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Rubus chamaemorus L. (bakeapple), a commtm spec1esz o‘f nutrlent—
&, . oL ‘

poor peatlands throughout Newfoundland and Labrador, 1s harvested
R

"y : ‘
o for :.ts commerclally valuabl-e berrles. . Management practlces m e
"i,‘” 1 Scandlnavm are/use/d \nc \e\ase natural y1e1ds 1n the f1e1d S

' et ; ; :
———‘r‘_——’ e B
thls study in part attempted to determme 1f smllar praetlces PO

could be appl1ed t:o the native populatlon :.n Newfoundland and

Labrador. In 51tes througho.ut the prov1nce the synecology’and : .

o

o autecology of R chamaemrus‘l.. were stud:l.ed to flnd the

env:.ronmental and habltat preferences of the spec1es. - Flowarmg, S

J:ﬁrm.tlng and vege\:atlve dévelopment were traced tl'rrough several J
.seaaons and found t:o be part:.cularly sensltlve to c11mate. . Although
L igerm:.natlron can be enhanced by the use of glbbe:relll.lc ecld (GA3)
| and klnetm, g'rowth of R. cbamaemorus L. from seed rema:.ned an "
:"':‘4‘1‘;1neffect1ve proposltlon. However, results frgm greenhouse and f1e1d
. ;studle'e showed that y:l.elds of exlstlng populatwns could be. greatly

i : g.mproved by ploughmg the bog surface, reduc:.ng the numbers of competit:.ve

. specles, and prova.dlng 1ncreased shelter from w1nd. :.,..'. P RS

Usmg the greenhouse populat:.on,,glant organs Were N prepared and
. ., '-av-‘ o oo
: examned y opt1ca1 and electron mlcroscopy. General descr1pt1ons '

. of root

nd rhlzome anatomy compared well/wrth Resvoll (1929) Balley (1941)

P

e v . .

R

‘ and Taylor (1971) Prex?ious 'resulte (Bal 1975) 1nd1cated that certam N
' AP cells :Ln 'the root contamed dense matenal. The electron dens:Lty was
, D e ° v Lo
. - . - . - e
. ,::,4*?‘:,,“_,_,'_‘,.,‘,,,,‘.,_:..,\....'.:.....‘....TL..‘. ’. anes vw ' el - - s '\)‘ e u.. - E.;:; “t'
e v m B T T T \\' Ca , L .
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\subsequently 1dent1f1ed as due t:o the presence of polyphenol:.cs. ‘ R
'Ferrlc chlonde was used to localme phenollc deponts wu:hrn the v ‘

h cells and a. var:.ety oi’ stammg pxocedures enabled var:.ous classes e ' L N
-of phenol:.cs to’ be 1dent1f1ed and then' d:.strl'butions_, in root and rhlzome o A
: AT e R
._sectmna determlned. , , e e ] . L °
. . B . P . L "“ﬂ ., ‘. ‘
Rubus chamaez?orus Le« also possesses a vaned root mlcroflor ‘;ﬁonszstmg N
R of many bactenal and fungal spec1es. Iselatlon and culture of,root: _ '{
L 'bacterla ylelded good results and; t:he rh1zosphere medlum dlsplayed ' §
B : ¢ - AR L e . RIS . " o
I A
st cons1derab1e/d1versxty. - Ic appears that phenol;c e.ompoundsi not only . e
"'-,protect the~ root and rhlzome from excesswe damage by mlcroorgamsms\
N . . /‘ t .
5 . N . - { v v
) but also control and deln.neate the assocmtlon between thé\root Py
. L 3 . ) oo é_
A m:.croflora and the Kroot: t:.ssue themselves. : Thgse two factors actlng CL
. toget:her could play a inaJ or. role in, the ab111ty of R. chamaemrus L. N '
. to exp101t nutnent—poor env1ronments..~ R : ‘l S . %
) .o . . e o e - D
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‘ : .of ferric matenal w:l.thln the cell g L o o
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" INTRODUCTION.. . . ST
. 1. General :Background
B Iv Rubus ch,amaemrus L., commonly known as cloudberry or bakeapple 1n , ‘.

) North Amer:.ca, has a boreal cx.rcumpolar d:.str:.butlon throughout arctlc

and subarctlc North Amer1ca, Greenland (Balley, 1941) and across northern

’. Europe and As:La (ResvolI 1929 Taylor, 1971) ,,In North Amerlca, the |

. southernmost extremlty of 1ts dlstrl.butlon 11es at 44°N (Resvoll 1929),”. :

"«1n As1a the spec1es has been recorded as far south as Mongoha (Smpson, \

_1912) Throughout 1ts geograph1ca1 range, R. chamaemorus L..1s usually found
'-1n peaty Sphagnum bogs, especxally‘ on raued or blanket bogs w1‘th good

v
a,

- '~dramage, although 1t has also been reported from s‘{ruce swamps (Mak:.nen ‘

'and Olkannen, 19 4) and from drler locatmns covered wn:h gravel or mlneral to

‘o

- soil (Resvoll 192 ) _‘Such localrtles are characte\:u,ed by thelr 1ow.

. : o :A nutrlent status and 1ow pl{ usually between 3.5 and %.5. (Pollet, 1972) .

O . . . M
.

area of Newfoundland a‘d Labrador (Pollet, 1968) ] These areas can be -

p of potentlal value for grlculture and. 511v1cu1ture (Pollet an& Rayment,
1973 Rlchardson et a1 1‘976), hoth--of ‘ﬁh:‘lch..neoessit te 'draining_, :
\ " ‘ ,ploughz.ng or smllar alteratlons to thelnlatur‘al state l

1 ‘Another econom:.c possxb:.lity 11es :Ln the management and‘ls controlled .

C harvest of ‘the. natural plant resources of the peatland habltat. J.ncludmg

o § bernes. ' Beeause of its h1gh market: value as a "luxnry crop L the

-
N o - RS — N .
B e et e TP S

‘ bakeapple 15 partlcularly suxtable for thJ.s sort of approach. Combmmg

/
these tW‘O methods of bog ut111zatlon haa already proven ‘guccess ul m

of 'the hog.‘f{ ' o h '

. o <
ct . . v
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*Scand1nav1a§ where the harvest and proce831ng of R, channemorus L.

. et
’

fare of conslderable economlc 1mportance. . Prices for berrles 1n
. | ,
Flnland are hlgh ‘(eca.’ 20—30 ka/kg = $6.00 ~ $9 00/kg) and the -income

from p1ck1ng is tax—free (Korteshar;u et al., 1978) In»favourable.

'

years ylelds of approxlmately 22680 metrlc tons are p0531b1e,_of

‘d' whlch 90 metr1g tons are d1rect1y utlllzed by the home proce531ng

v

lndustry Of the Jatter, 45? is used for 11queurs, 30% for cannlng

) 'and 2SZ for aromatzcs and seml-finlshed goods (thLnen and Olkarlnen,‘;

'1974) At present a con51derable research effort ie belng dlrected

wo, -

~:t:owards developlng methods to 1ncreasevnatura1 ylelds and 1n f1e1d

;cultlvatlon of the bakeapple plant (Kortesharju et a1., 1978) In;

’ Newfoundland and Labrador, the econcmlc potentlal of a simllar Bake—,‘iij

. >
PR

apple %arvestlng and processlng 1ndustry is recagnlzed (Newfoundland

:

and Labrador Development Corporatlon, 1976) but the development of

;such an 1ndustry is’ stlll 1n lts prelxmlnary stages. Prlces for't e’ -

N %
.

=‘berr1es have rlsen steadxly 1n recent years thh pxckers recelvxng

$2 00/kg 1n 1973 (NLDC 1976) and approx1mate1y $4 Oolkg more j

'recently and the berrles retallxng for . $6 OO/kg in malnland-markets

i(Agrlc. Commod. Coord Comm., 1975) In order -to. manage the spec1ea

1
l

.effectlvely, research Lnto 1ts blology in- Newfoundland and- Labrador 1s.,

‘essent1a1 and comparlsons w1th Scandxnav1a must be madeﬂ’ The purpose,

lof thlS\StudY was to 1nVestlgate seVeral problems of potent1a1

1mportance to management and control of the yxelds of R. 6mamaemorus L'

“ _'4

N

e N b s, b i ek S,

seang i mmn

awkden Adat,

x



et Ay rae B e AT L

“ .

€200 deumminn s m e Ve

e e s S T S

. . Lo o i , R
-t 1,,..?»'-»-:-&".-:7':-::'-. YO NPRT L e ¢ e enmnd

- et gy

R —

@
O

RO
)

1
' (2) "Growth and cu]’.tlvatlon 1n the f1e1d and greenhouse -
“*Seed ‘germination ]

tP'oll‘en‘mprnhology and 'g'ermination‘

N

- - . . -
o, .

el

General anatomy of plant organs S - o

Phenol:l.c 1ocal1zatlon :

. o
F:.eld obServat:.on of the specres and 1ts hab1tat 1n the provx.nce \

) 7(7‘?1 k

I;oot m:.croflora

,B. L . . N
. -, X )

a

(1) Fleld obser'vatlon of the spec:.es and :Lts habrtat ini . the provmce

Early studles of Rubus chamaemorus L. 1n Scand1nav1a (Resvoll, 1929)

“. and North Amer:.ca (Balley, 1941) and 1ater work in the Br:.tlsh Isles
(Taylor, 1971) have resulted in a cons:.derable body of o‘bservatlons -

“of the spec1es in the Wlld Apart fron scattered references “to, the
s, ' oo L Am o

flowarlng t1mes and range of the spec:.es m other works (Polumn,

1(940 Pors:.ld 1964), no comparable study has been made in northerx\

1

. North Amer:.ca.
. y
' morphology, fru:.t:.ng success and vegetat:we growth of R. cha.maemorus l.

More deta:.led ecolog:.cal work ha,s 1nd1cated‘ that the ;

‘can vary between male and female plants (Rosanovs, 1928) and betWeen ,5‘-

plants growmg 1n sheltered and open areas (Loh1 and Havas, 1972 ' . 3"‘ -

-

'Lohz. -1974) Furthermore, the specles has been recorded from many

habltats other than the "class:.c" 'peat bog, for J.nstance from dry:.ng. ;

; swamps (S;unpson, 1912) and dry gravel f:.elds (Res}{fol'l‘ 1929)

e
therefore cons:.dered lmportant to make 31m11ar obserVatmns of . the

It was - i

Specles in as wJ.de a range of habitats as poss;.ble J.n Newfoundland and

Labrador 1n order to compare the populat:.on of R. chamaemorus L. J.n

’ eastem North Amer1ca w1th those 1n Europe.

)

- «“
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“?jf deve10pment (Jaakola and Olkarlnen, 1972) whxch can lead to poor y1e1ds

reglme and polllnatlon." Fertillzanon of R. chamaemrus L. st?hds

he g Ry o

o cover materlal (¢stgard, 1964) dlrect eradxcatlon of dwak\\shrubs ,,;;

. . [ . . :
FRE “ . . .

(2) Growth and cultlvatlon in the fleld and;greenhouse.

- .

- Much of the prev1ous experlmental work on growth and produotivity of P E i

R chamaemorus L. has ﬁaken place 1n Scandinav1a and haa largely been ‘

4

dlrected towerds the rncrease and stablllzatlon of natural ylelds, and

: A . .
towards the pr0pagat1on of w11d rh1zome cqttlngs for hortlcultural

. purposea (Maklnen and oigarinen, 1974 Kortesharju et al ,1978). Early . ‘,}J

4

-y
¢ . ;e

observatxdhs 1nd1cate that.frosts of around —2°C have detrimental

»

- e
s ‘

. X N Lo

effects on floral development (Resvoll, 1929) as’ well as on’ fru1t
\

. . ¢ . ca

or to totel crop fallure.n' Coverlng the surface w1th gravel, plough1ng N

to 1ncrease surface temperatures, an \afforestxng bog edges can’ be

used “to- stabpllze crop levels (Makinen and 01kar1nen, 1974) v:ii":'f‘ o . i

addltlon, tree cover acts as- a wlndbreak Eo 1mprove both tem;erature'

e S -.'_ :i

w1th a varlety of - compounds and enhancement of the competltlve ablllty

of the speceeetln 1ts natural habltat can 1mprove natural ylelds. v

Nltrogen appears te st1mulate vegetative gtowth wh11e calclum and

- trace elements have 11tt1e effect (¢stgard 1964) Phosphorus s1gn1f1cant1y X
lncreasee herry welght and total y1e1d (¢stgard 1964), as we11 as ‘_'”"
Vegetat1ve growth and flower1ng (Iaylor, 1971) Uptake ‘of phosphorus.“

is posxtlvely correlated with temperature and the phosphorous level N

N
of the substrate (Saebd, 1968 and 1970) However, results vary -

con51derably (Makinen and Olkarlnen, 1974) Methods presently .,j : ‘je o

ut111zed to decrease competltlon on R. chamaemorus L 1nt1ude use of :<.g; T

4.‘..'. A . - . : L A

=

A ' T
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C ' '(‘raqlor, 19 71) burnug of the surface vegetatlon\ ﬁTay]ior, 1971 A
L ~ . o \ N
' f v - Taylor and Marks, 1971 Marka a d 'I‘aylor, 1972)\ and ploughlng of the '
o E bog surface (¢stgard, 1964) \ \ S \\ LA
: © R chameenioius L. has been“eucce'esixg Propagated from I_J.zome .
. . ‘cutt1ngs in ploughed f1e1ds (Makmen a Olkar:.nen, 1974 ¢stgard 1964) '
..“L‘ ';'- 'and in greenhouses (Kortesharju. 1978) jwel;l.' 'over 5‘7 of these
o ) i ""rh:.zomes began form:.ng roota ahortly after ‘e:Lng trans’ lanted\ and
o ) Pl contlnued ‘to grow successfully. Other hort1 1':&;;1' _tudles have
: ' dealt w1th the taxonomy and breedlng of the specles as ' lete‘& to j' ‘ .
KL poas1b1e hybndlzatmn w:.th other edlble .Rub:l to produce ' conomu.cally
. + PR - .
.valuable fru:.ts (P1ke, 1952 Larason, 1969, Newton, 1977) ‘ The dlseases' S
o of the Rub.i have been examined and related to the1r succeseas frult -
) ,“s : N - -crops (Converse, 1977) Volatile compounds present 1n t:he berr1e9 R T :
- E B ," - : u}
e } - N " ' 3
) ‘of Ruhi have been compared and contribute towards the:.r dszer).ng
: S o
~-'~{'_ ' "'_ taste and palatab:.llty (Pyysalo, 1976) . .'-'
b B '
, Such research, although of practical value in l.mprovmg eponomxc. R L
S , \
) o returns from the bakeapple :Lndustry, has often neglected to relate‘ the T
. "\ \ \ "‘1“ T
'blology of the specles in nature to :.ta Bnecess as a’ managed or \.\\. . -
Ce ".'cult:wated crop. For thls study. therefqre, the habltat and develop- \ :
.. . N . ~.=\\ C
) ,'ment of w11d pOpulathnB Were studl.ed ln conjunctﬂon with greenhouse ) o
R : ) exper:.ments 1n order to . de;l.uu.t some of the requ:.rements for successful :
P A 5 !
: s < 'rhlzome traneplantation. ' The reault:mg greenhouse population could \\
‘,“% : : 'then be used for studles of anatcmy and physlology. oL T , BN
» l?‘ - N ‘ -. . . ‘ .. g @ ! : I'.‘ : B
'.L.;-.;I.~.'.-‘_;-.u:w«t-w' it e  mimn e e 7 \ s S - -—J"
N Lo .. o A-.: - " I - '.:; S o LT T t '




[P

f:_;.,;.m,;g.,.,e_;-:.,e._h L ..

PR

R
a
b

! .
.

X

(3) Seed .

*topagatlo\n of R cbamaemozus L. from seeds is dlfflcult. Péfore'

) germnatlo\n w:.ll occur, seeds must’ be strat:.f:.ed at 4°C for seven’

|

' months (Fo g and Bal 1976) and the hard endoearp must be broken or

'\\. removed (Kerr ,"*1954) Ac1d treatment »cannot subst:.tute fcn: th1s tlme- : {
- ' "consum:l.ng and tedmus process (Ranl:ala, 1976 Warr et al, 1979) ‘ ) /
‘:'Plant:s 'ralsld from seed can take up- to seven yeara to flowe;: «(slbstgaxld X
,' '1966) _ Sexuall reproductlon is secondary to vegetat:we reproductmn . :;,j
[ in wild populatxons and seedizngs are‘ ra;:ely found :m nature (Resvoll -' _- ' 2/’
o .1929, Lohl and Havas, ‘1972 M.'iklnen and 01kar1nen, 1974) However, Sk = [,;
. germmatlon juccess can be lmproved by soak:.ng in g:l.bberel].:.c ac:.d ‘ Jf .
'.‘-.§J'GA3) and klnet;.n (W:::’r, 1977) Further exammatmn of the effect« of‘i T
ormone t:reatment and subsequent devalopment of seedlmgs was cen- : | j. , \
xdered a adeful addltlon to thJ.s studyu,_ PR - / ;.
. . . . e S
) _ ?olllen morpbology and ggmmatlon K - - ,,' ' / :
I sect pollma‘tors of R cbamaemorus L. lnclude empedxde,‘ syrphids, o ;-
- an homylds and bumble bees (Dallman, 1932 ¢stgard 1964 Taylor,‘ 1571 . . ;V"‘ i
Ko teshar_]u et\ al., 1978' H1ppa et al., 1978) Wlndbreaks appear to
ene urage poll:.nators and thereby mcrease fru1ting sueeess (Makmen and : .
01ka inen, : 1974) - The spec:.f:.c:.ty and success of pollen germ:.net:.qn o : '
‘ 1s t erefore related to crop y1e1ds and ;Ls d1rect1y relevant to the .
’ a'ms f th1s 1nvest1éab10n. R . ‘ ‘ (<
' (5) 2 atomy of plant O‘L}ﬂé . ' - ;
The on' thorough treat:ment of ‘the’ anatomy of‘ R. chan:aemorus L 1s ??‘.. ,'.:;.?
. co:(tain d 1n t:he larger work by Resvoll (1929) L In add:.,t;.pn; r,obt. ,‘;:' ) ‘
,. S e L , '. : B
N T v T o S ) =
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mcrostructure and the extent of the quxescent: zone :.n root: t:l.ps B _

e . N
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. - have been exam:.ned by hght and electron mcroscopy '(Bal, 1975) ﬁ’ g ° = .

To extend these results and ccrmpare thh them, the anatomy of roox:s, ; o

.« . .
B . g
o s e . 3 . k - Q

rh1zomes, and 1eaves were studied.~_" AT e s Eam ot = F

s OM T .
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An 1mpo"tant sect:um .
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In azfd:.tmn to, non-apec:.f:.c techmques for the J ~,—_‘ )

' (Se1ge1 1953) &

- o W = o Y

e phenolrcs as ‘a group (Bris'on et al., 1976, : Ramsay and Berlin, 1976 il

o'
.
-

.
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Lo SH R gotm, (Mace and’ Howell 1974,
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o -"‘Rovlra and Davey, 1974 Sanders ‘et al., 1975, Schenk 1977) and then' ;
- . ;,p’.-

K role 1n plant phys:.ology 1.8 of spec:Lal 1mp01‘tance to crOp plants. -

‘from many groups 1nc1udxng p:Lne f,orests (Ogawa, 1975) grasses <

Q- . . v ' . N . Voo s L
')

’

. of callus tlssue. Increas:.ng the phenollc contJent by applymg exo- '

Fa

"genous qum:Lc acz.d affects ‘the polar tranSport of auxms, and hence

‘growth of tomato plants (Mango and Boudet, 1977) -
- : L - W
PN o . " ‘_ L ‘ ,' . ot x.t R ;
. The relatmnshlp between phenollc content and reslstanee agalnst

- d:.sease and lnva.s:Lon by mctoflora is of: part:Lcular relevance to the

ro

have been 1mp11cated ln res:.stance agamst mcroorganxsms (Parker, R

P

""1977), nematodes (Veech, 1977) and :Lnsects (Wopdhead and Bernays, 1978)

] N -
Py 4

(7) Root mcroflora T L .

Co M:Lcrofloras are often assoc:.ated w1th plant roots (N:Lcholson, ,1967,

. - Rl ~ -

[ \ BETRS
! .,

.Such mcroorganlsms ‘are - often ldcated m mucxlagmous sheathsCtelser,

‘ 1967‘ Greav'es ‘and- Darbyshlre, 1972) Mycorrhlzas have been descr1bed

)

symbxotxc and assymh:xot:.c n:.trogen—frxmg bacter:.a (Evans et al., B

I

" 1972 MJ.shustm and Yemstev, 1973), ,are w1de1y studled.l‘ Clo‘ver. -

wheat and rape root exudates enhance the levels of proteolytlc bacterla

in the rluzosphere (Jacsk1ew1tz, 1977) and most plants are. l:.kely

Ny .tannms and‘ related compounds wh:.ch may- fac111tate growth and product::.on .

DY N
~hstudy of R. chamaemorus L.. Phenollc compounds have defmxte bactenc:.dé.l

B ~'and funga.eldal effects\ (Hegna, 1977, L;l.szka and Sendra, 1978) and 2,_':‘

(Bartol:. et’ al. > 1978) and a range of halophytes hydrophytes and -
» “"verophytes (Khan, 1974) Bactenal assoc:.atmns w1th roots, 1nc1ud1ng

' to enhance mcroflora 1n a 31m113r manner. ‘: Studles of bacter:.al and
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. . . ,‘
‘ ,-fungal associations renge from descriptions .of the{r‘ néture (Old"'and' ' CTe el
Yo . ‘< A . '»4 ) I
' Nleholson, 1Q73 Patrlqnln et al., 1979) to more speclflc examinations . -: oot
Lo ‘ y B 'of phy51olog1eal effects producedu in the host. S
¥ R - I . B . T Lo o B
b W P.mus ;,ad:.ata Don seedl:mgs :Lnfected by mycorrhlzae are more res:.stant
e jif ':; ﬁ L . to the flow of so11 water 1nto the roots (Sands and Theodorou, ’ B
S o . 1978la~ a sxmllar effeet eould relate to the sens1t1v1ty of R.. cham- B ned
. : :aeml'us L. for substrate molsture (Resvoll 1929) Thﬁ':g(gglatwnshlp e
L . v ‘_'between mycorrh:.zal mfect:.on and phosphorous ut:.l:.zatlon, cons:Ldered IR
. .55" in the 11ght ‘of’ the enhancement of vegetat:.ve and fru:Lt development
; —_— observed J.n fert:.l:.zed populatmns of R chamemorus L. (¢stgard, G
e ‘ 1964 Saebd, 1968 'I.’aylor, 1971), is of partmular mterest., Clover' . i
.g:' 4 (Hall 1978a) . sweet corn and mal—ze (Hall, 1978b) mfected wx.th :
endomycorrh1zae competed more successfully for 5011 phosphorous o . i
B o : and showed 1ncreased growth and endogenous phosphous 1eve'ls. A Intro— “ %
‘ '__"" . ) r- ' ducmg mycorrh:.zae Lnto the roots of wh;te clmrer_.by means of so:.l
/" - ',pel.lets produced 1dent1ca1 effects (Hall 1979) The rate of uptake" T 3
B I of phosphorous from the 5011 1s 1ncreased By the assoclatlon of ’
v L iy I‘
J ' _ ' mycorrhn.zae mth tree seedlmgs (Ban‘ow, 1977) )m Douglas f].r thl,S __‘

..'-"15 due -to the role played hy fungal acld phospha.tes 1.n the hydrolysxs

NS of complex phosphorous compmmds in the so:l.l (Ho and Zak, 1979)

fThe level of extemal and mternal phosphates of the root can control the
1

[N . ) . "

I degree of mycorrhxzal infectlon by a feedback effect (Azcon et: al

[ '*19-78) . " Shruhs nodulated mth Actonamycetes show enhanced nodulation L
7 B . : - .and nltrogen f:.xatmn. When infected mth ectomycorrhxzae (W;Llllams, T

- 1979) . The fungus"@igaspoza margarita produces al growth :th:.b:.tor —

' wh:.ch eould be respons:.ble for the cessatlon of growth in plants

: under axenlc cond1-t1ons (Watrud et al., 1978) .'f RE
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-, ~ . . % g B ) s Lo e i X Ry .":'.-' ‘.-:' C i -‘.-f” ]
w R m B *% the natus.'e “of bactena‘l and mycorrh:.zal assoclal:ions w:.t:h R. .'c'hqma"emorqis-.l;., .
' “‘ -’.- . - '» ‘T RS . .n‘. "-""" “‘l ‘ ) " & ol o =5
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'MATERIALS ‘AND mmons', T

. . 1
1, Field observa.tlon and collect1on T o

Pl

- To obtam plants for transp.lantlng :Ln the greenhouse and seeds for

'

\
[ 2 . germmatlon exper:.ments, as well as vanous plant parts for electron
e

h

" e and opt:1cal mcroscope e nat:l.on of general anatomy, fxeld collectlng

P

T was necessary throughout t:he programme Collectlng waa carrled out. . . . ol

o,
3

TR oy S

FY e

: over three growxng seasons, ) ‘rom 1977 “ 1979, beglnn:.ng each year

[l

.‘when the bg:g surface was free o,f frost and the peat 0 \Was ﬁo

“

LN - "longer frozen, by Whl.ch tme .the’ :En'st buds had usually ap;:;ared S

VLAY

-_f'. . :- ,. Bernes were collected throughout the fru1t1ng season whenever poss1b1e. o

| - Methodet of collectlng and tranaplant:.ng rhr;omes and o; seed germmatmn a
w111 be . covered in the sect:Lon deah\ng with growth emperl.menf:s. ' ot K
The regular. er;ﬁicont:.nuoue nature qf-sthggé, collecting tr:l.ps made“

PR TS TR IR R T o
A P

2l

T general-' s'ystema'tic obsérirations of ~se'vera'1"bogs" over.the th'f'e”é' e'easogs :
S - o ,
" ' ' feas:.ble 80 - that hab:.tat data, aq welI as 1nformat10n about ‘the

CT PR : ' _..'synecology of R. chamaemorus L. could be comp:l.led and related to -

vt AR 5 ol r i

" s1m11ar observat:.ons of Scandxnav:.an, Bntxsh and North Amerman

4t

h ': p°pu1atmn8-: el T o ;
. . -”.‘ o . M e E ,.- "' ) . . . v ‘5“‘
I AN 9 A ) "-’ '
; . :
. S~ - - 1
(-. Although 1n1t1a1 collectlon and observat::l.ons were conf:.ned to. a bog
o /\ .. on Bauhne ane,' several other bogq{%'re added to the study in
A ,,1977]and 1979. L L0 T
e .o f 5 Lo O o " . ' -v. ) K . .ot . . . . o I. . . . -
.o Voo . : .. . . ) . BV T
' Duri.ng‘the‘ Summer’ of‘.1977 , ‘excursions to. Doe Hills and.to the Colinet - _— i
. ; i ) S - ..
(r. . ..
’g . - N . ‘. . 'l‘.. \ / . o f}
e o ; - oo
. o \ ‘ oS - _
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‘Experlmental Farm were made and observat:.ons of the hab:.tats noted

.

¢

. Tlrese locatlons are shown :Ln Flg l.

4 . . LT r

41».Reports"of .balceaople ahunda'nc'e'-"from various soureee,’ Inainl}; 'fr&mj : a
plckers ;, :Lnd:l.cated that although the Avalon Pem.nsula locahtles were
_useful from ‘a pract:.cal v:.ewpomt, areas where R. chamaemoz'us L. vgas o
.'lmore succeseful and fru:.t productron was h:Lgher would also have to'be
stud:l.ed ) 'I'hus, extens:we field work was undertaken throughout
‘.".Newfoundland and 1nto southern Labrador from August 2nd to- 315t, 1979
" examlnlng and collect:.ng from seventeen 51tes (F1g. 1) , Dur:.ng 1979 . ; i -
work was also done on several product:we bogs '.Ln‘ the Wltless Bay area.- . " i
o i

':Ln a’ll these areas, the observat:.ons fa11 1nto two general categories'— Do

- 4 - . .
. N PO o "

. (1) General habltat and synecology. v

s e

<

' (2) The autecology' of R. chamaemoz:us L.

- .
(1 ) Synecology and hab:.tat data " R o : EEEIE oL '

General descr].pt:.ons of bog morphology, s:.ze and t0pology Were made

RN

for each locallty studx.ed '.l'he peat, of other substrates in several

. cases,' was exammed to determme :.ts compos1t1on, degree of hmn1f1cat10n

LY

and dampneas accordrng to the standards set outs by Pollet (1968). e ) SR

Assoc:l.ated vascular and bryophyte spec1e5 were llsted and the I )
: \Ll\. . ""' ' . . : T ook
‘degree of cover relatlve to that: of F chamaemorus L.’ determrned. wo

The provrncxal Department of Agnculture Expenmental Farm at Colmet :

- was of spec:.al :mterest J.n th:.s regard, s:l.nce 1t has been part of 8 e EEEE
¥ . o LT
TF e atudy in bog reclmnat:.on fox pasture and the natural popula;:.on of
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_R. chamaemorus L. 1s in_ compet1 i

L(2) Autecologx ”., s S e k

.:‘Flowermg tlmes for male and\female plants were recorded each year

-

I L Y ."4'-..-‘""' . . .
‘/ n fw;'.-th'ﬁthe grass species being . - -

a L . o T Y L ) TN ' N Y

LN -‘ 1 N ) - B .. :_-D.

encouraged there. . T SO L
o T T N S A

1 . B B . .
. . . , . . R PR I B . X vt

:from Baul:.ne and whenever pOBSlble from gree’nhouse plants. Dunng

-

— the bog at Wltless Bay was used to study polllnatl.on eco‘.logy,

Al

and 1nsects collected by swee nett:l.ng and 'pooterlng the flowers them-
P

selves. The npenes.s of berrles & degree of fa:.led berry development were noted

from all the areas stud:Led 1n addltlon to general :.nformatlon on good'

u,_« '

areas for berry p1ck1ng galned from personal contacts. . Berry dens:Ltles N

were est:.mated from the bogs stud:r.ed ‘in August 1978 1n order to measure

the success of various hab:.tats in tems of fru:.t productlon. R ‘Eo_r"

productlon were made each year, a

: frequency on undeveloped fruz.ts and unpoll:.nated”flowers.'

areas studled throughout the progr s comparatlve estlmates of berry

e11 as general observat:tons of - : '. Y

.

v

The vegetat:.ve grqwth of !:he apec:l.es was also observed in the f1e1ds :

s

':.-Wl.th average (mnnhers of shoots per square metre be:l.ng recorded

'“for most 51tes. . For all s:.tes the dlstrlbut1on of plants throughout -

,topography and the degree of shelter.', The size and v:.gour of aereal

.'the bog was noted espec:.ally as related to varlatlons in mo:.sture,

I3

‘shoots and the numbera. and gize of leaves were est:.mated and compared

for vazlous habltats as 1nd1cat10ns of 'vegetatlve success and potent1a1

as’ transplan_tat:.ons ..

e ‘e PR o .
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- (F to study rh:.zome growth patterns, floral 1nduct1.on and effec'ts pt.

c B,

o

15

. II. Growth Exper:.ments
" Expenments ‘were: carned out to determ:l.ne the effect of bog cuttmg,
rh:.zome and seedllng transplantatlon, and floral :l.nduct:].on on’ the growth

' of the spec1es in the f1e1d and under greenhouse condltlons. The

e

main emphas1s in thes‘e expenments was the creatmn and mamtenance

-of a v1ab1e greenhouee populatlon of R. chamaermorus L. forl use ;n.‘ ‘

further work on growth under controlled condx.t:.ons and as sources of

1 P

: ‘l c . * "- &
mater:.al for mcroscop1ca1 exmnatmn. Ink add1t10n, it was-possible "

reduced competltlon :.n greenhouse—mamtamed 'w:.ld' plants. .

N .
A d
e,

(D '_ F1e1d expenment

A =

"‘.‘\'r CIn Scand1nav1a, plough;,ng of bogs is, frequently employed to break up
ex18t1ng rh:Lzomes, thereby encouragmg 1ncreased shoot development

(¢stgard 1964 Makmen and Olkarlnen, .1973) An exper:unent was -

therefore carned out At Baulme Llne to determ.ne the effect‘ of bog

L@

cutt:Lng on shoot denslty and to a.pproxunate an Optmal degree"ef.,entti_ng.:: '
On May 16, 19-78- thr‘ee duadrats were set out to the plan shown in"f S
‘ Fi'.g‘.-' 2, located 10'm apart in- the eastern edge of the bog. |

- The corner posts Were 1abe11ed w:.th the md1.cated colours of

tape and the lmes between them were lald ont with strlng and lld‘eft.'

. as markers.. These and the thernal 11nes between them _were

., v Rad

then measured 1a1d ot a.nd cut w:l.th a square-ended spade to a.
. /%h of approxlmately 25cm. F:x.g.3 shows the completed quadrat._
The n,umber of shoota per sector were determmed far, each quadrat before-‘l

flowenng (July 6th 1978), after flowerlng (July 20th 1978) and after ‘

‘. o N . . P . N - - M . N e, P .. .
° . s . v ' Lo . - B = IR SN . A LI .
. T e R

N L e 0 7 om0k e s . ot -
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Figure 3.

Field experiment;
Bauline Line.

completed quadrat at

17
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E_'f' flowering the next year (June 29’th 1979). LY has be/e,n-establ:Lshed L
o e
g that t‘ne growth of ‘new. shoots only takes place after flowenng ha's’ :
S ’ : 'been completed (Resvoll 1929) , so that an mt:ermed:.ate count between
flowenng seasons was cons:Ldered unnecessary. The results were
' . s B : tabulated (expressed as shoota per ‘metrez) and statlstlcally analyzed
o S }%' to determ:.ne whether s:.gni'ficant increases in 5hoot dens:.ty Were produced
. . . .
N ' & e -
P s and 1f there wag: an opt:.mal sector s1ze for this. mcrease. o
. ‘-;"3(~2-) Greenhouse experments R SRS O :
The greenhouse, Operated by the Biology Department M.U.N., was used . ] ;
§ e Dag? ‘ X
: for the follown.ng expenments, as well ‘asg hou31ng the experrmental : ° 1
i . pOpulatlon of R. chamemz-us L. Except where otherwx.se stated all R
] : . . [N Y
! . o \ ; S
plants were establ:.shed :Ln 0. 6 cm plywood boxes (lmx O Sm) f:l.lled - SRS
P o o o with peat collected from Bauline Line or from Sundew Peat Industrles,‘ e
St; John s.-_ A11 the boxes were watered dally and checked regularly l
o .-to remove seedlrngs of. other greenhouse spec:.es. S / N 'f.- R
. - o (a) .'Hinimom Rlii;'aonie"‘;leng:th , JEEEE ' : . ' :
- . '> . ',To ut111ze collected rhizomes moat. effect:wely, :Lt was necesaary . )
' to detemme an opt1ma1 length of rh:.zome needed for successful d
¢ " \ N regeneratx.on' and growth of shoots." N Rh:.zomes meaaurmg 20, 30,
- .40, SO and 75 cm from the ap:l.cal bud vere harvested from” Baul:.ne
O ","-Lme on May 17 and 23. A11 non-aplcal branches weré removed and . T ,
ol P L L - "-’the rh:.zomes stored in mo:.st peat :on transport to the greenhouse.
s T N F1fteen rh:.zomes per: length, d:.v:Lded lnto f:.ve rephcates of three Sy
- -‘rh1zomes each (32&/1—5.,1130/1—5, R4011-5 nso1—s R75]l-5), vere ;
. g“- = - i
Cope 1 N . ;
. ff ’ , o
S ,
' '-L q'.l“.n\,.‘ut.:‘:1‘.h-.&‘,t;h!.u&.p-‘.‘&i.‘l.lfvuwﬂ‘ -f-x--'ml.l-: . V. Zri o B i o™ o o Do T I e s st sl e S S R u—
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”'planted :Ln moist peat in- plywood boxes (for 50 and 75) and plast:,c

ST N

19 |

trays (20 30 and 40) at: a- depth of 3-5c:m Da:.ly watermg, .-as above,-

made the peat excesswely wet, so that these and a11 suBsequent plantmge E

- were watered ‘on alternate daye and observed throughout that growmg

season and over wlnter to determ:.ne shoot growth 1n the subsequent .

YR ,

"season. By June 16 leaves had a.ppeare.d and were counted, seven’

,"days later they had opened fully and measurements of ma:mmum length and

w:.dth of each leaf could be taken. Two more sets of measurements NN

,,.t.. .
1eaves by which tlme they had connne’need senescence and drylng. s

‘-‘_determme the s:.gn:.flcance of the observed d:l.fferences in leaf size.

: were taken at 1ntervals of 18 and 28 days from 1n1t1a1 opem.ng of the : »

‘In the followmg summers survworshlp and growth of the rh1zomes
. were recorded. Analys:l.s of va.r:.ance a.nd Dunnett s test for '-:

: companson of control means to’ other group means vere used to

:.\‘ ., B ) ) ] ) o ) ‘ e . . ) .

®)

P

= . .--j .

AEJ.. cal/non—ap1 ca 1 generatlon

2

._Prev:Lous work on regeneratlon from rh1_zome fragments (Leakey and

buds :Ln mu1t1-node fragments could mfluence the pattern of

, regenerat:.on and that there was.-a 81gn1f1cant dommance exerted

i’“‘

.,Chancellor, 1977 a, b 1978 a, b) md:.cated\that the pos:.t).on of

v
Y

F

-

. upon the grdwth of .other buds W;cal buds.' The follow:m.g

AN

exper:.ment was performed in order to extend these obse’rvatwns SR

to regenerat:.on of. R. chamemorus L. rhlzomes a.nd to determlne from

- thlS 1f 1t: was necessary to 1nc1ude aplcal buds in transplanted

.'rh:.zome fragments. Th:.rt:y—cent:.mette rhlzomes from the prev:.ous .

. experl.ment on opt:.mal length Were used ‘as . controls, s:.nce each

B e |
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A TS

e ("- R buds., Rhlzomes f om Baullne La.ne from June Sth - L4th were cut lnto
\ L 30cm lengths and all branches removed. \F:ﬂre rep11cates of th'ree

rhlzomes each were cut, flrst at the nodes’ Wlth ap:.cal bud remcved ‘
(Nl-NS), and secqnd be ween nodes, w:Lth no aplcal bud" present “ S PR

(-'.[Nl—I-NS) These rl'n.zo s were planted :.n plywood boxes m peat at

T T T

i ' a depth of 3cm, watered 'very ther ay and observed for t:he remamder :-":
? o of the grow1n,g season Pa terns of regeneratwn dlfferences ;Lu. leef

. v
was not poss1b1e. .~ Ve

(c) Seedllng__growth patterns

A seedlmg produced durmg a revu:us study oft. seed germmatlon

. o (Warr, B Sc. thesm, 1977) wa.s tranSplant'Ed to the centre of a"'

3

. ‘a '.‘ . . st -
plywood box, as descrlbed ahove,g in ‘the summer of 1977. The develop—

» T

oo e 4t s it S D0 o e

", ment of the rhlzome system and ne ; shoots was observed throughout

v

the programme and general observat:. ns on the pattern of growth

e were recorded. 4 In addltlon, another 'seed11ng vas transplanted 1nt0

T a small be and obseryed over the same\ erlod. :

) - o (d) Effects of reduced competLtlon o A R e " ' j N

Durlng a- collectmg tnp at Colmet Experlmental Farm (Summer '
1977), a complete tmrf was cut and transferred to a\rywood box.

1,. cT o In addltlon to several healthy plants of | R. cbamaemru.s L. the _' R

-
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o 7

several grasses. Afte'x:> establ:.shment 1 the greenhouse, a11

' the plants except R. chamaemorus L. were

the next three growmg seasons, new shoots £ these plants; w‘.er'e"'-
cont:.nuous 1y’ weeded out, “the box watered on ternate days ‘and - "

the growth of R. chemaemvorusl.L.A detemned.

. . .
* - N -

growth and most plants flowered in’ the:n.r frrst aeaa_ f'ru:.ts

, ’ were. not developed and 'very fe.w plants flowered in su sequent

v
el

seasons 1n the greenhouse. Chema.cal parthenocarpy was:attempted
us:Lng a 0 17 solutlon of 1ndelacet1c ac:l.d (IAA) 1n 1an011- paste .
(Gustafson, 1938), wh:.c.h was applied d:l.‘rectly to the st:.gma‘;u:
surface of the female flowers produced in the’ summer of 1977',
. Th:.s method was unsultable, causmg ptematute senesc:ence and .A \ B
. T~

fa:.lure to produce fruzt. It was thought that r.he greenhouse

plants fa:.led to flower beyond then: :E:.'rst season because they .

vere not, eg&posad to -~ normal. winter conditions and floral bud’ develop-— o

‘men‘ti‘bms thereby not in1t1ated.A In order to test this, a box of
- well-establ:.shed plants ‘was. remeved f'r:om the greenhouse and put

:Lnto a cold room at 4°C for 24 hours (June 22—23, 1978). replaced

J.n the greenhouse and treated as usual for the rema:.nder of the

programme The treatment proved to be ineffectlve, although

plants surv:.ved the ch;.ll;mg perwd and dxsplayed cbnt:.nuous ' C s o

<,
v

e
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" vegetative .growth.

s

3 -.Establishﬁe{:t.oflga' g réehhouse pOpulation-
'In add1t1on ‘to greenhouse specimens produced as a result of the R L

E prevmus exper:unents, trsnsplantatmns of rh:.zomes from as’ many local1t1es

“as- poss:.ble were carrled out throughout the programme to eatabhsh a
populat:.o:; of R. chamaemorus L. access:tble fo'r the colleet:l.oh of. plant /
o parts and tr:atment of- 11v1ng plants necess;ry for :much of the subse— - )

quent: work. , <Rh:zomes :m the 1n1tlal season (1977) were collected

A from Baullne Llne, Doe H:Llls, Colinet and St. .Ioseph's. In 1978

. collectlons ftom these areas Were augmented thh rhlzomes collected

from the seventeetl sites vislted dur:.ng field work in August as: B

"

T descrlbed in the results. T.n 1979 collectlng was 1argely conf:Lned

'to Baullne L1ne and W;Ltless Bay.l. All rh1zomes were harvested and ‘

E transplanted in’ the same: manner. - In the field, healthy shoots

-w:.th well—developed buds we:;e selected and the rluzomes leadmg fron? .
l

-"‘them carefully 1cosened fmm the peat as fa.:c back as. possxble from

planted at a depth of approx:.mately 3cm m. peat-f:.lled plywood boxes, o

""thelshoot, 1nc1ud1ng any branches mth then: attached aenal shoots. ‘
»4>'The rh:.zomes thus obt:a;.ned ’va.r:.ed in length frqm 20cm to’ several
" . 'metres in length, the 1ongest bemg appro:mna.tely s:rx metres CFig 4).

. For trsnsport t:o t.he greenhouse, rh:.zomes were placed in polythene

.

' bags w1th damp peat to. prevent exeessnre dry:.ng They were then

<

a.s prevxously descnbed, thh any aerlal shoots left exposed care

- bemg taken to ensure that: the lateral buds remained below the peat

._sux_'faee. The boxes we:r:e left unde'r g'reenhouse c0nd1t10ns, watered

.o

rs m i NRAT gy st

, A . - = A 3 R . . .
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Figure 4.

Rhizome collected in Southern Labrador,
August 1978.
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) . III. Seed Geérmination '

\S‘e'veral'mean'sj of promoting'seed 'g‘ermina‘tion and development of healthy :
. B - ~ . e

seedlings‘werecinvestigated; It was noted that seedlmg losses of

' 41-947 occurred in prelmmary. gemnatlon trlals 8o that two methods '

\r

- of producmg ‘ster:.le germination oond tlons were” attempted ."l‘he'.

contmuatlon of- work by a prev:.ous student (Wa

o, ..

1§78 B. Sc. thes:.s' SN

s . Warr, Savory and Bal 1979) showed that treatment of mechanlcally BRI . o

» n

scar:.fled seeds w1.th glbberell:l.c acld and k:l.netln could affect germlna-—

s

t:Lon frequency. Ac:.d scarrfu.catmn was also attempted

o - +
v few seedl:.ngs were sufflc:.ently hardy to be transplanted to the green—

. house, subsequent exper::ments in phenolic distrlbgtmn %nd development

of m:.croflo'ra were able to ut1llze the%techn:.qne thus developed. .

°

1 s - R C e

i ).

«

teaen tm e cm i P s A s e

e
-

In order to supply seeds for the follow:l.ng expernnents and’ to bu:,ld
up a. 'seed bank' for future use, Be:rr:.es eollected or- purchased from
» vanous sources were treated to remove the fleshy'mesoca'rp from the

yrene. _ Thtoughout th:.s thes:.s, the tem pyrene refers to- the

o bony endocarp plus the enclosed seed. Init:.ally, berr:.es were m:l.xed. R 2

°

' w:Lth water and forced through a s:Leve to remmre most of the  £leshy-

tlssue, then arr—dned and’ sorted by Jhand’ to ‘remorve the pyrenes. - T ,

e However, th:.s proved lnefflcg,enr/ and tme-conswnmg. The" follomng )

pprocessmg of berries cons:.derably.. ‘Fresh be.:r:nes were placed in a-

-

: Wermg blender and thoroughly :mashed. . Clean tap water was added to

o

Pl o s

T S
.
]
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3 ’ : ﬂalternatwe method was subsequently deVeloped and 11np:tcrved the =~ - E \g o
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several mnutes before bemg 1e£t to settle. : Exocarp and mesocarp

—tlsaues floated to the surface and were eas:.ly decantea 1eav1ng the

o

\-clean pyrenes at the bottom. ' These were t:hen spread out 1n Petn

N -
dishes and allowed to axr—dry, followed by dry strat:.fxcatlon at 4°C

for: at 1eaat s:Lx months (Fong and Bal 1976) prlor to usage. T SR \

..(l); Re‘dnc;tion'of‘ fi'mial- rnortality :

(a) Measurements of morta11ty due to fungal 1nfect10n

Dry stratlfled pyrenes from Doe H:Llls, Tr:.m.ty Bay wexe soa\ge%
: for~51x hours 1n d:.st:.lled water, endocarps remoye%/usrng a scal,pel

IS

and forceps and the seed coat nlcked at the end furthest from ‘_ peh

the emhryo.'.' Seeds were then placed in petn d1shes on several e
layers of f:.lter paper norstned w:Lth f:.ve ml of the solutlons

| gwen in Table 1. sthes were then placed in a controlled

- emrlronment chamher (12hr l1ght, 12hr dark at 665 lux, 70%
relat:we humld:l.ty, O°C) and the solutlons replenlshed weekly.

Germ:.natlons and losses due’ to’ fungal mortallty were recorded
\ . -

o for approxmately 35. days mth gefm:.natr’on deflned as. successful e

once the- cotyledons or radlcle had protruded and the cotyledons

. had- hecome green. B Percentage ,gem:.natlon and loss were calculated /—:——\\ SR

for each treatment and compared.-, i

.
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Lo Table 1.

'Germination- media

A

4

for seeds used in

B -measurement of fungal mortallty. T '

‘Batch A

b B A b TS Sr b T e

-Number of seéd's@

By

50

25,

25

‘ 50’“}.".' ...,

50 -

3

. 50

50 .

5

50

Y50

" g5

135,

38

50 "

50,

- Germination medium

distilied water .

e

. disfj.‘I‘].\éd‘ water |

,.;“,4.6?{
4.6 x

4.6 x

‘ "4.6':{
4.6 % 10

- "n..D‘-A»-VG X
b6 X

46::

4 6 :x 10 M kmet:.n /

463:

e e e e o e e

'.4.6};.

5.7 %

'10—'5'14 "kineti.i.q.~- '

=5
10 "M'GA,

iOfsle kJ;.f;leﬁin -

10 °M Kinetin -

-10,7-:7& kineﬁ in

10 Sy GAe

10 M kmet:l.n .
10~ _. M kJ.net:.n‘
107°M kinetin

107°M kinetin .

- PR .
10 "M kinetin

. -5 o : ; s
100 M kme‘t:.n-

10 M kmetm":

10 M kmetln

.27
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' 4 - Sl . on'mo1s:ened fllter paper 1n petrl dxshes and 1ncubated 1n the

.28

1

~(B) See’d 'prepafation u'nd‘er‘ 's‘terile conditidns

It was clearly 11npo:rtant to. develop ‘some method of prepar:mg
.and germlnatlng seeds wh:.ch 'J:educed or elnm.nated the heavy losses
due to. fungal contammatlon dlsplayed ‘.m the prev:,ous mrperlment.

;An 1n1t:|.a1 attempt 1nvolved the ut:.l:.zatmon of an ultra-'v:l.olet ‘

- ~

m1crob1010g1ca1 hood 1n wh:Lch the procedure conld be - carrled ont
o at:d. the ster11_1.zatlon of ali :mstruments ana solut1ons -used.
;,' ‘The hood, wocrkmg surface and errvrromnent chamber were fl*rat.
- S thoroughly washed and mped out: w:l.th dlsmfectapt (TOR) uAl"i
‘ \ '- .solutl.ons requn:ed, mcludmg a supply of d:.stl.lled water, evere
| ‘fl}tered :Ln a m1111po:re appa:ratus and stored at 4°C when not in -
- _”use. Glass petr:. dlshes, scalpels, forceps, plpettes and Beakel;s
| were autoclaved and stored :Ln the hood under ultrav:\.olet ll.ght
to prevent recontammat:l.on. Pyrenes were soaked 1n stenle
"dlstllled water for s:rx hours and- sur.face stenhzeﬂ m: fwe <per
| cent: calc:.um hypochlo:rite for f:we m:l.nutes, ‘the ent::Lre procedure :
from th:.s pomt tak:.ng place m the hood under normal llght. N
. - ‘The endocarp .was removed and the seed coar. zuckea w1th stenllze 3
L . - V l

' Lnstruments Wthh we;re kept ready m a ﬁeaker of ethanol and fla:ned

"after each pyrene had heen treated‘ 'I'he seeds we:re then placed

i env:.romnent chamber ae abGVe. !

L

‘Although fungal mortal:.t:.ea Wefxe consxderably 'reduced hy tha.s

‘method there was st:Lll contam;.nat:.on nece551tat1ng regular changlng/

et el Rl A ATk e e R - g . e e @ e e e e - . -
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- ..of forty seeds were- submerged in ten pe:r: cent calcmm hypochlonte .

.of. chloramphem.col/cyclohe‘xamine. The preparatmn of seeds was. / .

' as?sbove, w1th surface stenl:l.zatlon takmg place in. absolute

-ethanol for ten seconds rather than in- calcnxm hypochlo’nte. .

B .. . . ' J ‘
of t:he f11ter papers and 'removal of 1nfected seeds‘ x-'Further«-..

= ster:.llzat:.on solutmns were tested 1nc1udmg a funglcldsl solut1on .

‘After remov:l.ng the endocarps and n:.ck:.ng the seed coats, batches

\_‘L\

+ and ten per cent: hydrogen peroxide for tlmes of f:.fteen, ten and

,_flve am.nutes. - 'I'he resultzng srx groups of seeds were then washed

. "an several changes of ste:nle d1stllled water.. Each batch was '

'.then 1ncubated under t:he follow:l.ng condltlons 1n petr:. dlshes,

ten seeds ‘on f:.lt:er paper moistened wath ster:.le wate:r, ten' seeds .

L on ,f11ter paper mo:.stened w;Lth a solutlon of chloramphenacol]

-cyclohexamme (O OS gm ]6 40 gm per lltre of - dlstxlled water, R

0

"BBL Manual of Products and Lab. Proceduxes, 1973)\- ten seeds

A

.. on Dxfco nutrient agar w:.th the ada:.tmn of yeast extract, t'en. P

seeds on. Sabourand‘s agar (Dw.fco, 1971} ‘ Germ:.nst:.on was monltored

.
5,

for- 30 - 35 days w1th seeds taken at Lntervals for ‘use :m the

phenol:.c 1oca11zatlon experment. S

1 . Cow

‘Promotion'.,of gei'nii.natioﬁ izsin& gibﬁerellzic acid (GAgL aﬁd\kinetin

o

- - N v v : j\

' ‘Berr:.es collected from Cape Race (August 1974) and Doe H111

Trm:.ty Bay (August 1977) were clesned to separate ‘the'. py;:enes

:from the fleshy mesocarp and stratxf:.ed by storage 1n covered

'pet:rl dlSheS at 4°C for seven anonths (Fong and: Bal 1976) Strat:Lf:Led

vyt 2 e

: S
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»

:f;pyrenes were soaked in dlstllled water - for six-hours, follow1ng

'_iwhlch the endocarp was. carefully cut away usrng a sterlle scalpel

Y

' -and forceps.under an’ ult’ra.-vmlet hood and -the seed coat' was'
mcked .at the end furthest fram the embryop After surface
ster:l.llzatlon in 0 57. sodlum hypochlonte for f:we mmutes, t}re _
mechan:.cally—scarrfled seeds were washed in: ster:.l:.zed d1st111ed
water and replaced 1n ster:.l;v.zed glass petr:L d1shes ‘on - several

layers of f11ter paper m01stened w1th 5 ml of the followmg
.qolut‘lons..-

o
L2

(a) 5.7 a:,],O‘_7M,’ 57 x 'IO_GM, 5 7 * 10 M g:.hberell:Lc ac:.d (GA3)
S k6% 107, 4.6 1070, 4e63 107 14 kinetin

» . . . “ . T R

“{e) 3 .'a'ter_ile-' adistif;lléd watecj;' (cphtrql_). o

\A‘_“..

All solutlons) were stenllzed by dlsposable m1111pore flltel‘

apparatus and stored at 4°%¢- when not in nse. - Fox: each treatment,

.

four repl:.cates of f:l.fty seeds each were used '.l'he petrr d:.shes

.

contalnmg the treated seeds were placed :Ln a controlled env:.‘ron-

ment chamber under condltrons of 12hra 11ght]12 hrs dark at 665 lux,

relatlve htmlldltles 707‘, and temperature 20°c, The fxlter papers ‘

', Were. changed weekly to preyent excessnre fungal ‘,,contammatlon

and 5 ml of the appropa::.ate solutlon added to each d1sh ,Tlie

number of seeds germinatmg (1..e. mth cotyledons or radxcle

L8

e protrudmg) was' ;recorded oyer a perlod of thn'ty days, converted

.
A

to percentage germmatlons for each treatment and stat1st1ca11y

’,

-
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(3)

- Bunn Penmsula (August 1977) were placed w:.th concentrated

o

. analysed using analysis of .variance and Dunnett's test for compar-

ing means. .. A . . T

PR S . .ﬁ.

Acid 's’carificat‘ion'

'Dry strat1f1ed pyrenes as descrlbed above, from Lord's Cove,

R

ol iy

Lo

. _I_sulphunc ac1d in a - con:.cal flgsk restlng m ‘beaker of ice '

C R

" water- and left on a mechanlcal shaker at 100 rpm for th‘ree hours. o

Excess ac1d was neutralized Ey a fm't'ne'r flfteen :nmute r:l.nse

The - seeda were then 'repeatedly washed w1th d1st111ed water and
L]

-

' ,m a 57 solut:.on of sod:.um "bzcarbonate followed by a fwe m:mute

. rinse imn dlstllled water. Seeds were then ai'r-dr:Led at :romn

i_. temperatm’e in covezed petr:. d:l.shes f.or 24 hours before plant1ng

B "'m m01st Sphagntnn and—lncubat;l.on in etwmcomnent chambexs as

1‘prev1ously descnbed. Four repllcates of f1fty seeds 'rece:wed

"‘-"th:.s treatment, Lin add:l.t:.on, cont:col groups of flfty seeds were

. treated as follows

’

) ) - pyrenes were soaked fo‘r giE hom'e l{l chst:.lled wate:t:,, N

‘ then Sown as above w:l.th endocarps 1ef.t: mtact~

R (11) yrenes were soaked a.n d:.st).lled water for §ix hours

. and ‘th"e ‘endocarps‘ removed ,hefor‘e somng.. ‘

-
‘ .

'All seeds were watered regularly and ohseo:ved for germmatlonv

over a- penod of tlu:ee :months.-

-

T S ——_
Y

'rlnaed under rumung distllled water for an add:.t:.onal f:we 1n1nutes.
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*rscannlng electron:mlcroscope.

St 9 e e b W it 39 A s amin o n b s e e A e -~

1v. Pollination étudy‘

"Durxng the summer of 1977 flowers were collected from Baullne Line

. : »
for scannlng mlcroscopy of plstlls, anthers and pollen gralns.

" 'In the followxng summer female flowers were sxmxlarly observed to

determlne the success of pollen germlnatlon. : In both cases, flowers

and floral organs from wlld plants 1n the f1e1d were rmmedlately

‘f1xed 1n Karnovsky 5 solut1on (Karncvaky, 1965) for one hour."

"F0110w1ng f1xat1on, the tissues were washed repeatedly over a perlod

: of twenty—four hours in phosphate buffer (ph 7. 2) then osmicated 1n ?
B osmium tetroxide solution for One hour.-r Specrmens were dehydrated
to abeolute alcohol and taken through a 3; 1, 1; l 1 3 serles of

_ethanol Freon 113 (crlchloxoflurethane) : to three changes qp pure

Freon 113. . Follow1ng transfer to ?reon 13 (chloro—trlflouroethane),

,the specrmens were drled in a Bomax SPC—QO]ex crltical pOlnt drylng

’apparatus, f1xed on~a1um1n1um stubs WLth sxlver conanctmng pa1nt .

and gold—coated 1n “an Edwards Yacuum, coatlng unlt Model E12E w1th

“mens wexe v1ewed and- photographed 1n a Camhrldge "Stereoscan" Mark ZA

e
o

V:As prevxously descrlbed fleld studles at Nltless Bay in 1972 1nc1uded.

,A‘the prelrmlnary collectlon and 1dent1f1catlon of p0581b1e pollrnatzng -

1nseo;s? 3j3 i

Root and rhxzome anatcmy

v W1th the establ1shment of accesslble populatlons of seedl1ngs 1n

'continual rotatlon usxng a planetaxy rotatxon stage. Prepared sPecl— o

s b ot 4 Wombien s S

B I S
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- . .
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house 5 1t was ppssz.ble to” 1nvest1gate several more speclflc _problems

1

using optical and electron microscopy. L

‘o i - e , oy

£y
- fen

‘ , o
controlled env1ronment chambers and of mature plants 1n /1 the green-
Loe i A .

ot

& 1 I

(1) General Anatomz, .

Inltlal work 1nvolved general observatlons of the anatomy of a
varlety of plant organs in both greenhouse plants and w11d'

' plants, u31ng paraffln sectlona for llght'mlcroscoplcal examlnatlon."

Saanples were collected :Erom healthy plants and mnned:.ately fq.xed
“in elther FAA (Ethyl alcohol 507' 4 Glaclal acet;lc ac:.d ;. 407 PR _

E'ormaldehyde 18 1 1) or Carnoy 5. flu:.d (Absolute ethyl alcohol
Chloroform Glac1a1 acetlc acld 6 3: 1), FAA generally provxng

’ ) most effect1ve for paraffm embeddlng (Jensen, 1962) -Spec:unens

j were then dehydrated in an alcohol - tertlary butyl alcohol series’ R

and embedded 1n paraff:.n.“f Sectlons of 5 - 10 m1crons we're de—

. kS

and stalned as follows'-— :

L
A

. , B . s . R H‘.,\“‘A' ““",. ‘. '~' [
enin-aniline'blue for' general staining

. . h o
L) feulgen method for sta:.ning of chromosomes

‘4\‘

(11.1) .safranm—llght green fo'r dlfferent:.al stammg of
- cytoplasm/cellulose and nucle:l.c aclds/proteln

'(iv) ‘methyl green/PYronm for st:a:mn,ng of DNA and RNA

(Jensen, 1962)

¢

Stalned sect:l.ons were. permanently *mounted ‘in hl.stocled and” i B
' LN . %
photographed ’

a
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.(2) Quiescent zone studies

In order . dellneate the qu:.escent zone of R.. chamaemorus L.

autoradlography of greenhouse plants waa attempted uslng H3

thymldme.__ The root tlps were exposed by carefully remorvmg

34

the peat from near grow:.ng shoots and submerged J.n an H3 thym:.d:.ne_" A

or 1{3 thym1d:.ne/'l‘r1ton X aqueous solutron w1th SOmC:L/ml rad:Lat:.on "

. -Acontent in ‘50ml heakere, whiie leavxng the root and rh:.zome

root t1ps were remcnred and ,fixed in I"AA. Equal numbers of specl—'l‘

'1ntaet and cover:l.ng them w:Lth peat a8 close as poss:l.ble to the

-

tJ.ps. Plants were exposed :m th:.s way for 48. hours before the

" mens t-r'eat—ed v.wrth Hg .thymidlne*fs,lone and' treated"w:l.t_h Hq thym1d1he:- o

“plus Triton % to impi'ov'e absétption were 'emheddéd in paraffvin" and’

. secti'oned‘.‘ After deparaffmlzatron, slrdes were dlpped m

photographlc emulsmn, dried and stored for seven days to expose.

.

. - They were developed J.n Kodak D-19 developer, ashed m tap wate:r:,'

E fn(ed for s:.x mmutes, washed agaln and d‘ned De‘Veloped sl:.des L

s ware stalned usmg Azure B (Jensen, 1962) and exammed under the .

3

; optlcalanlcroscope. o IR S

‘ Th.lS :LnJ.tJ.al method gaye Slldes w:.th too 'much hackground exposure‘.

- i I

. to be of use and the exposure was - therefore 10wared to a. 24 hour

Kl

pulee usrng H thymldn.ne alone, followed—hy a.one hour wash 1.n

C cold' 1% thymz.dlne aolut:.on. ‘It was also dec1ded that th:.nner

t 4

: Solutlon\ for t:wo hours,L washed repeatedly in phosphate 'fmffer

P R i Lt o BT

0

N
3 .

PSPPSR I e

' sect:.ons o:E the spec:.mens could prcrye useful in the exact locat:t.on s

'of the quleseent zone. Specnnens we:re therefore f:Lxed in Karnovsky s

drasnn i v & e = wm e ey
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d:'or one hour, dehydrated and mounted 1n' Epon (Spurr 1969) fot‘_'ﬁ:
. . Co / . T
eultra th:gg sect:.onmg before treat:ment -as above and exammatlon -
1, us:.ng opt:.cal mlcroscoPy. ..Resolts ‘were sl—;_ght}ly.lmproved,“‘ ' I
although background was st111 present. ’ '-Howe've'r,' the ouie'soent .
zone was “found to be ev1dent m whole roots sta:.ned w1th ruthenimd '

A ~—

.‘; red as part of an experlment in: detect;\.ng the -muc1ge1 1ayer, t:o

:be fully descrlbed 1n a. later sectlon. . R

L VI Phenollc locahzatmn e o ;j':" -
Sectxons. of ‘R. . chamaemorus L. root t1ps prepared for electron and

opt:lcal mlcroscopes dlsplayed the metachromatxc reactlon w:Lth toluld:l.ne
A o Z

blue character:.st:.c of phenolic compounds CRarmsay and Berl:.n, 1976

K I

, Tlppett and'O Brlen, 1976.) '.' Prevmns WOrk (Bal, '1975) showed that e
s:.mllar areas of the a:oot: merlstem contaln electron dense cells whlch
x»;ere consddered to have hlgh 1evels of such compounds and :Lt was
cons;l.dered feas;.ble to 'mves;t::.gate th:Ls phenomenon further. -, "Ifheh
dlstnbunon of yhenol:.cs -both with:l.n the root and w:.t:h:Ln 1.nd1v:.dua1

dense cells was stud:l.ed -us;mg electron 'mz.croscopy of materlal sta:.ned

" with fernc ch&orlde- o A var:l.ety of sta:.n:l.ng technlques was applled

to freehand sectlons of both roots and :rh;.zomes to' fnrther deff/.

. the chem:.cal nature of the compounds and the:,r dlstrﬂmtxons. Tn

i v

-

- were. exammed us:.ng electron :m:l.cq:oscopy, -

(1) 'Local:l.zatlon of phenol:l.cs usmg electron m:l.croscoPy

In order to determme t:he effect:weness of 'rr:.c chlor:.ae in .

. order to- trace the deVeloprment oftdenae cells, ’Iadlclés and seedling roots o

PRIV AU S VLY
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general locallzatlon of phenol:.cs in R. chguéenﬁrus L. \root

tlssues, roots were prepared for elect:on mcroscopy usrné the

i

P PRI
- - 9 .

follow1ng treatment C e T

o

(.i) flxatlon in Karnovsky 8 solutlon for one hour /«

iy

. fo_llowed hy sta:.m.ng 1n 0304 for one hour

(Feder '...a'nd 0 Bnen, 1968)

KA

(i) f1xat:|.on m a 32 solutmn of l-"eC13 1n ' <

'Karnovsky 3 solution for one hour - .-
Col ‘(Brrsson et al., 1976) - , )
Gii) 'flxatlon in Ka’r‘novsky 8 SOlUE].OIl for one hour L

-',wrth no- stamlng (control)

'
3

, Spec:.mens from all treatments were then washed 1n phosphate

6.

buffer, dehydrated to IOOZ ethanol and embedded in' Spurr ) medlum C

\

for ultrathln sect10n1ng Sectlons were

untersta1ned w1th

lead c1trate and uranyl acet:al:e, mounte‘d\&:n grlds and photographed

;lfé)

o

1n the m:.croscope (Feder and o' Brlen, 1968) Both 0304 and FeCl

\\\\\

y1€1ded good overall sta:.nmg of dense cells, w1th FeCl3 1mprov1ng

i
e

t.he resolut:\.on of :Lron-phenolle complexes w1th1.n the cells.

b . , ‘s

Charactenzatxon of phenollc cmnpounds usu_l_g _pt].cal meroscoyy‘

Several sta1n1ng methods were used to 1solate and local:.ze

- o

var:.ous classes of phenollc compounds w1th1n roots and rh:.zome

-tlssue. } In all cases, sect:.ons ‘Were. obta:.ned by samplmg healthy

materlal from greenhouse plants » umnersmg them mmediately 1.n

N .\n

o
—bn ) " s . [T W
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g Q : the apprOprLate solutlons,' cuttlng freehand sectlons from them

w1th a sharp razor blade and mount:mg the sectlons under _cover
- ‘L, ..
. slips -on glass sl1des in a: drOp of sta:.nlng solut1on for. observa..

< - ; . . -,. "

R tmn after the appropmate procedures had been carr:Led out. ) e

Sta::.ned sectlons were observed and photographed usmg a Ze:L S5 S

L)

T ‘ .. ' e
photom:.croscope. e ‘ st

. .
. co, %
0« el .

'IVo sets o:E procedures were used to dlfferent:l.ate betweem,flavono:.d

,r.
Rl B

" St polypheuol:l.cs (1 ‘e, catechms, gallocatechlns) end terpenm.d

OV

i .
e v — .
ppbers " q_/:r‘t..’

A
3,0
K

polyphenols (gossypol) Treatment of sect:.ons w1th a 1% selutlon

. of 2 A-dlmethoxybenzaldehyde Ln\l 1 95% ethanol and 18‘7 hydro-'

&

AN o
40T ey )

| chlor:.c acld (DMB reagent, as’ per Mace and Howell 1974) stalned
§ catechlns and gallecatechlns 11ght red The n1tro§o reactlon,
. 111 wh:.ch equal volumes of 10% sod:Lum m.trate, 2OZ urea and 10%..
| acetrc acz.d are. added to fresh sectlons before treatment Wrth two
~ ;“':3 ' . ,. volumes of ZN sodlum hypochlorlte (Reeve,‘1950), stalned catecho
y _ : h B tann:.ns cherry red.. Treatment with saturated solutmns of 2,4— o
_' ’ " . - dinltrophenylhydrazme 1n 2N HCl (DNP reagent) and Sb013 1n 60%

S

HClOl’ (SbCl3 reagent) stalned gossypol and related terpeno:.de

I
- : oo . ! . T '

>

orange—red and red respectwely (Mace et al., 1974)

Further tests were done on freehand sections to local:l.ze phenohcs

v

w1th several more SpeleJ.C chemcal prOpertles (Mace, 1963)

[

Glbb 8 reagent gave a blue‘-colour on reactlon wrth phenohcs

’, w1th free posxtlons para— to kS hydroxyl gronp, and those Wlth carboxyl !

sulpho, formyl n1troso, or nJ.tro groups 1n the same r1ng as :

o

X

‘:‘ T N A
.
1

UV SR SLIve P

d . et s N R
AN . L e e s
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A hydroxy'ls. “In, tlu.s procedure, 0. 5. mlaof a 5%: solut:.on of

s .

& -

2 6-dlch1oroqumone-&-chloro:.mde 1n 957 ethanol was added to : RS - !

',-, ‘ ! SENEIPR -.4«1o:f of pH’ 9 4 borate buffer (so -l ofco 025M borax in 6 2m1 - —— ;)
| " % o of 0. 1M NaOH) Fresh sectlons yere 1nnned1ately plac:ed m thre | 'r[ s
‘ ‘ " S - [ .mxture and left for 20—25 mmutes, then transferred to -3%. St ' o

. % “ o NHAOH for 10 mnutes before mount'mg. Loeahiatlon of amli.ne
r O : _add1t10n pi‘oducts of qm_nonea denved from naturally occurrlng ; l'j_‘. ] \ 4 "
: | “ ' Q‘_“phenollcs was carrled out usmg am.‘lme K1%3:eagent, cons:.stl-ng e ,

. | L ‘e._‘ng;A\s ’ of O Sml am.llne, 20'ml’, of 0. 5M KIO3 and 5 ml ' dlstllled water, -

i‘ ‘:. S / 1n whlch sectlons tlvere treated for 5 mlnutes, g1v1ng ‘a dark blue : , r

-2 ..

:,reaction proddc‘t., A solutlon of 2% aqueous anlli“ne blue gave

»
.

a. s:.mllar but more falntly‘ coloured reactlon w1th 1a;u.l:.ne addltlon e e o

- - R ‘-‘4 L "f"' o "’ '1 . : ‘
'products of o— or, p- qu1nones. |
. L ' R -
L : —

. RS '(3}.,,Development of dense oells -

P Root t:Lps from seedl:.ngs grown under sterlle condlt::.ons in- t:he l L

b S env1ronment chamber as descrlbed in Sectlon III were prepared SN
LY R e R o
Co - for electron mcro cdpy usxng the standard 0304 treat:ment and

3 P -

Spurr embeddlng procedure. In addltlon to electron dense cells R

+ }',»
. . v ; . 3
PR RN and rhlzoplane mcroorganl.sms, these sect:l.ona dlsplayed metach- SR
- . L‘,}. . ‘ - ey N e ) - V 'A A;‘{
i T e 'vromat:.c stalnlng of t:he ep:.derm:.s w:.th tolu1d1ne blue 1nd1cat:LVe R A
R - T A . - . R R : “~. . o
: e o .phenohc content.«.: It was therefore declded to examlne radlcles T

- and seedlmg roots at other developmental stages and to determme '

B A poss:l.ble changes in the extent and pattern of _phenollc dlstrlbutmn.- ’ \

¢ A S

L . ', ¢ B * e
5 All specimens were. treated using the ferric chloride method :
. "’- . . - _"\ ) . Co. I‘, : ) (‘-‘ “:n , r\ “'. . . 3

e
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- usmg FeCl3 (Brrsson et al., 1976) were seen to’ contaln microorganlsms, . T

; germnatlon, or were entlrely derlved from the envlronment, seedlmgs S

i and radrcles grown under sterrle condltlons were also examrned ﬁslng

to determlne t’he presence and extent of - 8 muc:.gel layer in- the roots :

a e

.

PSS
[y

‘. . M * i L) . r
) (Br:.sson et’ al., 1976), embedded in Spurr s medlum and th1n- ' LT ‘7')‘
. - T ! oo "'.-' Lt ' A
: sectloned for v1ew1ng and photography 1n the electron mcroscope. . . C

a

.. Rad1c1es from dry seeds were - 1n1t1ally treated and y:.elded good

results... 'In addltlon, radlcles from 'seeds whl-ch had be‘en soaked R

=1 PR 2

RN .

~,1n sterlle dlstllled water for six- hours were sampled and examined:.
1.. ' ’ N ‘ B ’ RV
Photographs from these specrmens were then able to’ be compared

-

w:.th those from the above-mentmned seedl:mgs, whmh had germmated

23 days pr:.or to samplmg.

P

)
VI‘I

Root Mlcroflora R S

Greenhouse and seedlmg root trps, prepared for electron mcroscopy

both at the root surface and’ wlth:m the root tlssue. In order to N

. * . e

determme whether these gtganrsms were present m the seeds hefQ‘re

coa . S
. Ce

the same procedure. , Several further mcperments were " set up to

determme 1f mycorrhlzae were present, usmg spec:.al stammg technlques, B

v R P .

\
and fmally to 1solate and culture mcroorgan:.sms from the roots of
. rr' ! ; L - :
greenhouse plants rn order to make prelim:.nary characterlzat:rons of . .. - .

the surface rh:.zoplane and 1nternal mcroflora.

[

(1) Mycorrh:.zal starru.& T e e e

P R

Healthy roots from plants ra:.sed rn t:he envu'omnent chamBer were
harvested and treated w1th -a KOH" and 1actophenol/ac1d fuschm




clearmg and stammg procedure (Berch, pers.comm) The fresh

roots were gently washed in dlst111ed H0 and then heated in,
) . >

o . 10% KOH at .approx. 90°C~'for several :houra, until the tissues. .
B :”_5 . . ‘ . i o
bedame ttansluscent. " The specmens were then washed in several

s changes of water, the 1ast belng ac1d;|.f1.ed Wlth several drops of

Iactu: ac1d and cut mto Smm lengths. : Washed root p:.eces were o

RN lactophenol \he old solut:.o moved to the cooler end of the
-sl1de unt11 th (iash was no longer ‘ 1gmented. : Treated spec1mens .
N - were then mounted Lilactlc ac:ud unde a cover" Sllp, gently T . B

s e e flattened to spread t\ tlssues and seale w1th paraffm for -,

observatlon“of hypal str ctgires. These wer then compared w:.th~ . -

g e s A

: (f):'- Detection of Muei;gel Layers

: Ruthen:\.um red (Lelser, 1963) was used to sta:.n“*roots from. a: ‘

vanety of sources. to determ:.ne ,the extent of muclgel 1ayers, ot

'present. thle root t:l.pS were treated from roots in the follow:.n "

T locatlons , o TR \ N

R B R AT R WE L B oo Hnsiags b et )



f".. S water for ten mlnutes, then fllterlng the extract through Whatman l

41
. .; o : IR T ' ’ R ‘LI. R ‘ o . ) i "I':'.“'g%

(a) envrronment chamber

a - ' (b) Witless_Bay and Baulrne bogs

'_ . (¢) -peat in“the-greenhouse

In all cases, ‘whole roots were cut at ca,’ Smm from the tip. and

- " , SRR :

- the spec1mens placeﬂ 1n dllute ruthenlum red stain (1 5000 aq.
L JUVRL T . (- — o
L j‘;_ solutlon).for several mlnutes,-then mounted 1n water;and pbservedn

c o N PR . . . -
N N L .. . M . ! -

.Y(éy Isolatlon and culture of root mlcroorg 1sms ) ‘f S }-ffcf‘.l
Root nucroorgan1sms from the surface and t1ssues of healthy
“711 roots were collected from greenhouse plants and were 1solated

and cultured usxng the procedure summarxzed 1n F1g. 5.

-lﬂ Peat extract agar was prepared hy b0111ng approxrmately 385g f
. i,

‘:f’ of commerc1a1 .peat’ (Sundew Peat Farms) in two 11tres of d1st111ed

i

frlter papers.-' The -pH Was adJusted to 4,5, 6 and 7 respect1ve1y
before the addrtron of Sg of N32003 and 20g of Drfco tryptrcase-'
soy-agar ‘to each.flask. ' The agar was then autoclavea and pourid

1nto plates for. use (D1fco, 1971) -" a o -{~
i L v

o Jensen 'S n1trogen free med1um for growth of Azotobacter specaes

(D1fco, 1971) was also prepared The followrng chemncals were }3.

N L i ¢ . S .
\."( B " o7 . ' . . _. . -

‘. ~:, :~‘ N d1ssolved in two 11tre5 of d1st111ed water'- sucrose (40 Og ), - ¢
K HPOQ (2 Og ) Mg804.7H20 (l (0]-4 ),NaCl (1. Og ) FeSOa (0 2g D) -
anc‘NaZMb04.2H20 (0,0lg‘). The resulting solutlon was div1ded .
V.o
i / \
(R ‘J:;/,-.a..‘.y..‘.n.'.(':“l.»\an-r' P DTY R LY 2 s & = 3y po3e
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"~1nto 4 x 500m1 lots in Erlenmezer flasks adJusted to pH 4 5 6' )

and 7 respect:wely before the add1t1on of CaC03 (lgm) and agar..

(Noble, ‘7 ng) to. each flask. The medlum was then autoclaved '_ o

: and-poured. All plates were 1sbelled w1th ‘the type of medmm

Ny ‘elght plates ‘then’ belng 1ncubated in’ the dark at room. temperature. :; o
) -for six days. These plates, however, became rap:.dly overgrown ' 23

"w1th overlapplng colon1es unsu1table for- 1solat10n and the procedure R BE

o used in the 1solat10n Were flrst autoclaved and stored under UV

,collected from greenhouse plants and mmedl.ately placed 1h v1als .

' of dlstrlled -water.

’The remamder of the 1solat10n procedure took place m the hood

N agar surface of one plate for each medlum at each pH, a total of - - R

sy . FIEY

and pH and stored at 4°C unt::Ll used "All materlals and equlpment

llght in a mlcrobmlogl.cal hood. Fresh healthy roots were

B

I

1th care bemg taken to av01d cross—contammatlon of platea.

‘_ In the 1n1t1a1 tr1a1 se‘yeral roots were placed d:.rectly on the

e a

was not uged in the second tr1a1 The rest of the root matenal B T

o was transferred aseptrcally to a pyrex maceratmg tube contamrng

a Vortex mixer to: loosen the rhlzoplane matenal and assoclated .

T off and added to a test-tube contaunng 9m1 of sterrle d1st111ed o

- water to produce a 1“_1\00 dllutlon.. Thxs procedure was repeated e

'to glve d11ut1ons of 1: 10 0,

N RS

9 m} of st:er:l.le dlstllled water and v:.brated for one m:.nute in

—— . R 3
mcroflora. One m1 of the result:.ng supernatant was decanted

1 10000 and 1 100000 fol ow1ng

¥
[
.

-
Ny

"




standar'dfpr'ocedures (Sal‘le,v.1973). For e;'cﬁ dilution, 6.1'ml.‘of.'.-

oo solution was- p1petted onto plates - of both media at the. glven pH “'

L A(elght plates in a11) and spread us:mg a glass spreader wh1ch was

lmmersed in ethanol and flamed beWeen platmgs. .The root tlssues

’..1n 1 ml of . stenle d:.stxlled water and the resultmg suspensmn

‘ transferred to a d11ut1on bottle contaln:.ng 99 ml of stenle dlstllled

i"twater and glass dlspersmn beads, to glve an 1n1t1a1 d11ut10n of 1 100.

‘-_The above d11ut1on and plat1ng procedure was repeated to: g;we el..g,ht'-
R plates for each of the four d:.lut:.ons of macerated tlssue.

X . : .
N 3 N .

.

) A11 plates were mcubated in the; dark at room temperature for s:.x

e

'days, unt11 wall-molated and deVeloped colom.es were v131b1e. ;

Durlng thls t1me, culture tubes of. Jensen 8 and peat e'xtract agar

A}

“of pH 4 5 6 and 7 were prepared as above, autoclaved and made :Lnto

[

S e Ty Py, S OT VY

slants for culture of the 1solated nu.croorganlsms and a descrlptlve ‘
" . table and key for deacnblng the colom.es was set up. ‘ Once colomal

. growth was sufflcz.ent, typlcal colomes were descr:.bed, asceptlcally

. :‘.p:.cked from the plates (under the ’UV hood) . and streaked onto ' ‘ "’-"
slants of the appropnate med:.um and pH whxch ‘were. then 1abe11ed
EEIN U Wlth a tode g:wlng the med:l.um type (A or P), pﬂ and colony number. .

P o . “-In add1tlon, slants derlved from macerated tlssue d11ut1ons were
N wo labelled M. For 1nstance, culture A62 would cons:.st of materlal

1
5

] I 'from the second colony sampled from a Jensen s Azotobacter plate of
: BT . pH6, umoculated m.th supernatant materl.al vﬂu.le culture PloMl

{

e Lo ' vy
b E e ‘Aremalnmg once ‘the supematant had been decanted were then macerated S
V . N . .

1

e e
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K would be from the flrst colony sampled from a peat extract plate of
leo mnoculated w1th macerated matenal.. The slants were’ 1ncubated

. m the dark at room tempe:rature unt11 good growth vas establlshed

' and then transferred to storage at "49C. 1n the refngerator to slow R ‘.

the ~growth. Once these slants had been obtamed from the fJ.rst .'

" .tnal, the process -was repeated to g1ve tv’o :cep11cates of the 1solat10n,

- . s .

Character:.zatmn of the Lsolated cultures could now take place

v v

K and prellmlnary class:.flcatlons be attempted The 1n1t1§1 step-
N Lo ' ri T T
mvolved preparmg alr-drled, heat-fn{ed slldes of all 1solates

for Gram stalnmg (Salle, 1967, Cowan, 1974) Sta:.ned slrdés L ‘- =

were read the Gram reactlon and. ce11 shape noted and’ the slldes

mounted 1n h1stoc1ad for future. reference. Slants dz.splaymg '

httle or no growth were checked usmg the stalned slm.des and those

: w1tl‘f no apparent bacter:.a present ‘were dlscar’ded | 'Some Gram-

,v

stalned"matenal was found to contaln rodg’ w1th numerous nycella, :
mdlcatlve of. J!ctlnomgcetes specz.es. ’l‘hese cultures Were set*
aside for add:.t:.onal tests useful :.n the 1dent1f—1catlon of. thls
'group;»- As descr:.’bed 1n Wlllzams and Cross (1971), cover sl:.p \
. cultures of suspected Actlnomyqetes were 1nnoculated allowed to "* ‘
grow for seven. days and observed for character:.st:.c structures.

Most of these cultures appe‘ared to grow poorly on- slants and an -
attempt was made to 1mprove the:.r growth by relnnoculatzng them |

1nto ‘the fluld medmm (Norns and Jensen, 1958) w:.th moderate success. .

In add1t1o‘n, catalase and. ox1dase tests as descr:.bed below, were

RPN
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- -performed on' these’ euitur'es. -

E All-'cultufes,' “except’ su‘spected'Actinoz}lycetes’ wer'e‘ then ‘carried‘

L 'through a testr protocol modelled after. Cowan (1974) to. glve some
;.nutlal hdata for characterlzatlon. o . l i .
.QThe followmg tests were performed'— o - —
) (a) Ac1d - fast sta:Ln (Salle, 1967' ‘deeni; 191;14)‘."" |
(b) Spore stam (Salle, 1967 .Cowan,. 1974)'. ",/ -
p . (c) Capsule stam, usmg 1nd1a mk. as a fast method g1v1ng.
p ' good results_ (Hodder, pers comm ) . '. ‘ . ’ ’ Vo
. ’(d) Catalase test (Salle, 1967 Cowan, 1974) |
(e) Ox1dase test (Salle, 1967 Cowan, 1974)
.(f) Motlllty and flagellatlon (Mayfleld and Innes, 1977) . .
' . o ) . ,;‘ . . Tt
K Reatlts from these tests were tabulated s0 that groups of cultures .
) ' dlsplaylng 1dent1ca1 pattems of characterlstlcs ~could be determlned.‘
By reference t;—a standar& mcrobtologlcal ‘test (Bergey, ]:974),
| “,' theae gronps were 1dent1f1ed‘ as. far ag pos51b1e ‘.
| R
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Crum (1973)

| site’l - ,".Baulin,e;«Li'h_é ,(47°42'N,52952'W) :

'._range of Hl 5-2 on t:he humflcatlon acale of Von Post (1926) -Thev‘

veget,atlon of the main. bog surface conslsted of hummocks of Sphagmzm

) Aand Plcea maria.na (M111 ) Bnt 3 were found growmg towards the edge ,

1. Fiéld 'Observat':ioné'

(19 Field: su:e descrlptlons SRR z /:..-1'

Vascular plant 1dent1f1cat10ns .are basea on Fernald (1950) and

Peterson and McKenny (1968) bryophyte 1dent1f:.cat:.ons are based on

L,

-

. _ :'ThlS ,bog was located approxmately 5km south-east of Baulme,,Conceptlon

'--Bay, runnlng along the easte.m s:Lde of t:he roadway. It was an

.

' ‘:"oln.gottophl.c. ombrotrophlc surface bog slopmg tOWaI‘dS the h111
-bOrdermg its eastem 51de w1th vegetatlon characterlzed by dwarf
'shrubs and Spbagnum The aVerage depth of peat was 2 3m, extendlng

','t° a mam of ‘4. 4n (POl]-Ett* 1968) w1t:h t:he surface peat in. the SR ¥

'\

- and low shrubs such a8 E?upetrum nigzum L., Xalmia angustifo,lia L., Ledum

groenland:.cum Retz»., , Vaccuuum angust.lfoliwn A],t-, and Andromeda

glauc&pﬁylia Link. Small 1nd:|.v1.duals of Ab.ies ,balsamea (L ) M111.,

of the bog as well as domlnatmg the low forest surroundmg it. Thls -

" .

' '.surroundlng area was typ1cal of the com.ferous forests of the Avalon :

a -~

‘?en:l.nsula, w1th spec1es such as Cornus canadensis [.., V.iola Sp., R

'Fragaria vesca L. ’- and Rubus J.daeus L under the low'canopy of comfers

¢ . . . L .
. . s
I - ol ot . e vl B B

. -,
B Y

-

~spp. , notably Sur fuscum, 1nter3persed with' mats of c1adonia alpestrzs (L) Rabenh'- AR

o Pt e



'.:_ cs and shruhs.'—‘ The transxtlonal zone. between the bog and the surroundlng '
- . ‘ -woodland was also of 1nterest, cons:.stmg of dense stands of Myrica .
2 ' gale L., SCJ.I‘puS sp., and Er.iophormn sp. 1n addltlon to the low shrubs ‘

-and mosses of. the bog 1tself.b 0vera11 the bog appeared to be wall- '- '

S 'dramed and possessed of a varled vegetatlou desp:.te its poor,nutne_nt'

R . . . . 5

i . ! :
! i
S ;

b Sit.'e'_,'Z,-_' - Colmet Experunental Farm (47012 N 5305'2 W)
- '_ The Expenmental)‘fa/rm at Co&met was part of a programme m bog

‘-'reclamatmn for agr1cu1tura1 and grazmg purposes bemg carned out by

[ NI SO,
N . v

"the prov1nc1a1 Department of Agr:.culture., The natural bog had been

¢

S v ML Nt ee i e D, Y -

’ N dra:.ned and grass cover: encouraged resultmg in. the reductlon of bog. ..
spec1es, especﬁlly R. chamaemorus L. The surface was hummocked but’ o, E
o well-dramed and therefore the growth of ‘mosses was dlscouraged Wlth- 1
R '-j.' A ) sedges and rushes dommatlng the htmnnock tops and grasses bemg found B R
. ';7“ between them. _ Where the ground was damp or dra:.nage was poor, o C
: Vaccumum spp., Empetrum m.grum L.,and R chamaemorus L., were found
s - . “] . R . o . ’ .
. Si',te. 3. - Do‘e ,H:.lls ‘(47938'1{,5}049'!&1)
.. . v * . . . N ,
. ThlS 10cal:|.ty, v131ted for collectlon of bernes “and rh1zomes, .
: ~;ﬁ was a fan‘ly weli-dramed peatland on t:he 1ower slepes of several hllls. '
f B ‘l‘he vegetat:.on was sm:.lar to that of the Bauhne slte, w1th mcreased
dom:.nance by erzcaceous shrubs and 11chens._ S .
E‘ ' ‘: .“ _. ’ ‘ 3
é : K - NG B o
%}' . o . ' o ! - ‘ ’ " .
Lz-- .-v'l...;‘,‘--..'\\-«—r”a\»" ba b AVt itk y .~..'1,a~‘ z . PRRE - e smen arim 4o e vt ars o e e ot I Ao e putie
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e eppeare_d: W%l?-"hunuf_:.ed ' (HS-A) .

E _‘sn:e 5 Lawn (A6°53‘N 55°28‘W) :

49 -

Site'd -, 'L‘i{:tle-' st, :'I;;awref:_ce ' ({46,°_5IZ.'N,5'5°20-'W)

<

This extens:.ve blanket: bog wag located z.n h:.lly terram approx:.mately

11km from L1tt1e St. Lawrence on* the Burm Penmsula (F1g 6) ' Vegeta— L

trcm consxsted mostly of grasses and Carex spp., w1th many er1caceous

lshrubs but few R. éhamaemorus L. The peat: was well-dralned and

e B . . o N . f o -

'This. loeality,‘-‘ approximately-Blkin'weet' of St. -La;rrehce, chﬁéiste'd’dfﬂ-‘

" a t‘n1n blanket peat over sem:.-exposed rock (F:Lg.7) wrth occasronal

o patches of thlcker peat. The surface was therefore uneven and vege-

tatmn scattered The peat 1tse1f consmted of two layers dlatrngulsh-

able by theu' degree of hlmu.flcatron. . The upper zone of- Hl peat

'-.-Sola.dago sp . and Sclrpus spp E were also present.

',‘.of Fartune. ) The bog surface -was’ s,l:.ghtly rolhng wrth some humocks &

' extended to 6-—10em at whlch pomt the ‘peat: became more hum:Lf:Led (H2-3), ;

coutmumg m that state for 15-20cm to the "rock surface. _ Jum.perus

B :,_coxmnum.s L. scrub predomnated m.th con31derable cover of Cladoma spp.
cin the dner areas (FJ.g 8) R. . chamaémorus L. 5 Carex spp s Chamaedaphne
» 'calyculata (L) Moench., Vaec.miwn angustifol:.um AJ.t:., Cornus canadensis

! L., Aster novae-belgu. L., Habenaria blepharidiglottis (Wllld) Hook .

e

L~

r

Site »6’-‘-“"*F:dr'thne""(46°5‘5;N3,5'5°6'_67'W‘)'. .

Th1s extenswe blanket: bog was located 7.0 k110metres east of the towu

several small pools towards the centre of the bog.
. % A : . '




Figure 6.

Little St. Lawrence;
humification.

determining peat

50




Figure 7.

Figure 8.

Lawn; bog and swrounding landscape.

Lawn; R. chamaemorus L. and associates. Cladonia
Juniperus are visible in the centre, Scirpus
caespitosus L. to the upper right.

and
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‘, % of HZ matenal to HS 8 at 30cm._

in. the aandy upper edge of the beach. :

g e e v L

Sphagnum, notably S.. fusaum,

. L
KR ".

rium sp. and Cladoru.a spp., formed the baslz'fsurface Vegetatlon.v
A 1ayer of low shrubs dom.nated by Jtmiperus communis L. and Empetrum
m.g.rum L. covered the surface of the hmnmocks, w1th the addltlon

‘R.. chamaemorus L. s Mynca gale L., 'and 'J:;edum graenlandicwn Retz.li L

Sedges, grasses and some scattered inda.v:.duals of T

r;er‘areas.

‘. arracen.za purpurea L., were found between hummocks. The peat was
. . P [N \ . 1. ~

deep, extendlng at: 1east 40cm below the surface and well—developed

'nvq'

‘Dramage was goczd and. the peat: was v

relat:.vely dry '_ N Tt RN
‘site 7 - k;gpepreeis (49"14"&',5‘39/2'1"'?:)“ .
This s1te, located at the westem end of the causeway between Cape

c- " -

Freels and South B111 'y was unusual 1n that R chamaemrus L. was found

Snuth of the road, sandy beach

-

graded 1nto a raxsed bog extenzﬁng back from the shorel:n.ne, w:.th a

marshy area at the mterface of these zones (F:Lg 9 foregreund F1g.10)

,a
e

On the opposlte sme,‘, t‘ne bog was replaced by dry meadow vegetatlon
con51stmg of grasses mlxed wzth typ1ca1 weed specles such as Taraxacum

5 .
Ve . -

sp., H;eracium sp., Matricaria sp andsothers but no R' c:hamaemoms L.

.

(F1g 11) The beach vegetatlon was typlcal, w:Lth Potent?llla a.nserina

L., aMe.rtens:.a marit.zma (L ) S F Gray, Rumex crispus L. and varlous

grasses present 1n scattered clumps (F:.g 12) '. The mtermed:.ate area

supported a mxture of these vegetatmn types on a: sandl so:.l substrate, L

I

e T

w1th the occas:.onal 1nclus:.on /of Rhacomit— v

'
r_- \ R T

‘w1th a steady gragiatxon from 2-3cm of Hl S,phﬂmum peat through 20cm 2 ;V‘

o A Ly

SRR

i

Mo A e it

Ao .
B T N A VN S




Figure 9.

Figure 10.

Cape Freels; bog-beach intermediate zone.
Large hummocks are characteristic of this zone.

Cape Freels; hummocks in bog-beach
intermediate zone. The ground between these
hummocks is marshy with many small pools due
to run—-off from the bog in the background.
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Figure 11. Cape Freels; meadow-beach intermediate zone.
The transition between meadow and beach is less
distinct, but some low hummocks are visible.

Figure 12. Cape Freels; beach vegetation. Potentilla
anserina L. and associates typically grow in
isolated clumps.
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and‘ Vacc:.nium Bpp. F:.g.l? shows the bog surface.

a0

4.\‘ . . ) Lo S .,. . . . ".;‘ - :”,. ) ) . . _.l v '5~5 ;-'-“.. v-"l ;
N T B w:.th R. chamaemorus L., Carex spp., and Sphagnum 8pp. :Ln the e !
. ; & e ',‘poorly dramed hollows where water could accumulate (Flg 13)4\ bn the o :
i bog edge south of the road R chamaemrus L, was found prnnar:.ly in the .
e ‘ : » o
i' S marshy zone, apparently a rin-off area for the ma:l.n bog.~ It was, g AP
N ; character:.zed by hununocks up to 2m 1n d:.ameter and i hJ.gh, cons1st1ng \ o
‘ - of graases, Ledum groenlandlcum Retz., Kalma angustifol:.a L., and S q
%\ . s ’§
3 : Vaccinium angustifollum L. 1n add‘.\.tlm to R.chamaemrus L. (Fxg 14) ‘ % ‘
L ‘ R Between these hummocks Sphagmzm .ﬁusaum 'and Iris versicoloz' L. . ‘% -
e T dom:.nated (F:Lg 15) The %rverall topography was flat and dralnage co g
t N . T
Koato L. : v B : | . K A . :l N
: - was.,poor.-_' el s S . B B
A . “8ite 6 ~ Indian River (1.9°os'n,53°38'm S
A Th:.s blanket bog was. part:.cularly notable because of the depoaimon of ‘ ,;}f .
. \ VT mca in th?tg?layer of 'bphagmmz, most likely or:.g.tnat:mg 1.n the : ’,é/
w - L e ‘:'i '.
gran:Lt: gnelases common 1n the area (I’rice and Douglas, 1972) The ‘ :
‘ “
. . s X
. . peat 1tse1f was shal’low, from 10-15cm, -and. overlaxd large rocks wh1ch g -
o . . T ¢
I S T L made -t:he surface very uneVen and hummocked (F:.g 16) ' Most of the peat was ‘f
e Lo barely decayed and would certamly be no more than Hl. - The vegetat:l.on %
. . ‘ i
E '-consx.sted of s‘cattered grasses and shruba such as. R.. chamaemorus L., ,f.i
. ‘H2o
. g
E . :'Empetrum mgrum L., Ledum groenlandicum Retz., Dalm.ia angustifollum L.,
Nt
N

o Sicé“9,i- 'Sa'n-dy Cové;,fbgo’-rslami; (49:039‘§153°§97m e / R
: :“'I‘hls &as ‘one of the few ra:.sed bogs 1qcated on’ the coast of ’Fogo Island R
ey o

“"‘vmost: of ‘the 1sland being dom:.nated by low forests and grassy marshes S A

St '
. : v e h :
: not su:_ ble for R. chamaenprus I... The bog was uneven but hummocked,
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Figure 13.

Cape Freels; R. chamaemorus L.
soil/sand substrate.

on
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Figure 14. Cape Freels; R. chamaemorus L. and associates
on hummock in bog-beach intermediate zone.

Figure 15. Cape Freels; Iris versicolor L. on side of
hummock in bog-beach intermediate zone.




Figure 16. Indian River; area view. The bog surface is
broken by large underlying boulders, as in the
lower left.

Figure 17. Indian River; bog surface. The upper layer of
Sphagnum is heayily encrusted with mica.
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wzth good dra:.nage (F:Lg. 18) .. The vegetat:.on cons:.sted of Cladonia ° '

and other l:.chens, Polytrichum Bp., and Empetrum m.grum L. throughout

e
patches of Sphagnum.spp. and scattered shrubs such as
¢

Ledum groenlandlcum Retz. v KalmJ.a angustifolium A1t.,vaccmium angusti- )

: wi-th -occasi

folium A:Lt.:V- oxycoccos L, and V.. ulig.inosumL; (Fig 19) Eriophorzmi

angustifollmn Honck., ‘Dz'osera rotundifol.za L .r R. chamaemorus L e Carex

.

spp and grasées tended to be restrlcted to t:he tops of the hummocks o

(FLg 20)

"s'i,t‘e 1‘(')"’-.:_.Pihst:'elet"'Ba"y (519_32'_*'1&',5594'2'W) SRR LN
‘ Thls ralsed bog, . located near P:Lstolet Bay Prov1nc1a1 Park, conta:\.ned

several central pools bordered by Carex spp.' Beyond these’ pools,

e N s )

the sutface was somewhat hmnmocked and wellﬁdraz.ned, w1th a rlch flora . ‘

(F:.g 21) Polytnchum spp, and snme Sphagnum spp were found :m
scattered patches but t:he dmm.nant spec:Les of the ground flora ‘were

: Cladonia spp. and Empetrum nJ.grum L. ' Kalmia angust.zfol.za L. ’ Ledum

groendlandicum Retz., Vaccinium angustifolium Al&- ’ V. uliginosum L., ’
. and V.. oxycoccos L.vwere scattered throughout the bog (_F:Lg 22) gSmall

1nd:|.v1dua1s of Larzx lar:.cma (Du ROl) K. K0¢h JUHiPEIUS commum.s L»,
P )

Mgrlca gale L., and Betula spp. occurred around the edges of the bog

(Elg 23) The peat was fau‘ly dry w:Lt:h a hum:.flcat:.on of H2-3 at

the surface and: for approx:.mately 25cm below.. _ ‘ ) RS

'u,‘ . B K o N . -

"o o . . . M M ‘.

S:Lte 11 C= Sh1p Cove (51 33 N 55 38'W)

Thls was a ralsed bog of appro:umately 10 000m"Z ly:mg about. 20m from

\-4"




Figure 18.

Figure 19.

Sandy Cove, Fogo Island; area view of bog.
The bog slopes downwards towards the coast on the
left.

Sandy Cove, Fogo Island; surface vegetation
dominated by Cladonia and Empetrum nigrum L.
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Figure 20.

Sandy Cove, Fogo Island; bog edge.
Hummocks of Carex and grasses, as to the
left, characterize this area.
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Figure 21. Pistolet Bay; dense growth of 1ow
shrubs on bog surface.

Figure 22. Pistolet Bay; R. chamaemorus L. with associated
bryophytes and Ericaceae.
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Figure 23. Pistolet Bay; low shrubs ad conifer

commu ity at bog edge.

Figure 24. Ship Cove; area view showing dominance
of cladonia (white).
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‘Idthe shorellne on the outsk1rts of the communlty of Shlp Cove (Flg 24)

Topography and draxnage were uneven, as evxdenced by the presence of

) 1rregular wet and dry areas w1th1n the bog (F1g 25) : Althodkh the— \'I

peat was not espec1ally deep, reachlng a maxlmum of SOcm,, it was

K - 1nvthe early stages of decomposrtlon wzth ratlngs of: H4—5 at 12-20cm

- e

\ -

- H

'site, Wlth numerous R. chamaemorusL. (Flg 26) The Wet areas ware

e I D oA v e

domlnated by Carex Spp., Myrlca gale L.. and grasses, w1th few d";
,' F R
. e ' R., chamaemorus L. Dwarf shrubs and conlfers bordered these areas.

-

[N

e Site 121'— '1.1'- an"se—au-Me'adbws '('51°’22‘N;55°,éo'W)_ -

Thls large ralsed hog clrcled the L'anse-au—Meadows arehaeolog1ca1

"

*

"-of grassy meadowland w1th Cornus canadensis L., Hierac;um spp., and

’ Taraxacum spp predomlnltrng (Flg 27) Vegetet1on and topography f

) were 31m11ar to the prev;ous two sltes, except that draznage was -

S S UNPRpI

T d'_\' : ~811ght1y reduced and the peat ‘was. correspondlngly damper (Flg 28)
o 0 AR . N Lt

Csite 13 - Gr1quet 61 27'N ss%28) .

At

e ft_ Thxs ralsed bog extended for approxrmately 100m on’ both sxdes of the

‘-f;fi . seen in- Sltea 10 11 and 12 was delfled to lnclude a greater cover

Sor . - Tl

",of Sphagnum spp.~and erlcaceous shrubs. R. chamaemozus L. -was

T numeyous wherever the shrub cover'wae reduced (Flg 29) <,"j Co I

\helow the surface. Dry areas were 81m11ar in vegetatlon to the prev1ous

s1te to the southwest and east.h‘ Beyond the bog, vegetatlon con81sted g“‘

roadway.. The surfaee ‘was: hummocky ‘and wet, 80" that the baslc vegetatlon o

T [

R

i oy ya




Figure 25.

Ship Cove; variation between dry (foreground)
and wet (background) areas. Carex and Myrica gale L.
dominate the latter.

Figure 26.

Ship Cove; R. chamaemorus L., Empetrum nigrum L.,
and associates.
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Figure 27. L'anse—au-Meadows; bog margin and
adjacent meadow.

Figure 28. L'anse—au-Meadows; surface vegetation.
The increased growth of Empetrum nigrum L. and
R. chamaemorus L. indicates a damper substrate.
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Figure 30.

-

Griquet; R. chamaemorus L. in fruit in
open area of bog.

L'anse—au-clair;
central pond.

area view of bog and
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©: Site 14 ~ L'anse=au-clair (51°25'N,57°02'W)
' ~-Thié site cons'i'sted- of a h Eky i:ei'sed' hog"aui'roundin'g 4 75m x 25m
i ‘pond 1n a valley area O. 5km frdm the communlty (Flg 30) The bog
"i"»e:&ended for approxlmately 20m beyond the szdes of the pond and 50m
, -'beyond the enda where 1t graded L’nto a low conl.fer ;forest d0m1nated
T & :by AbJ.GS ,balsamea(L.) M111.. A vanety of" 1iehens and mosses 1nc1ud1ng <
: 'Sphagnum spp., Rhacozm.tr.ium spp., Polytrichum spp., and Cladom.a spp. .
' ' were.present. R Most of t:he ground cover, partlcularly on the hummocks,-_"
v o . S
i Lo > cons:msted of Empetrum nlgrum L. and Cladonia spp., W1tL1‘,scatt:ered dwarf
N ' i .‘_'Lanx J.ar.zc.ma (DuRo:.) K.Koch, Ledu.m groenlandicum Retz., Vaccinium oxycoccas .
o L., and V. uligmosum ) (Flg. 31) Carex spp. dom:.nated the
’ o vegetatmn of the pond edges. ‘ The peat was very damp, becomng dr1er
- 1n the areas further from the pond (Flg. 32) ,
. s site --1'5. = "Fo?:,téau (5‘102'6'N,56°.68'ﬁ). ;
' o Th1s ra1sed bog of approxunately 20 OOOm was located on a terrace (SR
{ . K L Do
f - ' o above Forteau Brook (Fa.g.33) . The surface was flat but dry channels
1 . w 0 5=1. Om deep and 1 0-1 Sm wl.de transected the entu:e bog so that it '
;g : . ﬁ:' cons;sted of :eregular hummocks w:.th flattened summ:Lts up to several ‘. o
% metres in d:.a‘meter (Fl.g 34) Polytr.ichmu spp. and Carex app. greW\—:" .
J} - AR TR < ) t:he baaes of the channels' Ledum groenlandicum Retz. and o e
, ‘ a v '. R. chamaemorus L. On theu' banks (Flg 35) The vegetatmn of the R
: s, = C surface wgs domnated by Empetrum nigrum L and c'ladonia spp., mth o
. Lt
[ .
¥ : : some add1t1onal mosses and shrubs as in- the prev:.ous s:.te.' Dwa‘rfed ';r ,
. ) T r;- . " e
" RS Yo : ’ i .
" v : .
N v

e i sttt i
P




Figure 32.

L'anse—au-clair;

R. chamaemorus L.
associated species on hummock.

L'anse—au-clair; increased growth of R. chamaemorus L.
on drier peat upslope from pond edge.
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Figure 33. Forteau; area view of terrace above
Forteau Brook, with bog in centre.

Figure 34. Forteau; channel and hummock system.
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L N - :‘:‘I- --,- : ) l'-':-i:
Forteau; vegetation of channel system.
Polytrichum and Carex dominate the channel base.
The bank to the upper right is dominated by
R. chamaemorus L. and Eedum groenlandicum L.

Figuré 35.

Figure 36. Capstan Island; bog surface with fen
pools and extensive growth of Carex.
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R Site 17 - "Rea‘n'ay -'(51°1;&'-n',56°4‘5~'x}1)_j- o S

~-spp., R. chamaemorus L. and.comfer shrubs. -

~“This bog uas one of t:he few located :.n the RZd Bay—meare Rwer area,
emce the nelghbour:.ng landscape was domnated by barren h:.lle and

: ) A
deep valleys unsu:.table for bog development. 1t ‘vas approximately

‘ Red Bay. The bog surface was. much more even t:han m t:he preuons

con31st:ed of almost totel cover by Empetnm nigrum L. and ‘some patches

. . . [
i -
rrsr % s A o~ gy g Al o - " . .
B e O i A i P A T TRV D P B D e R N AT AU I IR APy o

i

y

e

. nKalnua angust1fol:za L wds also present. , Poss:.bly due. tc the . channe]s:.ng,

R

[

"Th:.s site,- located on the plateau above Capatan. Island was a l.arge, .' \

I

. ‘lrregular ralsed bog with. lnclunons of fen- peols and Carex-dom:.nated
veget:atlon (F1g 36) ; Hummecks 'of Sphagnum sppf Polytrichtm spp., .' 5 "' o
o '.Rhacomitnmn spp., and cladonia spp. where the peat was deep and well—

‘ deve loped (113-6) were located between the.se Wetter areas. chamaemo;'u.s

L

’ L. and Vacc:.n.wm uliginosum L. were partx.cularly abundant on these

'hummocks, 1.n add&xon to less frequent spec:.es such as E‘mpetrum

mgrum L., Lédun groenlandicmn Ret:z., and Vaccmium oxycoccos L. '_ \

' The drier bog edge was covered wz.th stands of Myrica gale L.,Betula

PR

L

-:J.

- 40, (lO()xn2 and located du:ectly on. the outskl.'rt!s of the conmunity of -

3

Labrador sxtes wu:h lx:t:t:le hv.mock:.ng (F1g.37) Surface vegetat::.on

'of 01adoma spp (F:Lg 38) w:.th scattered clumps of Vaccin:.um‘ uliginosum Li

B
s

‘-and Ledu.m groenlandicum Retz.-- Low Juniperus comunis L. and Lo - SN

' Si:t;e:lﬁ' - qapstan' IelimdC'Slo34'N;56‘943'W.) L

g _:'the .peat was generall§ dner and less hum:.f:.ed than ,m the prev:.ous 81te. ‘ .j .

.t e g
s




Figure 37.

Figure 38.

Red Bay; area view showing limited
hummocking of the bog surface.

Red Bay; surface vegetation, dominated by
Empetrum nigrum L. andCladonia.
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‘ Empetrum nJ.grum L.‘and typlcal bryophyte genera predommated w1th‘ R

site ‘.19" - Tinware Ri’y‘er' Telta -(51""'3.;7:' N,séf’és ",

j Thls large complex bog was utuated at the mouth of the meare R1ver v - ie

. Valley. .' Bog pools were scattered throughout the surface and drainage ‘
was generally uneven (F1g.40) The surface vegetatlon cons:.s ted of . ,;
Empetrum n.igrum L., Polytrichum spp., Rhacamitrlum 8pp. and some _ .
Sphagnum spp., w1th cons:n.derable cover of shrubs such as Vaccinium

‘.angustzfo:lium A:l.t., V. uliginosum L., V,' v1tls—1daeaL., Kalmia /
",'angustifol.ia L., Ledum gz'oenla;'zaich Retz., and Juniperus commun:ls L. |
y (F:Lg 41) . ' Clumps of ' Ca.rex spp., DJ.apens.ia lapponica L.ﬂand grasses

; were largely restncted to dr:.er areas. ‘ Peat development was good

:S:lte 0 - French Cove, Grey Islands (50 40'N 55 3S'w) A R 4»’ .. L

..'Jl’hz.s large blanket bog, approx:.mately 1km leng and 200m v'n.de, c:.rcled

ATV ATSF RTRIIIIN LS R M ria) s el QA S § T S e e . .
¥ IR ! el e K e I e AL L L i P [ S

*

7

Verlcaceous shrubs bordered the bog but only a few stunted con:Lfere
prere present. N The peat ‘was dry and poorly developed from H2—3
« ! '[ . A. . .. ; . ) ) N ’ R : 3 I R
o Site 18" = Cét Countyiliroolé (5'1.943'1\1,56%5.'W) A

Th1s\s1te waa a small bog located.m a stream valley 'between P1nware e e

’...

\(egetatl.on and peat‘develOpment .s111/lller to-the previous s:.te. K

v""

o

o T

= the peat bemg well-atrauﬁed and decomposed (H4-5) ,' o '__':Z.. ST

LN

. . . . oL R .
e . s X L . , —

(.

‘the cove. betWeen a belt of A.lnus scrub at lvach 1eve1 and the zx}ore “

) N
‘ . . . - - o . 7 <o T B [ I T
o P . S . . - . . W
. . LT - - " . i
- LY ) . . . D
n R , . . . . . S . . - . LN o -
- . .
v - . )
K] '
K
L .
L9, .
)
. 2
s
- R e . ot

" Rlver and Red Bay, surrounded by mature con1fer forest (Flg 39) S T e



Figure 39.

Figure 40.

Cat Country Brook; area view. The
surrounding vegetation is markedly different
from that of the bog.

Pinware River Delta; area view
showing bog pools.

i
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Figure 41. Pinware River Delta; R. chamaemorus L.
in association with Empetrum nigrum L., Cladonia
and ericaceous shrubs.

Figure 42. French Cove, Grey Islands; western edge
of cove, with bog in foreground. The reddish
color is entirely due to senescing R. chamaemorus L.
leaves.
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.barren hl.lls behlnd the cove (Flg 42) The bog sloped upwards towards -

T the h1lls -and grass 1and around the abandoned settlement ta. the south- - _K

, east but was otherw:Lse ‘of unlform gently hmnmocked topography.

;,-; ~R. chamaemorus L. accounted for close to 1002 cover over the bog

N surface, mn:ed ,WJ.th farr‘lf’ contmuous cover of Empetrum nigrum L. and

"Cladonia spp. (Flg.'l&S) Only a ve\ry few scattered enoaceons shrubs

N

E fa:.rly m015t and was. less than 50cm deep zn most :Lnstances.

":',

A "- Slte 21 Parson 8. Pond (58 00 N 57 45 W)

Thls 1arge blanket bog. extended for several kllometres along the
' “ X

shores of Parson 8 Pond (F:.g 44) ' The surface showed well-developed

’ f‘hummocks and hollows but peat was generally shallow (less than SOcm),

l

. dense, and Well-humxfled (H6+) Hummocks were dom:.nated by Empetrum
higrum L., Er:.ophorum angust.ifolium Honk., Sciz'pus spp., C'arex Spp

" and 11chens 1n addltlon to some moss development J.n patches. Low g

)shrubs such as Mgrica gale L. Ledum gzoenlandicmn Retz., i Kalmia

T angust.ifolia L., and Vacc.inium spp. were preaent, aa well as scattered

o

A sunnnary of. the

- ’mone :meortant charactenstlcs of these 81tes is’ glven in Table 2. .' ©

. ,stands of dwarfed Picea mariana 0{111 ) Brlt.

4

L (2) Autecologz and’ development of Rubus chamaemorus L‘ B L

(a) Flowenng

.Data ‘on flower t1mes and development 1s largely drawn from observauons

: ".m Baullne L1ne Wltless Bay and the greenhouse, 51nce most other bogs "

o were v1s1ted during t:he fru:.ting per:.od.. Flowering at Bauline generally o

- . oLt o - .
oy , PR . B B
B . PR . P2
¢ i L | P

. PR ‘
T . L
, S,
(\.‘. o
s
)

s were otherw:.se present. The peat was poorly developed (H1-3) although '

5




L

Figure 43.

French Cove, Grey Islands; éurface vegetation
*dominated by R. chamaemorus L. and
Empetrum nigrum L.

Figure 44. Parson's Pond; southern edge of bog with
well-developed hummocks and stands of Carex
and grasses.
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- TABLE 2T
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L - [
Srmm AT R

A

79,

L .

- Swimary of key ‘site

characteristics from field ébservations. .

"|. Status of: -

Rubus .

_ chamaemons L~." o

‘»"Sites': .

Peat

IR Topography|

brumi £1= |

o c:atlon :

Dominant
‘Jege tatmn

2

1. "P'oc;i: L

(<10 berr- '

\' 1es]m 3
20-40..
shoot:s/m2

‘7

1. Baul:.ne |
7 Cape J?réels

8 Q‘nd:.an . N
N Rl.ver
;"9. ,San_dy .
e Coxgé.v .
18 Cat
2 :County
Broqk _

h

Sand-

|ELs2

. Hl .’ "l"‘; .: ‘

- | E1

|2

' hummo (_':_ked

uneven 5
rocky

hummo cked

Clowl

* himock's -

T.y

Erz.caceae / Sphagnum/
Cladonia D
Cyperacean]Sphagnum/

G‘ranu.neae :

Er:.caceae ] Gram:l.neae -

‘Empetrmn/ Cladénia/ -

» Polyt’r:.chmn '.‘
'E,mpe_t:pm_]CJ.adgn,:l_.a L '

2. A’verage

PR I
(10-25
- Werties /mz' :
=50 - .°
' .shqots__/m,z,)‘

. 6.Fo‘-i‘t1j.ne' NS

10. P:Lst:olet

134 Gnquet X
114,

' 2.—" 'Collnet
"4 thtle St.
Lawrence '

i' 5. Lavp )

Bay,

A anse-&u
. cla:.r

15., ,,I{ort:eau
“ Capstan. °
Island -
e ~Rﬂd Bay .
mea.re': g
.River
".Parson's "
. fPond.‘ '

+ | m2-3

‘EZ.Z'_-BT' '

| H2=3,

i
H3~4

‘ H2—8 )

s
'H2j3

H4-5

H6+ .

B rocky: ..
hmmock/ o

¥

hummocked'

...’" e

“uneven,-

poo],

‘||‘.».!l' Lo

_channe l/ o

1. “humiock .

: 'Hdimnocl'c/
' pool

low”

) ,hgxnmoi:ks g
‘humock /

pool -

' humocked

%qmipc,ké& ’

'fEmpetrmnjCladonla a

'y«‘CyperaceaejGram::neae o
Cyperaceae, ]Gramlneae/

Er1 caCeae

\A' .Junlpems I Cladon:.a

Sphagnumy Jumperus/
" Empetrum.

] Caldonla/Empetrum :

'Sphagnum/ Erlcaceae

= Bryophyta / Cladonla/

Empetrum

g ‘.,Bryophy_ta[CIadon'i.a S

Empetrum] Cladon:.a ‘

Empetrmn/ Cyperaceae/
Er:t.ca.ceae ) L

(>25

-bem.es/mz' '

Excellent . "

. 'Doe H:Llls .

SIU) Cwe

i H&-S}J‘:‘

. SIOping- :

. uneven v

i
. €1 adonla]Empet:mm/

‘:Sphagnum/ C?tadopla /

En,caceae o

o e e <o

[

. ‘_Enxpetrmn]Bryophyta R
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June 27 that1 numerous females had opened Many 1nsects weré present

~

dur:.ng th:.s penod, 1n partlcular. specxes of Formz.cxdae and Syrphldae.

Ants were oft:en found on ‘the floWers, apparently :Eeed:.ng from t:he base

‘
.

.,/ ey \ Cj "

of the. petals, where nelctarz.es we're subaeguently seen :Ln microscop1ca1
. exam:.na’t:.ons. By July\ 18 ‘most flowers had elther developed J.n.to

- mature ‘berr:.es or. dr:.ed‘ up, w1th the mc:.dence of undeveloped female
o flowers reach:.ng 70:-801. '4; ', ‘ . R az : E
‘Flowermg occunred in greeﬁhouae t:ransplant:s only 1n thelr first )

. d,v' .

C season, from floral buds wh:.ch had¢ developedipn.m: to transplantatwn.- N

v -
]

No new buds were produced :Ln any greenhouse plantn,\despz.te successful

.o

vegetat;we deveIOpment, even after cold-shock trea.tment:., Reco,rds of

’ A w»* Vi iy e P PR - o / - : j e -
occurred from 2-3 weeks after the hog had thawed. In 1977 and 1979 '
. flowermg had occurred by the flrs't weﬁk in- June, contrasting w1th a’ -
, relat:.vely 1ate flowenng in the second wé*ek of July 1978. .‘ ’Tha.s .' . ’
e c:o1nc1ded wi th g fa:l.rly long wmter, m wh:.ch vthe ’oog su!f‘ace z:emamed
) fr52en unt:Ll early June. ‘ Male flowers et Baullne, as m other bogs \
i studled opened approxxmately on.e week'prlor@tcﬁ the females. each year, ,
- w1t:h some overlap.‘ i . A":,*I E ‘;:" IR 'f.-_::'“-f < '
h ' R RS ‘ . : ;.:‘ - - N e
Dur:.ng 1979 more deta11ed observat:.ons of flower development were :
, o ' made on the more produot:.ve bog at Wltielss Bay.i Open male J".l‘owersu
. - Were f].rat observeci on: Ma.y\23 and began to absus -on Ma)r '31.’,-: At
e th].e‘ txme sev'eral prema'ture females Wete noted but. '1t: wefs‘not ,unt11 :
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to compﬁ 1w1th nataural flowermg and are presented m Table 3

t

Nad " ‘ . "
Twenty-Bur flowers were produced from May 24 to June 14, cons:.derably

> )

'w.

“

average of fourteen days. As shown J.n Fig. 45, rh:.zomes coll@é’ﬁed

. -

took place from erght to- n:meteen days after transplantatron w1th an

earller than at Ba'uhne and .extendlng over a longer pe'rlod Flowenng e

SN

la.ter 1n the season tended to flpwer more qulckly once, they had been
transplanted. ) Male and fema.le flowers developed at’ approx:.mately ‘ . § { .
the same average tlme, 13 4 and 13 5 days after transplantmg, w:.th : R
.10 males a.nd 14 females produced Of these 70 87 were tetramerous,
25 OZ were pentamerous and 4 27 were trlmerous, relatrve frequenc1es
rema1n1ng slmllar for males and females. )
..‘, (. : e : ~"‘;l S , Lo L :'“ ,\ v ;
(B) ' Frxiit Dev'elopment;. ' - - ;
. Toea e -
The maturatlon perlod for berrles tended to overlap wrth ‘the flowermg . f :
R
', perlod of female f.lowers, w1th the flrst berrles found from two to o J(
E four Week.s after the last female flowers had opened ] ;Mature frurts = :
N ‘ . ‘- .‘ ‘
Were f:l.rst noted at’ Baulme Lme on August 18, 1977, July ‘20, 1978 and ‘
July 18 1979 and -at Wltless Bey on July 18 1979 ~
} .‘\3' ) \. ) ; .
|
, e
.‘.‘* e
g . R
« U ~
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S e e - - :‘v_‘j,
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" Table 3. .

Date,Colleé

e

Flowerlqg data for rhlzonws collected durlng 1977

ted: Date of Flowering: .

 May 12
17
May 17

S May 12

C May 17:;]

C May 12 T

May'12

May 18
«May 17,

MAyI17"’

B May 17
May 18
:May 17

May 18
‘ﬁay;BO

‘;_ Juﬁe ;i

© June 2

- “May 30

'May 30

- May 30 .-
) A May 30

Mhy 31

" May 12~

. May‘EA

" May 26
May{§7'
May 30
May ‘30

- yéy 50

ﬂay 30 ..

May 26

R ~May 301-1

o May 30
June

June ]

June’

‘June

1
2

 qume 3
e
6

"Jﬁﬁe 10
~ June 10 -

.. June 13
- June 13

.+ June 13 -

,'June,1§

Juné 13

June 14

. * Treated with indoleacetic acid’in lanolin

Ton
._"..'} dos ;

‘Details:

Mﬁie; tetramerous

" Female, pentamerous#:

‘Female, éétramérous*

’ :Fenmle, pentamerous*

S

2 nmles, tetramerouS"

Male, tetramerous ___.~’

Female, tetramerous*

Deformed male,.tetramerous

Male, pentamerous

Male, tetramerous

Deformed male,.tetramerous

Fenmle, tetramerous*

‘Male, pentamerous

"+ Female, tetramerous* .

:Mhle,utetramerOus

'gFemale, tetramerous

‘-'Fenmle‘ tetramerOus

",Male, trlmerous

,fFenmle, tetramerous,v

Feﬁale,-tetramerous

Female, peutamerous

' Female, pentameroua

3~Feﬁmle,‘tetramerous

~

P
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o effort is’ expended m harveatlng and retalllng the bernes e:Lt:her L

3o e
.

' s:.tes shcwed average berry den51t1es and tended to be v131ted by

o

" Fruits: were collected from Doe Hills on August 11, 19773 -_Berries._

were found at all sites examined. in August . 1978 and in mo-st.

‘cases had heen rlpe ‘for some tme prevxously, as the’ areas had -

s

already been p:.cked over to- an apprec1ab1e degree. -Generally, .

berr:.es were at the same stage of deve'lopment in the Great Northern

Penmsula antil Southern Labrador altes although they were v1s1ted

two weeks later than the more southerly s1tes', 1nd1cat1ng that S

Iy

thelr develop nt is. somewhat delayed.. Berrxes senesce a;: the _

. same tJ.me as’ he leaves and usually fall by late September. o

<
" T~
'

Product1v1ty was often dlffl.eult to quantxfy because of the \meVen

harvestlng pressure and was ttrerefore only suhjectlvely assessed.

S:.tes were classxfled ‘as poor (<10 bernes/mz), average (10-25

berrles/mz),\ or excellent (>25 berr:.es/mz) Sltes 1, 7 .8, .9 and;

}8 were poor areas. Excellent s:Ltes mcluded s:.tes 3, 11, and

[

20 S:.te 20 is espeexally well-known to resldents of the area

: who report that thousands of 11tres had been harvested from“ the _—

bog in good seasons, desplte 1ts 1naccesslb111ty. All ot:her

res:.dents on a’ regular bas:.s. In "general,. Cape St. Mary s, the )

: Fortune/St. Lawrence area and St. Anthony]Seuthern Labrador are .

-

l‘“_

--consldered to be productwe areas by rendents and cons1derab1e s .

' -through- firms such as 'Brdgood'",s _or on an 1nd1v1dua1 ».basls (F:.g,%)-. -

: LU S it e
Larmne 01 s o stmemap e - o , et :

ata mate o,

B O T I

- P . e
i wecotat s s 2. mb1a e w0« i i asy L D
L K V- .



Figure 46.

Bakeapple seller, Lord's Cove. Picking and
selling bakeapples to passing motorists is a

common source of extra inceme, especially for
school—-age children.
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'productlv:n.ty classes. The mm)ber of falled flowers -was hlgher at

f
i Baulme I..:Lne and W1tless Bay dur1ng the hot dty summer. of 1979- -

) seen grow1ng near the town but not frultmg. Accordmg to res1dents, .
SR ,these stands normally produced harvestable quantltles oftfrult Sy '\,

' but were unproduct:.ve that year Hue to a aevere late sprmg froat.‘ .
‘At Baullne Lme and Wl.tless Bay, most vegetatlve growth of

'<‘mature in August i&w aerLaI shootL with small leaves Were produced T

,‘31n great numbers aud new rh:.zomes extended rapldly.. By 1ate

’ment, dlffe,rmg from wild pOpulat:Lons in hav:.ng longer durat:.ons '

L " ! i i'.
-~ ) 3 - . r”ji ' - .—'-] - :‘ : K - '-"'18-
3
v X ‘ , 1,
o : b
‘ . . . i - o _ L
: / i o A
i S -
5 i | . 86 '
Succese of fru1t1ng appeared to be 1ow Ln poor bogs, w:.th a o
consxderable percentage of the flowers rema:.nlng undeveloped =
:whereas few undeveloped flowers were noted in- the other two R .

N _“,,

Dunng a v191t to Goose Bay id the smnmer of 1977 ba.keapples were - 'K i

i

o
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(c) getatlve Development S . f'-‘- N ’

s

. R., chamaemorus L. took place after flowermg had been completed
4

and berr:l.es were matur:.ng. : Immed:.ately after most berrles were .
1 . . o, N

September all aerlal leaves 'had wi.lthered and deVeloped fall

colouratlon, although most leaves d1.d not detach fpom the stalk.

. Floral buds for the next season ‘were v131b1e at the shoot baseL '

Very lz.ttle vegetat:.ve o

st below‘c\he surface of the peat.

growtheappeared to- take place dunng flower development except

N for the unfold].ng of leaf buds Just prlor to flowerlng. o L o
Greenhcuse plants showed & similar. pattern of vegetat:we develop-» PR ! :
‘ Lo

-
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) correspondlng o nearly 95% cover,. o In genera.l

'the same season.

. harves te'd--

' in’ November and December. _

1979 and growth contmued throughout that year. S - L J

wr
o

for most stages of g'rowth and a longer l&'owmg ‘season overall.

Rhlzomes transferred to the greenhouse throughout the summer of‘

1977 developed normal leaves, shoots, root.s and rhlzomes w1th1n

Leaves dld not senesce’ fully unt11 December,
three months 1ater than the populat:on from whxc‘h they had been B - S

Shoots and . buds beg{in appea‘r:mg at the same tune

i

and developed throughout: the wmter w:Lth the flrst leaves emerg:l.ng .-1

v Vegetatz.ve growth cont:.nued through the

season,~1ncrea51ng 1n August and September unt:Ll 1eaf senescence

m early Aprll 1978

New leavea emerged in early Apnl of
\ . -

i
L
4

i

As shown 1n Table 4 . the s:Ltes exammed in August, 1978 vaned in-

N
shoot dens:u:y, the hlghest value occurr:.ng at Grey Islands and

the northern bogs S

1ocated near the coaat had hzgher' shoot densit:.es wh:.le marg:.nal

s -2

.or . atyplcal habxtats such as Cape Freels, Lawn a.nd Indl.an Cove

i : S
had lower den31t1es. ,Dlstnbutlon of plants also varled thh T

“ . -

dlfferences in bog topography, especlally humoc:ks and bog_pools.

3

Cover was un:.form on’ s:.tes mth fa:.rly even aurfaces, -for mstance-

ez -

those on the Bur:m Penmsula, L' anse-au—clan:, Red Bay, Cat Country B L '

Brook and Grey Islands

Freels Capstan Island and meare Rwer, R. chamaemorus L. tended L' o :

[ v,

E

to dlsplay :anreased ‘de{t?&y ancl cover on the hummock surfaces.

In bogs w:.t:h alterna ng bog pools and drler areas} the dens:.ty of -

Where humnocks occurred a8 at Cape G R A
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bakeapple :.ncreased w1th d:.stance from the: pool edges

e

T

Stze and v1gour of shoots, espec:Lally of t:he leavea, dld not

o

appear to vary con51derab1y w1th hab:.tat. o
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Table of shoot denslt:.es and d:Lstnbutlon of R. chamaemorus

'

R L. in ertudy axtea Augyst 1978._
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However, Ans m%re she 1tered aréas o'f a gwen bog, larger a.nd mere
tye '— r",'..u .' ‘.-. e v -

s Al

robust shoots could be found as 1n F1g.47. Here, at L'anae-au—'."'. &

edges of the bog.

Leaves of these mdw:.duals measured approx- S

' cla:.r, R chamemorus L. grew well mto the scrub woodland at the
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Figure 47.

R. chamaemorus L. in scrub bordering
L'anse-au-clair bog, with leaves approximately
10cm wide.
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Total and percent increases. ‘per sector of quadrats (Table 6) dre

V4 .
. close to five tlmes as great for Sector D than for Sector A, with a

Therefore , analysis

-a

L

S percent increase of 143. 5 for-D versus 24: '8 for A.
of variance was performed’ on the increase in number of Ash'oots ‘per

. sector’ type-as given in the.table.

In- this case,‘ a aignificant

d1fference was’ 1nd1cated at, a s:.gnlflcance level of 0 05. . Dunnett's

o, .
‘ 0

test was used ‘to determ1ne whtch sector types showad sxgnlflcant
d1fference from the control Sector A
v ) ' « : . . » ' . '

@In add:.t:.on, analys:.s of vanance was usad to test for 31gn1f1cant

dlfferences between the quadrats. j At a sxgnlflcance level of 0.05,

'the quadrats d:Ld not show a slgnlflcant dlfference in the initial

e
! ’

,eounts.' However, analysls of the subs_e‘quent counts _showed that 5\1
T T B . ‘ . ’ . : L o a o
:although there was‘.agai;{ no difference between the quadrats in the

' - : . ' ' ‘ N A . ) ' © ‘ . . ' . : . '

fi'rst‘ 's@sson, a gignificant différence was p!resent between the

qu"adrats irt the seeond‘season. * Quadrat 3 showed s:.gnlflcantly .

L.

lower numbers of shoots 1n all sectors. ‘ Th:Ls quadrat was poorly

".dralned, whlch may have affeoted 1ta response to the experlmental

procedure. S

e

-'Significant increases.were ptodg_'ced' by the cutting prodédure ;
maximum'results being vob"taiﬂned :with'sectora of (').‘125152.‘" N

.

(2) Greenhouse experlments oo

(a) Minmum 1ength ' . '-‘“

<

‘Measurements of max:mum leaf length and w:.dth (F:Lg 48) at 7, 18

» . ’ - P .

and, 28 days after the 1n1t1.a1 appearance of leaves are g1ven in '
o . )]

Ctome aeant Sebrrdoa = e

S e dtmetn e b
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Table 3 - It should be noted that many 1eaves began to senesce

-

soon after the1r flrst appearance and therefore some measurements

decreased over tlme. : On the whole,‘average 1engths and w1dth$

©

1ncreased for each group and with 1ncreased 1ength of rh1zome

o " S
for each set of measurements. . S S ' '

'Analysis.of.variance and‘Dunnettfs‘test for nméSuring the differ- o -

ence between group means and control means were periormed for

. each set of measurements at a 51gn1f1cance level of 0. 05 ? Both' g

} mean 1engths and mean Wldths showed a. slgnzflcant dlfference

.. o
v"

between the varlous rhlzome length groups for all sets of measurements.'

BN

Dunnett s tést. , u51ng 20cm rhrzames (RZO group) as control, showed

' Q‘ mean 1engths and wxdths of the ‘R75 groups to be 31gn1f1cant1y

RN

'hlgher for all setsg of measurements., The R&O group dlsplayed

srgnlflcantly hlgher mean lengths and w1dths at 7 days and the RSO

group dlsplayed a s1gnrf1cantly hlgher mean. wrdth at 18 days.

R
‘-cherwxse, no’ group was slgnlfzcantly dxiierent from the R20 -

'group}'

Lot

In the follow1ng summer, only R50 and R75 groups produced healthy

shoots and roots. Both these groups continued to grow successfully

. and produced new rhlzomes, roots "and aer1a1 shoots in subsequent

<

years although no. flowers were produced. F1gure 49 shows the -
dlfference in number and 51ze of shoots produced by R30 and RAO

rhlzomes. B S .:‘ ]'"- P
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Figure 49.

Minimum length experiment;

growth of R30 and
R40 rhizomes.

Numbers and dimensions of leaves

from R30 rhizomes (top) are noticeably less than
from R40 rhizomes (bottom).
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a7 o IR ' (b) Ap:.oal/non—'aplcal regeneratlon

: Smce all 1eaves produced in. .the flI’St season by both N1—5 and o
LE i Lot CR R A .

' j ot ' INl-—5 rhlzomes were small, 1t was dec1ded~ that measurements 'ofw

{ '. o . ‘ leaf 51ze t;ould be 1rre1evant and observatlons were restrlcted

k 1 ) o .. to patterns of 1eaf development. Shoots were emerglng from a11
‘-23'. . : _ o ‘rh:.zomes by 016 days after |plant:mg and contlnued to- develop through— ‘

s

out the season unt:11 senescence. Manmum growth was ‘reached

approxmately one month after plantmg. . At thls time there was

b ' no d1fference in regeneratlon betWeen N and IN rhlrzomes.,_‘,]':n -' .

- - »
0

v ,' »f, : .'rhlzomes cut ‘at the nodes, the bud next to the apex developed flrst, ‘I
“ "’whereas any bud of the 1nternodal cuttlngs seemed 11kely to develop. ,4:" S .'
';*Although no clear ap1ca1 domnance was’ establ:.shed the develop- L -

ment of - one shoot appeared to 1nh1b1t suceessful growth of subsequent

P

' shoots. . Even where several buds adJacent to the domlnant produced

‘shoots (Flg 50), these w:.thered completely be ore the donunant‘

L o . R Devel-opment of shootsappeared‘ to _be fa‘vouxjed‘ closest to .the ‘or:.gi'na'l
i R A 'growing tip of the rhizome (Fig}SO 'bottom) . Root growth" showed
S -s1m1ar trends and was most successful at the dommant node. L .

c.g DU ,Overall the plants 1n‘N and IN groups were not as, v1gorous and

"';1eaves were smal_le_r than those.in the control” group. . PR T

. '. (e) Seedlln&Lowth Ltterns

. . oy
Growth of seedlmgs in 1arge and small boms was slmlar. In the fll’St growmg

season, vegetatwe growth was restncted to the area closest t:o

\

] the orlg:.nal plant, with several new shoots be:.ng produced. By vt'he“ .

SN age, T
3
B
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Figure 50.

Apical /non-apical regeneration. Patterns
of shoot regeneration in internodal (IN) and
nodal (N) rhizomes.
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' “In the follow:.ng sz‘lng; all buds developed fu11y and shoots C
__produced new buds.'. Howaver, in the th1rd season the buds from EEE

".the orlgmal plant fal.led to develop and the rhrzomes llnkmg 1t

'These dld not extend as far as prev1ously and by the end of ,,the:- ‘

" during the second seasomn. Growth-of the plants» after thig

_of thlS 1ncrease was not attempted

jt:ons:.‘o:lerz:_ﬂ;»]._},vienhang:ed. New shoots and rh:.zomes were produced ‘

several montlis after 'tra,nsplan_tat:lon, nearly dOubl-:L'ng.the <Q1‘1.g11_181"

e S [

s,

end of the flrst season, rhlzome growth from the ongmal plant had

I

"occurred w1th new buds present at the rhizome tlpB. ohly. . thzomes

were»pnt' out -in several direct-ions ‘and grev}z to thé maximnm‘possib‘le
\ ) -

~1ength (1 e., to the edges of ‘the box) before developmg buds.

v

. "to the daughter shoots began to w:Lther. Meanwh:.le the daughter .

- uplants had produced healthy TOOtS . and shoots as we11 as new rhlzomes._ ,- '~' .

" season there were several ,clu_st,ers of'healthy plan't.B‘ around. the

y _edges of “the box, ell extending.rhizomes towards. the centre._

’ 'Flgure 51 shows the’ smaller box,' the-.Original"‘shoot‘wa_s‘xlocated"’

just below the tape measure 1n the centre of the box. . Of special

[

. 'tlnterest 1s the. presence of a bryophyte, Bryum argenteum (det.

“_G Brassard) w{u.ch colomzed and qu:.ckly overgrew the surface

colomzatlon appeared to be 1mproved although qualltatrve measure e

. -
N Sk
' A}

(d) Effects of reduced conLt:Ltmn

fo select;vely weedmg otit competltive spec1es, the growth of

‘R. chamaemrus L. in the turf sample collected at: Collnet was _—

[
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Figure 51. Seedling growth pattern. The original
seedling shoot was located below the center of the
tape; the visible shoots are daughter plants
produced in the second year after transplantation.
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" .and no fruits developed. A o

?" ‘._4 o '.“;u «‘ .. ) -_" E - .'-. v, .. - . . S . . ) ) . f . _ . ) .. .
: D ' e "III. Seed Germination e o e

. ' . ( "‘..: “ (l)': Reduo't?ion' due’ to"' fungal infect'i.on"..' : - ' ‘.& )
.._~;: ".'.. “ (a) Measurement ef mortallty due to fungi.mfectmn " w 41 ‘. }”
. .' . ‘ --: ' ’Table 9 gwes germ:.nat:.ons and losses for the treatmente employed' \;;:
P .}".y It must be noted that: many of the seeds became 1nfected only after f’ g
e ’ germmat:.on s0 that there .1.s overlap between germnatlons ‘and’ losses. o
. F 'A As was expected germ:Lnat;Lon percentages we‘re hlgher for GA3 | '
I ,: . ~ -'_P ‘ and lO =5 (stock) k1net1n than for the other treatments\'\although . ’
g ' , " there w—as cons:.derable var:.atlon ‘in results. ~Howeve1:, -losses . ]
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o o o ‘ : ‘ ) T : ‘ |
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[P 'The :|.n1t:|.al' test‘rnethpd reduced fungal mortalltres by approxlmately T y
e X N 50% .J:n subsequent germlnatlon tra1ls, although it was still = ; ~ ‘;‘. 1
.‘ i S " ; : necessary to replace the. f1lter papers and remove :Lnfected seeds o .
) ‘ ’ ‘ | - perlodlcall;r. ' Fewer. seedl:.ng‘s tended to become q.nfected 'after :
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Table 9. .-..Hbr.l'télit‘y;,due to fungal infection for

v Batqh" '

CL+2 0 H0 107 kinetin,10 A, 0w

(RO VEWE T AT

. T, - seeds incubatéd with water, kinetin

. an&;GAq,(git';berellic acid) for 30 days.

o Ineubation =

No.__‘ - . R meciiu}n.

- mortality .

" 105’

_Percentage fungal
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‘ than in GA3 and k.:metm groups above.,' Plates of Sabourand‘s agar

-"showed no*fungal growth, wh:.le bacter1a1 colonles were present

) (2) Promotmn of iernu.natmn usmg_glbberelllc ‘acid. (GA )

on the yeast: ext:ract aga:r in all treatments.

- L N . . 'Y

.

and kmetm '

Results of thls expenment, presented in Tahle lO, 1nd1cated that

,'_‘germmatzon was promoted by both kmetm and glbberelllc ac1d Wlth

" the 1atter ha.v:.ng more pronounced effects._ Analysm of vanance

> . ’
o

demonstrated that there was no s:.gn;l.f:.cant d:.fference :between ’

, 4 .
the treatments, although the calculated F value of 2 35 was very closL

.

~-to the theoretlcal F value of 2 .57. The appllcata.on of Dunnett s

'test shows that only treatments w:.th 10 and 10 GA produce

-

‘germmatlons s:.gnlflcantly hlgher than the controls.. However, a’

. :trend towards hJ.gher germ:.natmn percentagea 13 certalnly :Lndlcated

. for both klnetm and g:l.bberelllc ac:.d‘

‘(3) Ac:.d Scarl.fl.catmn

'-'unsuccessful. . v _‘ S : ST

O N T B Ry PSR E I IR I bt e

No germmatmn occurred and the experiment was therefore cons;.dered

Iv. Pollmatlon study, us1 g cannmg electron mcros,c0py

.

Electron’ mcrogrephs _of the gyme_c_,mm 'qf'Rung_s chamaemorus,l..' shov
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* Table lO. Percentage gemﬁnation in seeds soaked with water DR ‘*:
oo _" . '_ - ' ) " (control) ¢ kinetin and GA. (gi.bberellic acid) after ‘ ‘
' g o L ‘30 ays :.ncubation. e ' ‘. o
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b oo "‘.'I"Kinetin o s ‘ ' '\
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A S 4 6-x 107%n . ' v FRDEIE-1 T A

L3280 el eeie,
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R N P b A , ~i
k several 1nterest1ng features. ' The stxgmatlc surface (Fig 52) 1s . i

) .cons;derably furrowed and p:.tted with flakes of materlal present .

: ! o L wh1ch -would appear to Be adhes1ve. " The base of the style . and surface o - ,_— :
‘ . < R S
§ .
¢ © of, the carpels ark covered with ha:l.rs (Fig. 53) whichl, under hlgh

A
~

oo o A ,.: magn1f1.cat10n, a're seen o be glandular unicellular :richomes (Fxg 54)

s ot s o W

' Exammat:.on of the whole anthers showed that a cons:l.derable a.mount: of

: N MR ‘ _pollen was released by the dehlsence of long1tud1nal sllts 1n the

- o pollen sac (Flg 55) The surface of,. t pollen gra:L s was
S .o ' - ;
N, 1rregu1ar1y w:Lth short hooked spmules (echlnae) and pap].l ae -

LR
e st

s ;(bacullae) (F1g.56), posslbly enahl:l.ng the grams to cling to the ha1rs
: S

TP RRICTLIL: S YT PRS-

of polllnatmg 1nsects. General\ly, the gra:t.ns are not of a complex ‘

o

.‘_form, ‘navmg no elaborate pores ‘or- fuxrows and a s:.mple spher:Lcal

* ‘Bhape. ' Germmatlon of the pollen tube took. place through ‘a sl:Lt in -

- one side of the graln (F:.g 57) ' ‘Successful' germ:.natlon was

v
T o b s WD

) observed 1n gralns on the st:.gmat:.c surface of flowers collected .
w-‘dux‘mg the early stages of female flowermg while some males vere | - k i

: ~st111 open (Flg 57) However, geminatmg pollen of a dlfferent
DL e

o specles (F1g‘58) was observed on a Bakeapple 8t1gma Th:.s gra:.n ' ', :

. B EE |

was subsequently 1dent1f;|.ed as belong;.ng to the Vacciniwu sp. o ) 3

ndet. type (Oldf1e1d 1959 Faegn and Iverson, 1974, Moore and Webb

‘1978) ' Fro{t‘:h:.s it would appear that t:he speciflcxty of the’

e

flgmatlc surface for R, chanaemrus L. pollen 18 low. .

S Y. Matemy
. Contrast: and clarity were best in sections stained with Bismarck Brown. .

coa
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Figure 52. R. chamaemorus L., scanning electron

micrograph of stigmatic surface. Furrows and
flakes of adhesive material (a) are visible
around a germinating pollen grain (p).
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Figure 53. Scanning electron micrograph of
R. chamaemorus L. gynoecium. Trichomes (t)
cover the junction of the style (s) and carpel (c).

Figure 54. Scanning electron micrograph of trichomes 4
at base of style in R. chamaemorus L. The trichomes
appear to be unicellular, with swollen bases (b) arising
from the epidermis (e).
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Figure 55. Scanning electron micrograph of R. chamaemorus L.
stamen. A pollen grain (p) is visible in the
longitudinal opening of the left anther.

Figure 56. Scanning electron miecrograph of R. chamaemorus L.
pollen grain. Inm addition to the numerous spinules (s)
and papillae( p), the grain possesses an irregularly
perforate exine (e).



Figure 57.

1.2

Scanning electron micrograph of R. chamaemorus L.
germinating pollen on stigmatic surface. The
germination tube (g). has emerged from onme of the
two visible colpi (e¢) and entered the stigma to the
lower left. Flakes of adhesive material (a) are
present on and around the grain.



Figure 58.

Scanning electron micrograph of Vaccinium sp. pollen
germinating on R. chamaemorus L. stigma, Tetrads of
grains with three long colpi (e) and irregular splits
in the exine (e) are characteristic of the genus.

The germination tube (g) has clearly penetrated the
stigma.
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A d:Lst:ant endoderm:.s and perlderm are- present around the vascular s

"_~'~_‘re1at:|.ve1y th:.n-walled with slightly thlcker ‘outer walls. The lnner
. fexodermls cells are enlarged barrel~shaped and th1ck-wa11ed : many L~
. cells have densely-stamed cytoplasm whlch could be 1nd1cat1ve ‘of

- _phenollc accumulat:l.on. L

' these layers begm to degrade and become detachednfrom the rhl.zome, o ' i
w1th the- per:.derm eventually becom:.ng the outer protectzve lower (Flg.ﬁl)

. _‘The central p:.th occup:.es a ttu.rd of ‘the rh:.zome d:.ameter and co.nsuts

"of large lsodxametr:.c cells w‘mch become smaller towards the perxphery

‘of the plth. Scattered cells have densely—stézmed cytoplasm.‘ The

~'d1smt:egrat:10n of cells w1thm the plth forms large lacunae m the central

o
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Rpot sect:mns d1splay a dlarch vascular cyllnder (F:.g 59) w1th

1arge central vessels surrounded by smallex’ thmner-valled vessels,

parenchyma and small patches of angular phloem cells (F:Lg 60)

‘ cyllnder, both dlsplaymg denser cytoplasm than the adJacent cells.

'l‘he cortex cons1ats of 1sod1ametr1c’\118 with th1n walls.: Lsrge

1acunae are present in the inner cortex.. Towards the exoderms, e

Ly \.i.s‘ F‘
’ cells decrease m 31ze and the 1scunae -are absent. The epiderm:l.s_%

‘forms detached pat:ches of cells, the outer two J:Qws of cort:.ce’l“ <]

formulg an exoderms. The outer exodermal cells are’ small and .Q

" ‘ . - - o
o ' .. 1 ’ . i . " K

e

TR P
Young rh1zomes up to several months old possess a- cortex and eplderms '

(2) Rhlzomes‘“ o ",". -

%utslde the develop:.ng perlderm and secondary xylem As they develop, .
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Figure 59.

Figure 60.

115

Photomicrograph of 10"m paraffin section of

R. chamaemorus L. root stained with Bismarck

Brown. Diarch vascular cylinder (ve) surrounded by
endodermis (e), periderm (p), cortex (c), and
partially detached epidermis (ep).

Photomicrograph of 10"m paraffin section of root
stained with Bismarck Brown. Xylem vessels (x),
phloem (ph), endodermis (e), periderm (pe), cortex (c),
and lacunae (1) are wvisible, The outer two layers

of the cortex form an exodermis (ex) with some remain-
ing epidermis (ep).



Figure 61.
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; .“ 2% o
aetlcle

Photomicrograph of 10'm paraffin section of

R. chamaemorus L. rhizome stained with Bismarck
Brown. The epidermis (e) has almost detached and
the periderm (pe) has replaced it. The phelloderm
(ph) has partially detached from the secondary
xYlem (xy) and medullary rays (r). Some cells of
the pith (pi) are densely-stained and may contain
polyphenolics; large lacunae (1) are present.
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"'e‘i"ea.'~ 'l‘he secondary xylem showa some degree of annual r:Lng growt:h

: 'apparentl’y fphenolvlc.v

. {bu‘nd'le with distinct.' ';rbws 'o'f xjrlem and a continuoss endodensis.,

‘The surround:.ng parenchyma is compact and th:l.n--walled. ! ‘The e'pi'dermis.

‘

-
e

Coin d1scont1uuouszones of the cylmder. ', Medul]flry raye conslst of '

smgle rows of dense, elongated parenc“hyma cells.‘- 'Small 'patches" of N
crushed cells between the xylem and phello erm could represent secondar:y

phloem (Flg 62). -The phelloderm 1.s a band of var:l.able cells 1n '"~ N

6~-10 layers' overall the cell’s appear collenchymatcms and some have

densely-stamed cytoplasm The phellogen conslsts of 4-5 rows of

rectangular cells mth altemat:l.ve 1ayers stammg more densely.

5 s

: The phellem cons1.sts of two or th:r:ee rows of large barrel-s‘tlaped cells

and an outer row of very: r.h:.ck—walled angular cells contalnlng dense

'sphencal globules (Flg 63) Some remnants of  the old cortex can

‘be seen in’ 10ng1tud1nal sect:Lon, the dense depos:l.ts 1n the 'phellem
are clear and’ the dens:Lty 1n the’ phellogen can be seen to- be restrlcted

to the vacuoles (Flg 64). . Resvoll (1929) also noted{ that the

tr

‘ medullary rays phelloderm, and p:.th co‘ntain,plent‘y" ef amyle!'; '

(3) Leaf /'-

The' nbs-protrude on’ the abax1a1 s:.de w:.th correSpondmg deep adax:.al o

'furro,ws (.F.1vg.65)._. _Each vein contalns one large' sem:!.cn:cular vascular

'conslsts of small 1sod1ametr1c cells w1th occas:.onal um.cellular

tr:_.chomes-. . Betﬁreen the vems R the blade 18 relatxvely t:hln, thh a .

.'

: ,fen stoins,ta qn~'t:!;1e ahax:!.'al sur.f.ace.and__scattered.mltvl‘cellular'tr:.chomes.» S

'There is 'slm:n.e evidence of.a division into palisade 'and. spongy me's'qphyl'l.
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Figure 62.

Photomicrograph of outer layers of loumparaffin
section of rhizome stained with Bismarck Brown.

Crushed cells between the xylem (xy) and phelloderm (ph)

could represent secondary phloem (sp). Rows of dense
and clear cells alternate in the phellogen (pg);

cells of the phellem (pl) also stain densely and may
contain polyphenolics.



Figure 63.

Figure 64.

Photomicrograph of 10%m paraffin section of
rhizome stained with Bismarck Brown; outer phellem.

Dense globular deposits are present within the
cells (arrows).

Photomicrograph of 10pnﬁongitudina1 paraffin
section of rhizome stained with Safranin/light
green. Remains of the old cortex (c) are visible,

as are dense deposits in the phellem and in vacuoles
of phellogen cells (arrows).
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Figure 65.

120

Photomicrograph of lepmparaffin section

of R. chamaemorus L. leaf stained with Bismarck Brown.
Ribs (r) protrude on the abaxial side with corresponding
adaxial furrows (f). Vascular bundles (vb) contain
xylem and a continuous endodermis. Unicellular tri-
chomes (ut) are present in the rib epidermis (ep):;
multicellular trichomes (mt) and stomata (st) occur

in the blade epidermis. Palisade (pm) and spongy (sm)
mesophyll are distinguishable.
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R VI Phenol:.c Locallzatlon-

‘ ‘F:Lg.66 ~shows an ultrathln section of a. mature R. chamaemrus L.. root

throughout the sect1on, espec1ally 1n the middle root cap zone.
Under wh:l.te 11ght, th1s “Zone dlsplays ‘a. pronounced blue-green meta chro-‘f
".matic . reaction charactenst:.c of phenohc compounds._’ The reactlon ‘.

-,'appears -to be 1oca11zed :Ln the vacuoles. In addxtlon, rows of cells

"Examnat:.on of root sectz.ons treated thh osmmn tetroxzde and counter i

- stamed w:Lth ~urany1 acetate revealed the presence of so-called dense -

.f, than the vacuolar contents is electron—deuse (F:.g 67) and the surroundmg

cells are apprec:.ably less dense throughout. _‘ The nuelen of dense

A T 1 s e e — o aove e, : o

-

'(1_) Localxzatlon of phenollc cog)ounda us:.ng electron

’

.

mcroscogz ool T
. .,4.1-__....').

tip. .sta:.ned Vlth tolu1d1ne blue. Densely— tamed cells éan be seen ‘ L e

-_ .
!

2 -~
. -

'\f- PN . B
.w:l.-gh more densely—stalned vacuoles are vnnble m the cortex. R 3

v \ v . . L -

PO 3 oo T

e

i cells w1th1n the cortex. o Im these cells, the cytoplasm 1tse1f rather'

. E
Tt . -

a
."’

R
(4

cells appear. to be only sl1ght1y dark 1' than those of 'nor'mal'i'cells S
N >

'Ev1dence of some accumulatlon o:E dense mater:l.al at the cell wal s.

t R
in the plasmodemata and in the :mtercellular spaces can be seen m

.-

Treatment w1th Eerzu‘. chlonde :Ln place of osmum tetroxlde :mcreased

v the resolutmn of phenoh.c depos:.ts. - F:l.g 69 shows three dense cells .

‘ vdLSplay:.ng a gradatmn of cytoplasm dens:.ty Ehenol:.c depos:.ts :.n

- these cells appear as d:.stmct black globules of fen::.c chlorlde

'scattered throughout the cytoplasm . Some deposulon is v:.s:.ble w:Lt:hm

+

3, sl ol d
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Figure 66. Photomicrograph of 0.5"m Epon seetion of R. chamaemorus L.

root tip stained with toluidine blue. The provascular
tissue (PVZ) and quiescent center (QE€) contain no
dense cells. Cells of the central cap (CC) tend to be
less dense than those of the inner (IRC) and middle
(MRC) cap. The peripheral cap (PRC) consists of
disintegrating cells with no dense deposits.
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Figure 67. Electron micrograph of R. chamaemorus L. root
treated with 0s0y. Density is restricted to the

nucleus (n) and cytoplasm (arrows) and absent from
the vacuole (v).

: i - . -
- el T RSN g 2 = ol

Figure 68. Electron micrograph of dense cell treated with
0s0y. Dense deposits occur at the cell wall (cw),
plasmodesmata (p), intracellular spaces (i),
nucleus (n), and cytoplasm (c).

128
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Figure 69. Electron micrograph of dense cells treated with
FeC13. Resolutien of phenolic deposits is improved
and the increase in density from cell A to cell B and C
is clear. Depositions are visible along the tonoplast
membrane (t) and between the cell wall (ecw) and cell
membrane (cm). The nucleus (n) shows some density,
but not the nucleolus (nu).



Jumerr B

Cetrrie ey,

CRREPRR P

TRt} e ol

U QOGP AU P S P S

125

‘. o the . nhcleus ‘but none w1th:.n the nucleolus.' : Scattered depos:Lts accur-
w1th1n the vacuoles and concentrate along the " ton0plast membrane in
the cell on the uppe-r rlght. Heavy accumulatxons can be seen between.._

. '_ the cell .wall and cell membrane, especz.ally of the cells in the upper
rlght where the concentratlon of’ stalned partlcles in the cytoplasm ,.

is less:. N Stalmng s’ also ev:l.dent J.n .th.e 'Lntercellular spaces at- the

<y . y

corners of cells and in/ the plasmode smata.,

oo , . C 1 L

‘Closer examination of the -cell‘ wall ~1n preparatlons stalned mth Osmlum*
A X ’
T tetrox:l.de shows some fa1nt atannmg at the cell membrane (Fig.70).

However, a cons1derab1y d1fferent result ‘18- obta1ned from ferr:.c chlorlde

r

sta1n1ng (F1g 71. ) Dense accumulatlons of,ferr1c.mater1a1.are~found.

v

between the cell wall and the ce11 membrane, 1ncrea51ng 1n th:.ckness
' at, the ccorners of the cells. )

globules of fa1r1y unl.form suze.

These depos:.ts consist of . clustered

' The ,intercellular space:-rs‘ a’lso 'more.

At

[

. ~dense in 'these. cells.. ) F1g 72 shows less d:.stlnct deposits of electron— ]

;T o dense materlal 1n a control sect:.on w1thout U and Pb counter-st n1ng.
Overall resolutlon of such materlal is poor, although the relatlonshlp

of the depos:.ts to—the membrane and wall can. be seen more clearly. "

K
Lo

o

R S SO B JU-JPr

the cell walls.

close assoc1at10n w:Lth the tonoplast membrane, espec:l.ally vuib{l.e m -0

the” lower r1ght of the cell where the membrane has shrunk away from

.
T TR

Iron and phenollc part1c1es also llne the vacuole in

’

Phenollcs are also localxzed wz.thln the vacuole, as. seen in Flg 73,

1n add1t1on to heavy accxmtulatmn ;Ln the 1nterce11u1ar spaces and near"
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Figure 70. Electron micrograph of root material treated
with 0s0y. Some dense material is visible
at the cell wall . (cw) and in the cytoplasm (arrow).
Dictyosomes (d) are also present.



L2

Figure 71. Electron micrograph of root material treated
with FeClg in place of 0s0,. Accumulations
of ferric material are present between the cell wall

(cw) and membrane (cm). The intracellular space (i)
is also darkened.



Figure 72.

Electron micrograph of root material treated

with FeClg without uranyl acetate/lead citrate
counterstaining. Despite poor resolution, dense
ferric deposits are clearly located between the
cell wall (cw) and membrane (cm), in close contact
with the inner wall.

© 128
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Figure 73.

Root cell treated with,FeC13, showing distribution

of ferric material within the cell. Heavy accumula-
tions occur within the vacuole (v) and along the inner
edge of the tonoplast membrane, especially where it has
shrunken away from the edge of the vacuole (arrows).
Deposition also occurs in intracellular spaces (i)

and cell walls (cw).
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rl”

‘the edge of the vacuole as a result of preparatzon procedure..‘:Underf‘,

hxgher magn1f1cat1on, dense patches wmthln the vacuole are, seen to

- KA

'cons1st of aggregatlons of ferrlc materlal (Flg 74)

!

A

(2) Characterlzatlon of phenollc compounds usxng qulcal

mdcroscogz S

’ Tests for characterlzatlon of phenollcs w1th1n root :and rhlzome sectlons

. of R, chamaemorus L. are summarrbed in Tablea ll and 12 r»It is. clear '.7—l"

'from these results that varlous phenollc compounds are selecthely

o e
N v

h -

P

"Fig. 75 shows a crOSs~sectlon of ‘an unstarned root.n There is some'

v

~yellow1sh colour in the outer cortex and epldermls but none elsewhere

1although the structure of the root is. clear and Lndlvxdual cells are

v

dlstlngulshable. “ An unstalned rhlzome (F1g 76) dlsplays much more |

F_.deflnlte darkenlng in cells of the outer plth, parenchymatous rays "f

',‘and collenchymatous phelloderm whlch 13 most probably ﬁue to the oxxdatlon‘

of phenollc compou&g;. Some cells of the per1derm are also darkened.

\

fThe cortex and epldermls ‘are beglnnlng to collapse and’ detach from the

1nner rhlzome layer, whlch develops as the rhzzome matures.

e

T

D1methoxybenzaldehyde (DMB) treatment of roots and rhlzomes stalned

flavon01d precursors of catachine and gallocatachlns 11ght red The.
S T

”~react10n was - -not partlcularly strong 1n the root sectlon (Flg 77) but

. g‘there 1s some sta1n1ng of ep1derma1 and endodermalncell walls, xylem

“

cells and some. pxth cells.- Some cortxcal cell walls also d;splay a

.jf\.
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Figure 74. Edge of vacuole and tonoplast membrane in cell
treated with FeClj. Dense patches within the vacuole
(arrows) consist of aggregations of ferric-complexed

material. Smaller aggregations occur along the inner
tonoplast membrane (t).
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“Table 11,

‘Histochemical tests to.distinguish between flavondid and’

J

.. DMB . -

’ ﬁiﬁfoso

"Reaction

Egipenoid:polyphgﬁélics.

. Pdizghenélic :

o
P

. - | _ |
,.flﬁgﬁno1d precursors of
. condensed tannlns o

. (catech1ns,f

gallocatechxns)' '

o

catechol .tannins

,plth

.~ Locations of reaction product , -
%“ o . - s . ..

ce11 walls and ce11 contents of

cells: 1n epldermls, cortex,

endodermls and xylem s

outer cortex, endodermls,.

-parenchyma cells and ray cells
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L wIthin'Eé11s of épidéfmié;f<:l

adJacent to. xylem and w1th1n J"

[N
.

©SbCL,
" DNP .
\-r." - .

T L CUPRT SETORN PR

. gpssypol,and—;‘ -

related terpenoids

’

gdgsypol.éhdi.

related terpenoids:

'

xylem ﬁélls, eﬁidermal cell -
adJacent to xylem e

kyiem'waiié walls of épidermal

and outer cort;cal cells, some

'staznzng,1n91de cells. of ‘cortex .

.
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 Vwa11s,.wa11s of p1th parenchyma :
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2% °aq, Aniline | aniline addition . -
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H1stochem1cal tests for specific,éharacteristics :

Reaction’

'Gibb...'s_.ieag’ént ;ihenc}lics.w_i.th 1.,

AR

A

" of polyphenoj,ics. AT T U

"'..‘Phenolic"_‘ o ‘Locations .of reaction product - .

“1limited stammg ‘in xylem S

free »"pos'i'ti'on para~ walls, : walls and’ ce11

-_'2 no: carbo;cy_l and gcattered cells in

-1 sulfo, formyl, - ‘endoderms
,nltroso » or- nltro

,’groups on:same rmg R D ST

to a hydroxyl group, fcontents -of ray parenchyma .~ ' o

a8 hydroxyls o o LT oL 4

R
ried

PR
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| anllme addltlon N dense stam ‘of - ce11 com:ents "":. -
product:s of" . in plth cells adJacent to ' g
o ", gglnones_ derived ' xylem, ray. parenchyma, S
1 fréglﬁ naturally- .. | endodermis, -scattered . ,
"‘océﬁr’ring phenols’ cortlcal cells, band of cells LA .
I E "in outer cortex : ' ‘ &

very' féint rgaétibn"'. localized

: ’produc;s' of some _same ‘as v,'fc;r L}Qn:i.'line'lﬂc.lto3 .

)

0~ or p- quinones
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Figure 75. Photomicrograph of unstained hand-section of
R. chamaemorus L. root. Oxidized phenolics may
account for the yellowing of the outer cortex {(oec)
and epidermis (ep). The vascecular cylinder (vc)

and cortex (c) are distinguishable by cell size and
thickness of cell walls.

Figure 76. Photomicrograph of unstained hand-section of
R. chamaemorus L. rhizome. Phenolic oxidation
(black) is present in the outer pith (p), medullary
rays (m), and phelloderm (ph).
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Figure 77. Root hand-section stained with DMB to localize
flawnoid presursors of catechins and galloe-catechins.
Limited staining occurs in the pith, xylem, endodermis,
and epidermis (arrows).

Figure 78. Root hand-sectioen stained with DMB. Some reaction
is evident in the cortical cell walls and epidermis
(arrows) .
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'sllght DMB react:.on 'nd there can be darken:.ng of the epxderms (Flg 78)
Rhlzome sectl.ons sho. a more def1n1te reddlsh product: locallzed in
A'cells and cell walls of the penderm and 1n the wafls of the secondary

.xylem (F:Lg.79) . Ra \ parenchyma cells are also darkened but: it is

"

-',uncerl:a:.n wh%her ‘thig, repreeents a genume DMB reaction; or phenol o
"ox:.datlon. . N

O S

o The: Nitros@‘eactlon lso produces a reddxsh colour on reactlon with

.catechal tannms and Lx smlarly 1oca11zed. _ Cell walls and ciontents

. of ep:.detmal cells sh W spme reaetlon, as. do cort1cal cell walls and
endodermal cells (F1g.80) In rhlzemes, staxnxné can: be seen J.n .

. parenchqu‘ cells of the rays and p;.th and in walls of the collenchymatous
pe’jrm and phelloderm (Flg.Bl ) . g - L . “

"Gos;ypol and related te:\:penolds stam orange to red en reacelon w:.th

-.both SBCl and dlo1tropheny1hydlraz1ne (DNP) reagent:s and localu.ze in .
sumlar areas..j BN'P appeared to gwe clearer, more defmlte 1:esults. .
‘Root: secuons sta:.ned w:l.th Sbcl (F:Lg 82) show pos:.t:.ve.reactlon in .

- the walls of ep:l.dermal and outet cortlcal cells. ‘ Xylem ceIl walls,

'.‘/94.

g parenchymatous ray cells a\nd p:.t:h parenchyma cells of t:hé rhlzome also

-"- . . "N

' ‘\ L
. \ .

,"Blackenlng of the per:.derm also occurs hut this’ 15 llkely due to. oxi.da-—

. .‘ .

-stam (F1gs. 83" and aa)

e :
'DNPdreagent st:ams the outer ortex., epldeml.s, endodernus and xylem

—_—

- cell walls of root secuons g.85)..- J;ong:.tpdmaLseet:.pns ‘show a

13- "

) tlon of polyphenol:.c coﬂpounds rather thau to a genu:.ne' Sb(ll reactmn. .

17 213 b Gl
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Figure 79. Rhizome hand-section stained with DMB. Red reaction

product is visible in cells of the periderm and
in secondary xylem walls (arrows).

Figure 80. Nitroso reaction in root hand-section. Catechol
tannins in the epidermal cells, cortical cell walls,
and endodermal cells stain red (arrows).
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-
Figure 8l1. Nitroso reaction in rhizome hand-section. Cells
of the pith, rays, periderm, and phelloderm show
positive reaction (arrows).

Figure 82, 8bClj3 reaction in root hand-section. Orange
reaction with gossypol and related terpenoids is
largely restricted to the epidermis and outer cortex
(arrows).



139

Figure 83 . SbCl3 reaction in rhizome hand-section.
Staining occurs in the xylem walls, rays, pith,
and disintegrating cortex (arrows).

Figure 84. SbClj reaction in central rhizome. Xylem walls
and contents of pith and ray cells react intensely
(arrows). Darkening of the periderm is intense
and diffuse; it is therefore more likely due to
phenolic oxidation.
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] -- Ol
DNP reaction in root hand—section.

Figure 85. Gossypol and

related terpenoids in the outer cortex, epidermis,
endodermis, and xylem walls stain orange-red
(arrows)-.

Figure 86. DNP reaction in longitudinal root section. Staining
occurs throughout the epidermis, intensifying
towards the root cap.
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‘. - C typlcal DNP. react:l.on colour throughout the eprdermls whlch 1ntens1f1es

towards the root apex and cap zone (F:.g 86) Cells of the outer p1th

3

i xylem walls, collenchymatous phelloderm walle and per:.derm cells of.

R O T

' the, rh:.zome also show some. reactlon to DN'P stauung (Frg.87) _.This,:\' S

reactmn can be faint in some cases (E:Lg 88) but is Still v:.s;Lble in the"

AP

’ walls of the outer p1th cells and perlderm.

P
At

' Glbb 8 reagent produces a blue to blue-black colour on reactlon w:.th )

ey

' certam classes of. phenollcs. In root sectlons, cell contents of

E epldermal endodermal and meta:xylem ‘cells are sta:.ned (Fl.g 89) : The:-

perlderm, ray parenchyma and clusters of cells 1n the collenchymatous

E phelloderm and outer plth of rh;l.zome sectlons dlsplay G:.bb 5 reactron

RS VU ONS ST SRR SRS S PN SNUIUILITS JUP JNYS-LTR SRS el
. P . - -

B anct Skt A o> Bt S5, N b R P T R NP
= REE DA

. / . o .I within Lthe‘ce,lls; :Ln adc‘htlon,. -cell walls of" the secondary xylem show' -
S/ e definite bltx_lglx.'reactiou (Fig.éoi i sbme epidemml cel‘l'aoals'o— app'earedj
K to react w1th Glbb s, reagent, although the colour was 1ess dlstmct . g
R (Fig. 91). .. ks | | | B ‘}H
‘.. - Anl.llne :aédit'iou products of quitlones stained dark blue-‘bl‘ack‘ wl'len T ‘ S ;
: ' treated mth both 2z aqueous an111ne and an:.lme )(lO " li’i-th: cells’ DR
g ‘ S .._adJacent to - the xylem, endodermal cells, scattered cort1ca1 cells and’ T
o a band of cells 1mmed1ate1y below the ep;l.derms of root _sectxons show f
S a strong. reaction w1th anxllne-l(lo *‘(Flg._92) In rhlzome sections *
;: ‘(F:.g 93) stain. 15 locallzed Ln cells of ‘the. p'lt}l, especxally in a band }
: ‘-m the outer pith adjacent to the secondary xylem, _ray parenchym cells, l
‘ ~ 'clusters of~cells 1n the collench.ymatous phelloderm and yerrdermal cells. E
{‘ ) Some v1olet—b1ue stamlng of cell walls throughout the rhlzome also ~ %
o . - . £

ges
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Figure 87

. DNP reaction in rhizome hand section. Dense
staining occurs in the outer pith, xylem walls,
phelloderm walls, and periderm; some reaction

also takes place in the old cortex and epidermis
(arrows).

Figure 88. DNP reaction in central rhizome. Faint reaction

occurs in the walls of the outer pith and periderm
(arrows).
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Figure 89. Root hand-section in Gibb's reagent. Reaction
with specific classes of phenolics produces a blue-
black color in the epidermis, endodermis, cortex, and
metaxylem contents (arrows).



144

. NN
.

Figure 90. Gibb's reagent in rhizome hand-section. Positive
reaction occurs in the periderm, xylem, rays,
phelloderm and outer pith (arrows).

Figure 91. Gibb's reagent in outer layers of rhizome. Some
epidermal cells show faint reaction (arrows).
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Figure 92. Aniline-KI103 reaction in root hand-section.

Aniline addition products of quinones in

cells of the pith, endodermis, cortex, and exodermis
stain blue-black (arrows).
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Figure 93. Aniline-KI03 reaction in rhizome hand-section.
Pith, rays, phelloderm and periderm react
strongly (arrows).

Figure 94. Aniline-XIO3 reaction in center of young rhizome. Bands
of cells in the outer pith and periderm and scattered
cortical cells, show positive reaction (arrows).



5
e
X
50
n,
RS
ta.
%
N
"o
M
- §

v

.- ity . . : B S St Mt LN W
F,ux».n. PR T T T I DS R N . - . -

sopsmme

3o

A
i

.o

et 1

“

P

i

O£ Ki0,.

vt

'-{

OCCUILS .

prxor to development of the secondary xylem alsg react, as ‘seen 1n

-F1g.94; . A 31m11ar pattern . 13 seen 1n‘seet10ns of roots (F1g 95)

: and rha.zomes (Flg 96). stained w1th 27 aqueous\ anll:_ne but the reacuon A

is much fa1nter in these casesﬂ

(3) Development of dense cells

Radlcles from dry seeds possess cellrwrth numerous vacuoles and

A

A S

Although there is- some :

large, well-developed storage granus.

g :|.nd1cat:|.on of :Lron-phenoll.c complex:.ng 1n the cytoplasm of these cells, .

there is' no appreclable aggregatron near the cell wall (F:.g 97) ‘ :
However, sect:.ons of. radlcles whl.ch had been soaked for smc hours pr:Lor

to treatment w:.th I"eCI dlsplay accmnulatr.on of electron-dense gl}bules

-

. at the 1nner edge of the cell wail and in the 1nterce11ular spaces

~

(F1g 98) Vacuoles and storage granules begln to develoP a more

f

organlzed pattern by thxs t:.me, wz.th the latter enlargmg ~and beconung
more dense and the former clus ter:.ng around them. :

‘Radicles of seedlings ‘s-ampled'.23\ days dfter ‘soaking show in;:'ieased s

dep031t10n of fernc materlal along cell walls and i the nucleus

(F1g 99) Some phenollcs are also found in t:he cytoplasm (F1g.100)

In most casges the cell wall 1tse1f is thmner and lese electron-dense

+

and the spaee between it and the cell membrane 18 enlarged. . Iron-‘ ‘b

.4

phenol:.c complexes are assoclated w1th the cell memhranes rather than
the cell wall (Flg.l()l) . Storage granules are st111 present, each

R4 .'

30 1300t 4w @hest A = A - - PR . o - Mictiia "

The outer plth, perxdem and cortlcal cells of younger rh1zomes h
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Figure 95. 27 aqueous aniline reaction in root hand-section.
Pith, endodermis, cortex and exodermis (arrows)

show a less distinct reaction without the addition

Figure 96. 27 aqueous aniline reaction in rhizome hand-
section. Faint staining occurs in the pith

and periderm (arrows), but is not as well localized
as when KID3 is added.



Figure 97.
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Electron micrograph of cells of radicle from dry

seed treated with FeCl,. Well-developed vacuoles
(v) and storage granules (gr) are present. Some

ferric complexes are visible in the cytoplasm (arrow)
but none near the cellwall (cw).



Figure 98.

Electron micrograph of cells of radicle from seed
soaked for six hours prior to FeClj treatment.
Ferric complexes (arrows) line the inner edge of
the cell wall (cw) and intracellular spaces (i).
Storage granules (gr) are more electron—dense

and the vacuoles (v) tend to cluster around them.
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Figure 99. Electron micrograph of cells from radicle sampled
23 days after soaking, treated with FeCl3. Deposition

is increased along the cell wall (arrows) and in
the nucleus (n).

Vacuoles (v) and storage granules (gr)
are less distinct.
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Figure 100. Electron micrograph of cell from 23-day old
radicle treated with FeCl,. Ferric complexes
are present in the cytoplasm (arrows). The space

between the cell wall (cw) and membrane (cm) is
increased.



Figure 101.

153

Electron micrograph of interface between two cells
from 23-day old radicle treated with FeClj. Ferric

material is clearly associated with the cell membrane
(cm) rather than the cell wall (cw).



f}’;’{_:if.-f’f:.?‘ ¥ Mg -

o
.

,
Coa

L are present w:.th:Ln this outer layer (I"l.g 105)

R NGEST T T Nt ey e et ey s tpay,

B R RIR W nem L e 4 pae e,

154

]

R . ;

: surrounded by a r1ng of vacuoles but are less dense than prev:Lously

(F:.g 102) Plasmodesmata also become electron'-dense, espec:.ally where

cell walls are thlnner. _ o ‘ s

,viI .

Root ‘Microflora . . T

Ultrathln 1ongltud1na1 sectlons of bakeapple roots stalned m.th tolu1d1ne

blue possess an. amorphous outer zone poss:l.bly correspondxng to a muc1ge1 .

layer, assoclated w1th numerous pa‘rt:.cles (F:Lg 103) The ep1derma1

celle are notlceably darkened, 1nd1cat1ng some phenoh.c conteﬂt..

An equlvalent area v:.ewed under the electron mcroscope clar:\.fles th:.s
assoc:.atxon (F;Lg. 104)

cons1st1ng of several layers of mater1a1 of various densrt:l.es and 4

th;l.cknesses. Towards the outer edge, the materlal beglns to fragment

- ~

and th1.n out mto the surroundlng medug Below th;s 1s au electron-

dense area w:.th some mdrcatlon of. a lamellate structure on the r;Lght.

» A

Between th:.s 1ayer and the outer root cap: ZOne, a layer of varlable

: thlckness contalns numerous bacter1a1 cells and portlons of septate a

hyphae. Hyphal structures can aleo be seen Just above the ep1dermal

‘ce11 wall and one, apparently J.n cross-sectlon, w1th1n the ce11. ‘

¢

[

In a preparatlon stamed w1th ferrlc chlorlde, 1t is clear that phenolxcs

~

- Al though ferr1 c

: complexes are scattered throughout the area, they cluster around the

bactenal cells, wh:.ch appear to be. encapsulated.“ The'lower boundary

"of. the zone appears to have a three—layered structure and to “be clearly

delrneated from ad;;acent areas. : ' o - o oo

Th% is a &1st1nct zone outsrde the ep1derm1s

- piaric
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Figure 102. Electron micrograph of cells from 23-day old
radicle treated with FeClj, showing plasmodesmata.
Storage granules (gr) and vacuoles (v) are present
but less electron-dense. Ferric complexes are
localized along the cell membrane and in the plas-—
modesmata (arrows).
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Figure 103. Photomicrograph of ultrathin Epon section of root
stained with toluidine blue, showing outer layers.
An amorphous layer containing numerous particles
(arrows) is visible outside the epidermis (e).
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Figure 104.

Electron micrograph of root treated with 0sO4, showing
outer layers. The outer edge of the amerphous layer

(oe) thins out into the surrounding medium. Below

this is a dense lamellate region (edr) bordering a variable
layer containing bacterial cells (b) and hyphae (h).

Hyphae are also present above the epidermal cell wall (cw)

and one hyphae in cross—-section (arrow) appears within
the cell.



Figure 105.

Electron micrograph of root surface im material

treated with FeCls. Ferric complexes (arrows)

are present throughout the layers of the amorphous zone,
but appear to cluster around the capsules (e¢) of the
bacterial cells. The lower edge of the zome (1)
appears to have three layers.
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.Byphal structures are also v:.s:Lble between and w1th1n root cells 1n,

‘sectlons stained w1th tolux.d:.ne blue (Flg 106) and osm:.um tetroxlde

~;(F1g 107) where they .are. seen to extend Just below the celI wall..

A ferr:l.c chlorlde preparat1on shows hyphae in longltudlnal and cross—

_sectxons (Fxg.. 108) . The sectlon at the lower centre has a two-layered

well and ‘a. dxetwnct septa typlcal of fungal nwcella. Other hyphae

. appear to Tun between the walls of twa adJacent cells. In Flg. 109

-

'~hyphae in. cross-sect:1on ll.e between thé cell wall and cell memhrane,

.
. .

‘aa well as 1n the 1ntércellular apace. Another hyphae m.th falntly

v151b1e septa 11es thh1n the cell on the lower rxght, apparently

"surrounded by ferrlc—phenollc deposxtlon.

?
‘“..". i

Further results do not conc1u51ve1y ldentxfy these o:ganlsms, bugﬁzither

glve some 1nd1eat1on of the ﬂ:l,versu:y of the root mcroflora of

R. c:hemaemrus L.

(1) Mycorrh1zal steunrng_ s ) S ,

Fungal structures could be seen 1n root, ‘material stamed w:.th 1acto-

~ '

phenol and -acid. fuschln but were not “clear enough to warrant photography

159 .

,'of the preparat:,ons. Septate hyphaewere v:Ls:Lble mth:.n several . 1ayers

. of healthy root t1ssue and slender, threadhke structures were seen .

: w1th1n cells and on the surface. Howevex, structures typlcal of

B vesxcular-arbuacular mycorrhxzae(appressorla, arbuscles and vesxcles)

'~were not seen :m any preparat:.ecn. -

Snbes,
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Figure 106. Photomicrograph of ultrathin Epon section of root
stained with toluidine blue, showing fungal hyphae
in epidermis and cortex. Hyphae  (arrows) are
visible within and between cells.

Figure 107. Electron micrograph of fungal hyphae in root cells
treated with 0sO,;. Hyphae in cross and longitudinal
sections (arrows) are visible within cell walls.



Figure 108.

Q3pm- 3, RS

Electron micrograph of fungal hyphae within root
tissue treated with FeClj. Section A possesses
a two-layered wall and distinct septa (arrows).
Several other hyphae (B, C, D) appear to run
between the cell walls (cw).
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Figure 109.

Electron micrograph of hyphae in root cells treated
with FeClj. Several hyphae (arrows) lie between
the cell wall (cw) and membrane (em); one appears

in the intracellular space (i). The hypha within
the cell to the lower right appears to be surrounded
by accumulated ferric complexes.
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(2) Detect:.on of - muc:.gel layers e

Mater:.al prepared in ruthenxum red was genera’lly too th1ck to be

photographed effectrvely Sta:med root t1ps from greenhouse and w:.ld

plants growxng 1n peat shOWed 11ttle or no ev:.dence of a muc1ge1 layer. h

v

Roots dr:Led before sta:m:.ng, to determ:.ne whether there waa any dlspersal.

‘ A
o I

. : &
C pf the matenal in— the staln, shOWed srmllar results. U.ung root tips

jroim :Ln a llquld medlum, a2 thu\ 1ayer was VI.SI.'DIE‘ around the root t:.p.

Kl

From these results, lt appears that some mucigel 1s present 1n R chamae—-_'--' )

K

morus L. roots but at best it forms a very th:.n layer aubgect to the

o o e

. ,' e . . o . . w'_ . ", - '.-. ,.‘,".: A..
mednnn around the roo*:s. T A

(3’)' Isaﬂ.etmnd culture ‘of root mlcrooiamsms TR
, \ ¢ o

Exam:.natmn of Gram—stal.ned preparat:l.ons enabled the del:.neat:.on of

- ,.,.

several large groups.' gram-pos:.t:we rods, gram-9081t1ve cocc:., gram-

negatl‘ve rods, gram—negatrve coccl and cultures exh1b1t1ng a mycellar-:

structure. . 'I'he cultures fallmg mto each of these groups are glven 1n

,;,,

Table 13 ‘It 13 clear that the. gram—uegatxve rode account for the .~.’.':35-"

- T

largest_percentage (55 52) of the 119 cultures tested. o Gram—pos:.tlvel

rods and gram-negatxve cocc:. account for 19 32 and 14 3% respect:.vely, S

‘,_.w whxle only 5 OZ of cultures cons:.sted of gram-positlve cocc:.. . 'I'he

. remamlng small group (S——9%) cons:.sts of cultures w:l.th poaltive and]or

negatlve rods and mycel:.a.~ ST T - e . L

determ:me the 11kelihood of the:u: ‘belng Act.inomycetes specxeaﬂ. : A11

such cultures shomd negative reaults, for ac1d—fast, spa‘re sta:Ln.

s
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E ' capsule stammg and motlllty, w1th pOSlthe results for catalase and

e ox1dase tests. These charactenstms are found throughout the T o o

-

! cetaceae.‘ Covez-sllp cultures exh:.b:.ted fme mycel:.a and some-

11m1 ed: sen.al growth. ' Certam cultures also possessed pale-stamlng
NS

' Actin

PROR ISP P

.—'v

Cooy BRI s

T

. T ov01d cells wh1ch could be spores and sporangls. g e

S S , -

-,

. ' . . ‘
l s . . . .o, . . . N »

' ‘I,t.wa'\_s"slso consideted necess'a'ry,to‘ check.fo‘r',possible‘- Aéotobaéter' )

S ‘,speciesL, Colon:.es of all the groups described above grew on Azoto—
1

F oo s S A R

_,bacter medlum hut the ma_]onty were negatwe rods. ‘ Of these, elght * e ;

.

c.ultures (ATM4, RP43 RP44, RPS3, RE6ML, RP77 and RPTML) ‘were foumd o T

[

have pos:LtJ.ve ‘or negatnre ovo:.d cells and pOSItlve catalase reactmns 53'
- . '1nd1cat1ve of Azotobacter groups. Only RPGMI showea any ma:ﬁll:.ty or - .
5 [ . \%
eee . i . - o5 -
By e flagellatmn, however,:there are non-mot.lle Azotobs ter Spp., . #
§i. - o (nﬁgtably A. dedjer), Colonies var:.ed‘ from .wh:.te .to.pmk, belge‘ or %
» ﬁ, o » .yellow. Further tests, including starch, mamnitol and mannose utiliza- , R
£ o Z\ o ‘tion, could be Used-to confirm these cultures as Azotobacter. 5
SR ,As 1nd1cated for the poss:.ble Azotobacter cultures, mednnn type d1d not
\ ) i
vappear to regtric%_colomsl development, w:Lth the percentages of cultures ’f
- _ . o ‘ ¢ si '
Co ,.about equal for all pH values. The prbport;lons of culture types derlved e s
e : o .from the supematant and from hie. macerated tissue are also close, f;.,
:" By o ] . - N ! ) , N 4‘;:1' .
SR 48 7Z are derlved from the former and 51 3z from the latter. 'This tendency %
E.v A I . SN a ° .. é L. A ' ‘!Tj;‘.
1s repeated for each of the groups of cultures above, it is therefore R
i T : g
i * unhkely thato any groups are restncted to the surface or the root : 3
h': - ’ o Y ' . \ﬁ' *
5y RN RE
O tlssue. Results from furthe:: stam:!._ugd and test trlals -were- 1nsuff1c1ent
B to posltlvely Ldentlfy any groups but md:.cate that a vaz::.ety of orgam.sms ‘
ilf L ) . .
" BRI , ‘ |
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e - .o - are present in t:he rh:.zosphere. Several groups of spore-beanng :
g R rods were- 1solated, both w:.th,ané w:.thout cApsules. Most of the cocc1
) k tested were capsulated forms and several were aeen to consxst of paxrs 0 A
e e e of cocei. Fourteen eultures showed pos:.t:.ve mot::llz.ty, most of these e
° i "B q 5 M 1e s ' N v & : ] R A

Two cultutes .

- .
», 7 .

bemg rod-shaped mth one to several polar flagellae. .

o displayed per:.tnehous flagellatlon.

: The maJoru:y of cultures were. = . |
— a capsulated as expected in so:.l meroorganmms Overall 1t appears L= o
A% R " : . . ) . g
i, G

i

that R. chamaemorus L. roots support a flounshing and var:.ed L K E £,
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B Observatlon of Rubus chamaemorus- L. populatlons in Newfoundland :

t

'1ndicates that they are smllar m form and development to populatmns

T S T

) m other parts of the world Observatlon of the specles throughout
. Newfoundland 1nd‘1cates that 1ts male.mum vegef;atwe ‘auccess .and fru1t ’. S ;‘i .
‘ . _' ‘ I. Alproductwlty are reached 1.n nutr:.ent-poor coascal bogs wrth poorl-yﬂ’ ' } i
5 L ’,.. . ) .deve10ped peat. . Such areaa are’ dom:.nated hy Sphagnum app. wx‘th R ;
3 ) the occasmnal (addltzon af Polytrichum SPP-» Rhacomitnwn Spp. and o _ o ___Ii__r_;
‘ lllchens .su'ch as Cladonia Sp'p_.(_ or Cetraria islandica in more northe‘rn'. - .‘» :
hlanltet boés. -. '-Empetrt;zh'nigruml. 1s the most frequent assoc1ate of | | 4 )
S : N R. chamemorua 'L. in suth‘ hag'b.itats.' This- Rubo-—Empetretmn nign - E
. -asaoclatron has- beentons:tdered typ:.cal of the exposed ombrotrophllc 131
o ;
o, ) blanket bogs of the’ northern coastal plams and is noted for the’ h1gh _ ,f
., .o ' . idensity and low pH (3.81 Ex 0.‘52‘)~of its,;underlying peat (Pollett, 1972) . R g
" ‘ ,‘ o R . Such peats generally have average total nutrient values comparable to j
; - A ather types, however, the avallable nutrient values are often lower.: : : 3
‘:" . “ o than in- any other type (Pollett 1972) Competltlve pressure :Ln ‘such . " o ' 2
A R o . ; . bogs 1s cons1derab1y lower than in more- nutrlent—rrch peatlands where- o v .
A »s L ‘ 'the growth of sedges » grasses. and erlcac1ous shrubs is eneouraged. . \ i -
; -m'_ ‘ Such a dlstrl.‘butlon is consxstent w1th reports'for oth(e.r I;arts of. the r%
;. AY .;range. v In North Amenca, R. chamaemorus L is descn;ed‘ as growmg‘ M% )
- U e _ in 'Sphagnum bogs and mountal.n meadows CBalley, 1941‘), peaty SOll"i ;.‘ 34 . 3,:
{ L ’\ throughout Northern Canada to the’ Arct:lc Ocean (Pors:.ld, 1964). m Co ; " f
5\ i Sphagnum bogs in Newfoundland (Scott, 1975)..; In Bntam l.t 1sr§’eported' .
.;' i s X . v-c!, ; h : : LY
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to bé largely restncted to mountamous areas mt:h ‘a low potent1a1

water def1c1t C Taylor, 1971) ’ ali‘.hough it .can g'cow successfully in -
Yo o ' o oy -

- heathlands and fertlllzed 5011 (Taylor and Marks, 1971) The most

\ .
o .‘ commou hab1tat; of the specles in Scandmérvla are ra:Lsed or open aapa
(' L C o type SPhagnum bogs and swamps ‘with well= developed spruce covet . ‘ ,
| -(Re’qu'l-l,, ‘19_29,., Mikmen and Oz.kannen, 1974) o ;,: : |
: - .:‘iloweif;af, as" "in' f:hese regiSns,'R‘ cﬁa‘ﬁaemrus L.'-in New‘fc;undlan& 1s
able to colom.ze more marglnal hab1tats 1f COﬂdlthhS perm:.t. " The
; - spec1es has been reported from a d;;':rI; ew;n;p as_sc;—c;l;;m 1n norgl;;est '
Mongoha (S1mpson, 1912), on snowflushes (Resvoll 1929), manured
; or grazed grounds (Taylor and Marks, 1971) and ;ocky or sandy coastal
£ 1oca11t1.es (Resvoll 1929" }ﬁkmen and Oikar:.nen, 1974) 'I'he latter
J;i are of spec1a1 1nterest in view of the dxscovery of R. chamaemorus L.
*’ in & sandy beach edge at’ (;ape Freels. Resvoll (1929) con81dered : ;.,m

‘ 4 " t‘nat t:he hlgh atmospherlc hmn:.d:.ty of such- hab:.tats suppl:.es suff:.c:.ent

SO ‘:.‘: ;i

A

|
i
!
|
|
1
|
|

‘ mo:.sture for plant grewth.,. 'I‘he greater product:.v:.t:y of R. cha.maemoz'us L.
' .. in coastal reglons .Wlth a h:.gh frequency of f/ﬂ,or rainy days dur:.ng ‘
4 o B ‘..‘_the growlng season would appear to support t:\lus view. . e a
) ‘:'Altﬁbugh". n‘:ariyh .s.pec‘ies‘, in’clﬁdiﬁg Cére:}'épp;,ﬂz;féaceaeﬁ and gt_aaées, are -~
; . * moted .as assbciéte; of "R.:c .emorus L. thr§ughout .1ts range (Résvoli, |
, 1929 Taylor, 1971 Maklnen and Olkarlnen, 1974), 11tt1e 1nformat10n‘
. . b ) 1
PR 1s avallahle concernmg thelr competitlve effel:t on. bakeapple growth. ‘
f - N '_ Observatlons throughout the programme, especlally the fesults of green— 4 ?‘
. ' J __ ‘l-house experments in wh:.ch compet:.tors were selecti\?elyﬁl:emoved 1nd1cata y |
R s N A S R A
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that ‘the competltlve ab111ty of . the .spec1es is fow agamst these taxa :':
, ‘ and that the d:.;tributz.on of 11. chamaemorus L. can be linked to. the
- absence of ~compet1t10n in poorer habrtats. “,!;nvxronmental 'factors o
.,such as .peat hum1f1cat10n, avallable nutnents molsthre corntent and ‘
\ ' exposure. act on the spec':.es on'ly mdlrectly by dmcouragmg growth of : i
- . ' . =%
spec:l.ea w:.th strxcter phys:.olog1ca1 lnu.ts. The 8:|.tuat10n in’ New— 1 ' ' % :
} foundland appears to parallel the Scandmavmn one, in wh1ch . ._" )’%
"In the present cond:Lt:Lons, the physiolog:.cal and o
‘ ecologxcal optma of the cloudberry hardly comc:l.de, ' ;
t A B | probably the. ba.otlo factors are much more, mportant . :'. L, # ]
):1; . . ). | than the nutnents . | . ;
;:; S (}ﬁ'kineo‘:é_nd (o)ikgr',i'nen, 'ilQ?_l.;). . . \ {
i ;;' Compet:.t:.on from these apecxes could be enhanced by their rluzomatous ' ‘ ‘
‘ & , growth wluch competes for bog space and ava).lable nutnents and their: i | %} B
" ' ",' greater he1ght and cover wh:.ch can easlly prevent ava;.lable sunl:.ght ' o :
‘ ' from reachmg the low yhoota of the bakeapple. Bt)}v;e*;el'wfwhere . SRR
‘ v : i
relatwely open scrub forest 1‘8 present around the bog surface ‘ R . ’
R. chamaemoaus L. 15 able to take a&var;tage of mcreaéed ahelter gl)ven o ’j ’
‘ . by com.fers and shrubs sueh as Populus spp. or- Alnus epp.. -In. shadeo . }
“_ . bo‘gs, ,d:.fﬁ\i:ences in: leaf shape and degree of :anulon between male - " Lo {
and female' plants are more‘ acuteC Rosanovt, 192)85 and plants. :‘m spr:xcel ) «; *
s N T w swamps and dwanf pme bogs possess larger. ahoots, larger leavea, more _ 1
. ’ / tapld vegetatu;e growth and more successful frult:.ng (Lohx, 1974) 3 é .
: ) . Fa
; - | The plant:.ng of 1ow wmdbreaks :.n Norwegzan bogs has proved effectlve . . g
: 'tl‘ . J.n 1ncreas:.ng vegetatwe érowth, flowering and fruxt:.ng (¢stgard 1964) i ‘;‘r"‘
}‘:n vl U L S - . ' : ' |
ke oo . |
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- ' -This phenomenon also occurs’ in the Newfoundland.population, for instance . SR

’ ‘at L'anse-au-clair, and: similar measures could bé valuable: % SRR

) » The sens1t1v1ty of R. chamaemorus L. flowers to c11mate is well dccumented o ;
N B '. .
. R T

(Malunen and 01kar1nen, 1979) “ Flowermg tlpes for the study popula- R AR SN
tlons were delayed by occurrence of severe wmters or late frosts but % "
: B on~averag‘e, agree W sources g1v1ng the flowermg time as June Lo B % )
‘ L (Ayre, 1935) m 1nsu1ar Newfoundland. R}T_svoll (1929) deacnbes . § : '-’
. altltudmal and latltg ina l. y_amat;ton 1n ‘bloomng dates. In_the - SR £ o
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southern extremlt:.es of its range, the spec1es }lowers 1n May and June

)
¥,

but it can bloom as late as July 25th in arct:.c ‘Norway. .. Populat1ons E

m northem Newfoundland and Labrador ahow a s:.m:.lar trend.l Accelerated

floral development in greenhouse transplants supports the v1ew that

. R -

var:.atlons in flowenng time are related to c11mat1c condltlons and

d
o3

o
o

B, Ay
.-

that development cannot take place unt:Ll thawmg of the peat and rals1ng
“of emblent' temperatures has.,occutred', o C
N 4 - . Lo o . "

ECPRE RS

h

2

Sl B!
.

' t
. .

Flower buds are especlally aensu:lve }o spnng frosts, w1th tempera-
\..

tures of -2°C bemg suffxc1ent\y low to destroy female flowera

.

CMaklnen and 01kar1nen,v 974) Male flowers are marg:.nally more

re31stant to cold (Jaakola and Olkarlnen, 1972) and appear earld.er '

v

than the females (Resvoll, 1929) ' uCold—shock t:reatment ﬁad no

!

effect on development e:.ther because lt was not admnlstered at

- ¢

‘{he apl}ropnate per:.od of - growth for a suff:.c:.ent length of tlme,
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e amature carpels, as can excesa:.vely hot or, dry weather as in 1979.

drAWn fro‘ni these,obs‘e'wavtions. - It is ,possible that.these' iusects .

S .
are taklng adva.ntage of the warmer surface of the flowera or are feedmg

on nectar but do:not transfe‘r pollen.. Results xndicate that measures

auch as the plantmg of w:.ndbreaks can also encourage pollmatlon and

thereby increase the . success of frultmg as well as vegetat1ve growth

o

(Hakmen and 01kar1nen, 1974)

) L

Berry develkpment in Newfoundland parallels the Scandmaxn.an utuatmn '. _'

'_where r1penmg occurs frgn August to September and is somewhat delayed~ o

t more northerly latztudes (Resvoll,\~1929) Success of the crop 18

' N
a

:closely assoc:.ated with flowenng success and J.s t:herefore affected

by much the same envxrom)ental factors. Wlnd and frosts can destroy - o

S

LN

Increases m the natural yleld geuerally depend on 1ucreased numbera

of shoots rather thaﬁ’ on mcreased berry aize (M’aklnen and Olkar:men 1974)

i It VI o My L P et o _
L
7L AL
; O ik
oo s e , -
el 4 because there is - an addltlonal requuement for changes 1n daylength '
PR - 4
. ‘whzch greenhouse plants do not experlence.
, ‘ B
"R.. chainaemorus L‘. is kno'v)m"‘_to‘be‘insect‘» pollinai:'ed‘-(Dell‘ ‘n., 1932;
-.¢stgard 1964, Taylor, 1971 KortesharJu et al. . .' 1918 H1ppa et .
al., 1978) predomlnantly by empedlds, syrphids, anthomy:.ds and bumble-
.Abees. . Insect captures at w:.tlees Bay J.nd:.cate that aum.lar groups ‘ .
‘.'.act as pollmators for Newfoundland populatlons. : In add1t1on ants ' .
were found in male and female’ flowers and may be 1nstrumenta1 in = '.. g
.‘Apollilnatx.on. Alth“ohgh ants’ and beetles have been Iound v181t1ng r - v«é ;
'b‘akeappie,fl‘pwera (‘Havas,l 1970) only cautlous .mterpretatzon can be'. ) . . ,3 ’
. ‘,‘-.;:4‘ "
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numerous aenial shoots produced durlng September in the w:.ld. Seed- :

Scandlnawan management and research procedures have concentrated on

~ I .
produc1ng more’ dense stands of bakeapple by reduc1ng competltlon and

"\' N

In Newfoundland pop’ulatmns, vegetatnre development occurs pﬁmarlly ce

O

:.n the perxod between berry maturatlon and leaf senescence mth

. * _\ .
encouragmg growth of ney shoots.v

.
ot

R T T S TS SR
Gt A e :

lmgs spread rap1d1y when planted out in. large peat-f:.lled boxes due

to thelr effect:.ve rhlzome growth It has been reported that 62. 2% IPRA A Co

v
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w_hoot dens:.ty at Baulme L:Lne quadrats. The best reaults were o ,',

\ compet:l.tlve spec1es (Makmen and’ 01kar1nen, 1974) - SR i -

of the total b:.omass of seedlmgs cons1st5 ofunderground crrgans

towards wh1ch most of the energy of ’ﬁrawth is- d‘ireeted (Resvoll #

1929) and that mature’ plants have -a tugh rétlo of subterranean to aerx.al

R O P Y
LREARAASR AR} cz.:-u"‘.‘i-.c..‘._v

blomassn (hhaver and Cutler, 1979) Shoot denmtles can vary cons1der— ﬁ
ably over a grven bog and J.ncrea.se on htnmnocks and s:.m11a1.'1y dry areas, . ’
"as. m Scand;.navla (Resvoll, 1929) \lM It -i8; therefore obv1ous that C S .* j
Newfoundland crop levels can be nuproved through the use of management
echn1ques wh1ch 1ncrease vegetatnre growth. " One such method, ploughxng | o 3

the bog surface so that rhlzo:mes are cut, produced s:.gn1f1csnt increases
obtamed by ploughmg at 0. 25m’ intervals. : New shoots develop at the

. edges of the cuts, as in Norwegzan expernnents (Gstgard 1964), however,
-an add1t1onal benef1t of,ploughmg derwes from-the reduct:mn of

Ve

. N PN . |
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E . ) Lo .

Greenhousé pr0pagatmn of R. chamaemorus L, successfully provided

Do a e st i3
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acceas:.ble pOpulauons for exper:.ments as prevmus work by orteshar]u
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e v A. | | “
.._;"f"'_" : o “ (1978) hag md:l.cated.' i Although florel'developﬁeht and floral’indiiction’
) - ' were -unsuecessful vegetatwe growth occur—eed—over a. 1onger perlod of . S :
tlme each year: : and numerous rootlets were produced :t.n the greenhouse | . "__ .
. plants.., Scandlnavmn research 1nd1cates that prOpagatmn by rhlzome - : '.’
! . fragments in the fleld J.s a_ v:.able means, of spreadlng R chamaemorus L. S E e
(¢stgerd, 196(4;.“‘ Makmen and Oz.karmen, 1974) . o , ) o ‘ 4 E
_ L - ‘-‘j‘_ Experlments on the ef‘fects of ‘mlnmum length and ap:.cal donu.nance %
I oh regeneratlve capaclt howed that the most rap:.d and VLgorous '
growth 13 obtalned from 'rhlzomes at least 50cm’ m length -vtlth.the aplcal K " - __
bud mtact._ Although non—aprcal fragments were able to sprout, thelr . o % N
growth was, weak and they dld not snrvlve the:.r fn.'st season. Dommence. o - H
patterns follow those observed in Agropyron repens L. Beauv., (Leakesr | .
‘ and Chancellor, 1977&, 1978a, b) and suggest that dlfferentlal | j
) concentrat1ons of various compouhds in the apex “and rhrzome contrlbute S x
C 3.
to the succees of regrewth. Rh1zomes heve been shown to: accumulate
A both non—structural carbohydrates (Sharver and B1111ngs, 1976) and qt
' growth substances (Shah and Ra_]u, 1976) and to be r:.ch 1n :thn.b:.tors *’ .
” ; . i and growth regulators in all seasons (Chen:.eux and Pet1t-Pa1y, 1975)
h . .o i
) The apex 1n part:.cular 1s aeen as an. -area of concentratron for many ,’
\ growth-promotmg substa.nces 1nc1ud1ng phytochromes (Duke and Wllllams, : :
1977) ‘and ammo acl.ds (ngam and Macl.ntyre, 1977) whlch could be necessary ¥ g
. for regeneratlon of rhlzome fraﬂ;ments. , Reaults from aeed germmatlon - . ,
i R . ' a
- é " ' ‘ .Q'nals 1nd1cate that the many drff1cu1t1ee lnvolveﬂ 1n preparmg and . ’:
§ germnatmg R. chamaemo.rus ) seed and n"xe relat:wely low germ:.natmn : ‘,é )




' percentages make vegetative propagation more practical. = -

' f(GA3) and k1net1n (Warr et al., 1979) wh1ch have been 1mpl1cated in * o
'.doz;gancy breakmg ‘of related speC1es (Lasheen a.nd Blackhurst, 1956 R

) Jenm.ngs and Tulloqh, 1965) Attempts to ut111ze acid scarlflcatlon \

s 1957; Taylorson and Hendrlcks, 1973 Warr et al., 1979) were 1n-
e:ff‘ectlve.,( Fungal mortal:l.ty can be conttolled usmg stenle techn:.ques :
.'for preparat:mn and J.ncubatl.on, s:.nce fungi do. not appear to be present
C n seeds pnor to germmatmn However, the slow development of

o seedlmgs lunJ.ta thelr potentlal use as-a management tool i .‘ E

' .The pollmatlon study could have potent‘:.al value in 1ncreaamg natural-
! ylelds of bernes. . Scannmg electron mcroscopy of female and male
flowers conflrms thnt con81derab1e amounts of pollen are released from
the anthers (Resvoll 1929) and that successful germmat:.on occurs . on
: the atlgmatlc surface. ‘ Hovevets pollen v:Lablh.ty is low (Mak:.nen and: '
',_Olkar:.nen, 1974) as” 13 st:l.gmauc Speciflcity ‘ "l'he dxscovery of ". =
erlcaceOus pollen germlnaung on’ R chama i‘us L. stlgmas raises
' . seyeral questmns. . St1gma-pollen lntera ti ons have recewed conﬂider-~
~able attentmn m recent. years, m.th the attract:.onA of pollen wall ‘
"-‘antl.gens for stlgmat:.c glycoprotel.n“bmdxng sites. seen as the key ‘

. to- SpeCIf.l(thy of pollen germ,nat:.on (Knoo: 1971' Heulop-Harrlson,

11975 a and b Knox et al., 1976' Heslop-ﬂarnson, 1976) g

¢

174

Ca

.

s )

_ 'Germmatlon percentages can ‘be’ 1mproved by the use of g1bbere111c ac1d "

R

(Moore et al., 1974 Rantala, 1976) as a subst:l.tute for mechan1ca1 L
removal of the seed coat to release excess cya.n,ldes (Mayer et al.," '%\
i :
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. ericads have been shown to haVe 1ow apec1f1c1ty reldted to - thelr self-— C
. 1ncompat1b111t2 (Reader, 1977) - The' flowanng penods of several Erlcaceae :

~ 1in Newfound

e pollmat:.on by 'forel.gn erxcad grams whenever ~t‘ne er:l.cad populatwn 1s
. h1gh énough - (Faegr1 amivan der PlJl, 1979) Measures whmh reduce ‘
',,competﬂtrve spec1es wh;Lle encourag;mg pollmators could therefore mcrease":
‘jthe 1nc1dence “of successful pollrnatwn. t lt is also notable that
: female flowers possess glandular tr1chomes whlch could produce nectar

S attract:.ve to poll:l.natlng specxes. ’

_Exam:.natlons of root. and rhlzome anatomy show that there are no sig—

ove'rlap w:Lth that of R. chamaemo.rus L and they shere

'many 1nsect pollmators, especlally hee spec1es such as Bombus and And.rena.,_:: | - ’ .

.' (Lee 1958' WOod 1961. Wood. 1865 H:Lppa et al., 1978) It seems- | | N
‘ ."llkely that some of t:he h:.gh pe—-centage of undeveloped female bakeapple :

'flowers could be due to mecham.cal or. chemcal :Lnterference w:Lth %

.-"

Cx
‘o

!

m.f:.cant structural dlfferences between R. chanaemorus L. in Newfoundland \‘
and plants descrlbed by Resvoll in 1929. The structnre of rootz and

rhlzome adapt these ortg)ans for growth :m a peat matnx and for:.. surv1v1al

i
. i dur:.ng harsh wmter cond1t1ons. : ('I){‘eevolli, .‘1929.)_ ._‘ o | o e ,‘_' . ; ":
‘Pheholz.c compounds were found m a. vanety of locatl.ons w1th1.n the ’ ; . "
-'root and rhlzome ‘and vaned in. type., Dense cells _ag d:.scu;sed in ‘ s . ,'
:prev:Lous work on R chamaemorus L. (Bal 1975‘ Bal and Sayory, 1980),' .75:< ‘ ] ﬁ
,were shown to. poesess phenohq depoalts w:.thm the vacuoles, along o '. K
‘.the topoplast membrane, ‘throughout the cytoplasm, leWeen the plagﬁ\
membrane and cell wall end in the 1ntercellular spaces and plasmodesmata. i
‘ 'Tann.lns have been 1ocal1zed in membrane—bound c:.sternae of‘ root cells % :
, ‘ : 5
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“‘f-whi,ch:-form'cen'tral'vacuoles- as thé-réot"t'issﬁé's diff'erentiate '(Ginz’-

Berg, _1967'); Terpeno:.d polyp'nenols ate contamed in spherule complexes

_ :m 1at1c1fers of Gnetum gnemon (Behnke and Herrmann, 1978) : A model

- SR for the format:.on of Cs—Caphenohc compounds and the accumulatlon of ‘ .

esters and flavanmds in vacueles and 11gnln m cell walls has o

. i

been pr0pos\e‘d by Stafford (1974) In th:.s model, ves:.clea conta:.nmg T

' the rnecessary mulugnzyme con"xplexes and subunits became attache& to .
ELL ) ro vanous organelles and eventually fuse, aecreting flavano:.da mto o
":. E | the vacuoles. : Other vea:.cles noming into contact with further enzyme
) syetems at the d1ctyosomea eventually channel ligm.ns aeross the plasma ; -
: o col | membrane v1a ‘the mcrotubules and into the. cell wa11.~ The‘ localn.zat:ton-' L
;‘_ s of ferrxc complexee in. stained cells of R -chamaezco.rus L.\ ‘15 m k-eepmg‘

'~ ) : ‘w:.th these pathways, partxeulaﬂy tb.e diacovery of phenolxcs m t:he .
‘ LT - plasmodeamata. L ‘ o,;c' i .: | .
s ’;‘\1 _— Specxf:.c local:l.zation of var:Lous phenolic classes further support:s

- ?} | "’ t:h].s hypotheaxs, wlth flavanold catachol tannlna tending to. be found
§g) \ ‘. ‘in cell concents and walls, whxle te’rpenoid compounds are lsrgely t
‘31 '.'_ L restr:.cted to cell walls. ’I’he fermer' show a. scattered d:.stribut:mn
i .. ; ~w1thm root and. rh:.zome. t1ssues, whereaa che latter are ‘more apec:.flc ,l
{ : .~ to bauds of cells :Ln t:he eplée:ms, 'xylem, outer pJ.th parenchyma and
) ” outer cortex. Both catech:.ns (Feucm: and Nach:.t, 1977) a.nd cerpenolda t
-f’:"j ) (Mace et al., 1974) have been 1oca11.zed in yaung growing tlsaues, "Z ) N
; \/ shoots and root txps respect:wely and have been 1mp110ated in growth
. . ;‘, and productmn of callns tlasue~ in, theae c;'gana. : The groups of poly-‘
o " phenollc-conta:.nmg cell‘shdesanbeé above' clearly pronae roots and
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T amlme-KIO md:.cate thac at: least some of these phenolics, notably

3.

B R ‘r.,

el proceeds pheno'11c depoa:.t;.on occuxs along t:he cell walls, J,n the T

‘ wauld seem to be delayed until the root ia more met:ur R

. -
T S o poly-phenohc compounds in’ clearly delineated zonea, ppss:.bly enhancegi |
5 o . by aculture,cond:.méns.- ‘ Although the funcuons of phenollc compounds n :;.
L are not as yet: com::let:ely unde;sto;d, enere 18 consl.derable .\:"' ,
T . . . evidence for the:.r role :m‘ defence agamst :Lnfectmn and d:.aease. T -?;
s ,."’ -\,' Tetpenoxds and. other ‘pl;tenolec dxsmfectanl:s have measurable ERTENNR
\ bacter:.ostat:.c, bactérl.c:l.dal and fung;cidal effects (Hegra, 197,7.. ";f_ " -
\ L‘:Lszka and Sendra, 1978)J 'Resxal:ance to dx.se;se has been linked t:o".""‘ L o
' "::..‘“ Co : : phenolic compounds found i cotton (Veech 1977). sorghum (Woodhead ‘
C e \ : . '

and Bemaye, 1978), eucalypts (Izppetts, 1976) and oak (Parker, 1977) §

t § " . .“h"sl"" .'~.—~""—“ C * . " . ) o ‘;l“"“., “')_ I L e
. rhlzomes rmfﬁ‘“sex;eral protect-:.ve "'barr‘ler" 1ayers; .Posit:.ve results w1‘t_h R

. . the terpenoids since t:he gtalned zones correspond are der:wed from R

, . ST L naturally occurrmg phenols wh:.ch hay,g been 1ncorporated 1nt:o the tmsue. R

’ .‘ The Qevelopment of dense cells follows general trends discovered :l.n‘ “
». | \t:heearl‘y atages of cotcoh f:.bre d:.fferenn txon by Rams'ey‘ and Berlzn"’
'-l-,:“ i 1: . ,, (1976) ' Depos1ts of ferrlc-comple;ced mteual ate dxffused m dry .
. P rad:.cles .but become more concentrate:i and nomerons after soaicing. . ‘1' _'.;" ‘{A,’
" It appears that: synthesla of polyphenol‘ics LB somehow tg).ggered‘ by‘ B 5
‘ ‘l’. _ ‘eoak:(ing .and m'ereasea rapidly efter t:h;.s stage. Ae developmenc ,-;l;”,

The root and rlu.zome of greenhouse-grown npec:.mens contal.n a variety of

[

ey Ty plasmodeémata end J.n xntrecellular spaces. Accumulatmn Ln the vactioles B
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endodermis where they: a:_:e'ahle"’}té prevent invasion of the vascular -
.tissues by infective organisms. - | o T AL A
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Mature healthy R chamemorus L. roots have been shown to possess a’

r:.ch and vaned mcroflora 1n assoclatlon w1th a th1n mucx.gel. layer .
g . -

"'.outsxde the eplde‘rmls and 1n cells of the cortex. Bactena are\largely‘

¢ 1

restrlcted to the former zone, although they are found in both macerated

‘tlssue and supernatants, fram ashed'roots; j Fungal hyphae are found"

-

within cells and transvers:mg cell walls throughout the Toot cortex .

as descrlbed by Loh1 and Havas (1972) Comparlsen w:Lth establlshed‘-

v Doy

’ descnptlons suggests that: these are pot ves:.cula.r—arbuscular forms. .

'.The bactena mth:.n the mucllagenous sheath are surrounded by fernc- L

. ¥
complexed matenal suggesung that polyphenol:.cs act - to rest:nct and

control the:u: assocn.at:.on w;.th root tl.ssues. ' Such sheaths or muc1ge1'

4layers have been descr:.bed m members of the’ Erlcaceae (Lelser, 1968)

e

Tl

‘Preliminar’y ‘identificat'ioh of.root' 'mi’eroflor‘a' eultures ‘show a varied

'roots (W:ﬁ.xams 1979, Rose, 1980) Azobacter Spp. may also be -

'present and addltlonally .enhance’ the process. as descrlbed for other

'and other fam:.lies (Greaves and :Darbyshlre, 1972) Thezr forms.tlon e

LI

°has been 11nked mth d:.rectlonal secret:l.on frem the Golgx bodles of ~

U@SCJMlper and Pask 1973) and can. apparently be stmulated
by the presence of m:.croorganlsms RN .

- R . T : . . - R

group of mcroorganlsms, lnclud:Lng possxhle members of the: Actlnomycetaceae,

which have been 1mp11cated ‘in enhanced nltrogen ut111zation by mycorrhlzal

non-symbmtlc m.trogen—fncmg hactena (Evans et al., 1972, Ml&hhst:.n

[N
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forms (Jasklewrcz, 1977 a, b, c), are consuiered to improve the nutr1ent .

oo, o utlllzauon of assoc1ated vascular Spec1es.

-
»

_Mycorrhrzae can also have a benef1c1a1 effect on the growth of host

s

orgam.sms-. Rad:.ata plne seedlrngs mth mycorrhrzal assoclatea show ‘

v a greater resistance to the flow of water from the so:.l :Lnto plant

) in halophytes, hydrophytes and xerophytee (Khan, 1974) suggests that

R o .' they can enable pTanta to. adJust to a 1ow mo:.sture content’ in. the

. substrate, perhaps as at Cape’ Freels. The rate of uptake of phos—

N phorous (Barrows, 1977 ‘Azcin et ala, . 1978‘ Ho and- Zak, 1978) and-

'nltrogen (Strlbley and Read 1980) are :anreased in’ mycorrhlzal roots. ,

‘ . : R./chanaemorus L. responds favourably to treatment w:.th nrtrogen and

1 phosphorous (¢stgard .1964) s w1th dry matter: y1e1d and flower:.ng

especlally 1mproved by phosphorous fert:.hzat:.on (Taylor, 1971)

( oot . The rate of phosphorous uptake 18 temperat:ixre dependent and a phosphate
leak oceurs at’ Low temperatures * (Saehd, 1970) \ B ,," |

: . 1,' . ’ E h ' " ) _' Phenolic .compounde_, :ahd mieroflora, therefore lapp‘ear. to interact .and .

B S . “enable R‘_.:"cﬁamafenprus_L. to utili'ze,nutr."reht;poor hab:i.tats'_. "—'Depoerts"‘

w
‘

¢ . . or undeurable nu.croorganl.sms, whrle the mcrofloral aasoc:l.ates :

] prov1de enhanced capabllrty in convert:mg and 1ncorporat1ug nutnent

T elements in the peat substrate. By thrs means , - R. chamaemorus"L.
‘ compensates for 1ts lack of competltrve ab111ty by be:mg able to colon1ze
[ . R . .
) . . .
1
ff. ’ o
— ; Nan i o8 e ! ! - ©s e e o R a8 s s

- and Yetut'sév, 1973) . Other types of bacterla, especlally proteolyt:Lc -

t1ssues (Sands and Theadorou, 1978) However, the’ presence of mycorrhlzae‘_ D

'of phenolics in' root ‘and rhizome. preirent exoessix’re:'infectioh( by aseooiated o

- ﬂ',‘,y.,g.‘m.:,-t. Akt e e v - - e e bt "t s - e e "
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' CONCLUSIONS - o '
« ' T I.: Field Observations “’" .
R e 2 ¢ 1. Rubus éhemaemorizs L. 1s found i ficted range of
. , - S ) e
g habltats in Newfoundland and Labrar ‘thar thern Europe ]

"and As:.a, reachlng -lte—mamamm productnnty -0y rlent—poor coastal

R

bogs w1th low competlt:we pressure. However, it can succeed in.

i
e

margmal habltats, ‘a8 at: Ca.pe I'reels, prmnded that: the atmospheno" -
- 3 . . L -

, . T humdlt:y ls suff:.cxently hlgh. ] e -
. (_." . N "q;. : . - . - : - ' . .
?’5‘ ' l 2. Its competltlve a'bzllty is poor, especlally agalnst Cram:.neae,'
b 4 — |
i - Cyperaceae and Errcaceae. These groups could domlnat:e
-3
¥ . the substrate w:.th the:.r rh:.zo:mes and reducé‘*avallable llght
: . to R, chamaemoms L. by then' aeri. al growth.
T - ‘ T - -
‘, 3. R. cbamaemorus L. responds well to mcreased shelter from . -
o . ’ w1nd and prec:.p:.tatmn g:Lven by’ forest cover at the bog edge and‘ R
] . dlsplays enhanced s1ze and product1v1ty in such 31tuat10ns.

R K ’ Y - 4
L, The phenology of both sexes is hlghly dependent on cll.mate, L

o S with floral buﬂs openmg only after the’ bog surface had thawed

’ Severe spnngs and lat:e frosts can destroy ent1re pOpulatmne of - :

: * male and female- flawers, leadlng to poor berry ylelds. - Transplanta—
e U R t:Lon to the greenhouse 1ed to earller flowenng. ' .
) =~ -5, Insects, especially Formicidae, appear to be important

pollinating agemta. . . . e

-
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be § sipdetg o (HERC Grawth Expen.ments e T e R — o i I
" - .-: ‘-‘ . 'T , o ‘. & :. | K 2 [ s & J . o .'., . Q. : . I '; ‘."'.“ ol
bt 5 O e F v omey i Cuttmg or ploughmg the bog surface leads to s:.gn:.f;cant { E
L ol s - el B - e e »“, & _‘ s .
% mcreases dn the productl.on of aen.al shoots in t:he fd.e’.ld. - L A
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B Y T 1 New plants from rhizomes can be auccessfully raxsed in the” ', - :

) ER S 2 : J L
Y ' 4 L . ~ N y
e N o greex;nhouse, with cuttings of at 1east SOcm showing the best j & 3.

s PR ¥ v
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i oL =T . -development afterw transplantauon. . Hawever, floral development 4.
= . g , &t .
13 A X o) . o - [ g ., s . I. - . - <..-{

. . . ia lnhxbu:ed by. greenhouse cond;t:.ons, posalbly due tb ‘a e b
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o ‘III. - Seed Germmat:l.on o ST el , " s
’ . 1 Mort:alxty, due to fungal mfectlon, is a 11m1t1ng factor in. t:he o e
Sy y germ:.natmn of R. ahamaemorus L. seeda but _ean be consxderably ST N '
v K & P L . Ky
i . reduced by preparlng seeds under atenle cond1t1ons. Fungl do not ‘
S ! ot L : 5—“
. N o : appear to be present in the seed prior t:o germmatlon, althodgh :
— bacterla may be present. L T T T ‘7% e
i o ‘ : 2 Germmat10n percentage is enhanced by 1ncuratlon w1th glbber— R b
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