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'The Adion of Carbon:1Le of Amlllonia on the Roota of cert~in 
rl~llts. TIy Cl],\ltr.ES DAltIHN, LL.D., F.R.S. 

lR.end i\lo.rch lG, 1882.] 

MAN, years ago J ohserved the fad Llmt when tho rooUl of 
Ji:llpllOrbia l'rp[lIs were placed in 1\ solution o{ c:u'bonate of am
monia Il cloud of fine grot/HIles wall deposited ill less thnn 1\ 

minute, and ,nUl Reell Lravc·lling from the lip up t.ho Toot from 
c('l1 t.o cell·. 1'he suvjec\; !lccmed to me worthy of furtber in· 
Ycstignt.ioll. I'l:lnts of the B:llllC Euphorbia were I.hereforo dug 
lip together with a b:lll of ea['th, and h:lving been left for a sllOr~ 
IjlllO in watcl', lite rootR were wnshetl clcn.n. Somc of tho finer 
tl'nllflpnl'cnL l'ootldR were tltC'!\ examill{'d, nnd l'occtiOli1l were mndo 
of t.he tllicker rooi1l, gcnenl.lly by my f<f>11 1,'rnnciR, who has aided 
lIle ill 1Il:'l11.\'" \\aYB. All the cells were found to vo colourlesl'! (l.1l(t 

d('RliluLc of any solid maller, tllO latit·ifcrous ducts heiug hero 
{'.\:('llIdcd from consideration. 'l'hf'se I"ool.s, n.fler being left for a 
few minutc!! or for seyeral hours ill eolul·ions of different slreng~hr:!, 
"i7,. from 1 t.o 7 pn rt.s of tIl(' carbOll(\te to looo of Willer, prcscnl..ed 
n wondrrfully chnnged nppc;]rance, A solution of ollly 1 part to 
] 0,000 of w;]ter' S11fIlcCf! in the conrse of 24 hOIl!'!! to produce tho 
same result.. In \\·cll-dc\'clopeu cases Lhe longitudinal rOW8 of cells 
close to the tip of the 1'001., with t.he excel)Lion of those forming 
the extreme apex, were filled with brown grrmubr matter,lIud 
w('re thull rClldcr<'d opaque. Long-conl.iuued immel'sion in wllter 
produced no Iluch effect. 'l'ho granular masses wero equaro in 
out.Jine, !iho tho cells in which they were eonlninedi but they 
often became rounded nftel" a day or t.wo; nnd t.his wll8lLpp;]rently 
due to \,ho conlr:ldiOll of tllC pJ"otopb~mic utriclE', Above tho 
dal'1{-browll ecJI~, which form n. tran!!\Tne ZOllO clQsO to the tip, 
lind which app:ll'clltly corresponds with the zono of quiekeat 
growth, thc roots, n.s scen ulH]er 1\ high power, ;]re longitudill3.11y 
striped with darllc]' find lighter browll. ~'ho 1!l\rker tint is due 
to the pl'ellcnce of innumcmble roundel\ granules of brownish 
1l1;]UCI'; !lrH\ the cell!'. containing t.hem nro arranged in longittl
dinnl row!!, while other longitudinal rO\n~ nre destit.utc of granules, 
1n a. few inat:lIlCCS Lhe rows din'cred slightly in tiut, and yet no 

" ·In.<;cclivo,,o>l 8 1'1'''>1~,' J87f" p f,,1. 'I·be ~"l~\'ci WI!! lit l.lonL limo,22 yCIlr8 

ngo, only ().16nall.r invr!lignte<J; Qnr! I lK'lillvn thnt.II'l"redgrentJy nOO\lt [.tin"(/,, 

nl1\(,~. illdrcd, ~"l\l{1 dilf"l'('nt ~p~l'ic~ W~~ 111('11 oberr\'ed, or lhnt t.he 6en~on of 
th(l F·1r 11IIlkl'_~ n great ,liffcrenco in the lx-hnriour of the roo13, which IS no~ 
pro\)ahle. 

Lb\X. JOtil\.';,~.lJUTA.i'iY, YOI,. XIX. 
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grnn1l1es cmlld be B(,(,ll in lho dar)!('I' ccJ1~; :\nd I suppose t}H\.t 
lilis \\"n.~ owing 10 !heir bcing 100 minute to be visiblo::. Occn
I'ion:dly, in tile lljlpCl' Jl:lrts {If tho rootll, the gr:l11ules bco:llno con

fluent, nnd f01"l11011 on(' or 1.\\"0 ~mn)1 roundell 1n::tfl!!CS of hynline 
browll nndlcr. '{'he f:.lripl·d :~pp(,:lrallce eOllletimos extcn(led (roln 

!,he tipfl of the finl'IlI. l"Oolld~ eloHo IIp to the stem o f the plnnt, 
Oil 11 cnsunl ill~p('di(ln il wou!ll h(' said thl\.t tho longiLuc1innl 

rows of hro\\-nish :lml of fllmol<t c()lonrleM oxlerior cells regula.rly 

nllcrualed with OliO 11lloL!H:: r; bllt, 011 clesI'l' examination, two or 
tllI'('c :l(Uoining r(lWS of celh 1\' ('1'0 oftcn seotl to eOlltai]] granulos, 

:l!H1 in otllcl' placl's two or thrco (JI"din:ll",Y rows conLaillc(1 only 

colomlcl's IIllid, fll one in!liflnl'C 1I1(1ny nAjoining longitudiunl 
1'011"11 ('ontnill('rl gl':ll)U ICII; bill, 1 he lell,l('ncy to nlternation wa.'! evC']] 

Jl('re wcll show11, n~ the :"I1tCrIl:l.tc ro\\"~ din'crcd ill tint O'om in

cluding a HI'catt'l" 01' lesf! lll1mhOl" of /';I",11\IIlcl\. J ligll up the rootll 
tlw aHcrilaLio!1f1 0((1'11 'lllik f.1ilcd, flf< nil tllc extcl'ior cells COll

fnillcIl gr.1nulcR, If a longiludinal I'OW of cells with grnuulcs is 
t raced 11p n rootlf'I:, it is IICl'll to be 1<(1011 inter ruptcd by one or 

mOl'O colOlll'l(,fls cells; hut I lm\'(' trnc('d fI8 many M! 18 coils in :~ 

row all conbining" grnlllllcl'. So, ngain, n. longi~udilml row of 
colotlrlcss cellf! ('hmlW'f; :Iftcr n limo into ono with granulnr 

mnltcr. Afl a mot Ihick('llf! llpwards, some of the 10ngitudil1:l.l 
rows of cells divide into two row!!; :tnd a. row contniniug granules 

11lfl)" <Iil·ido illtO two I<llch r()WIl, or into 0110 with nnd nuothor with-
011t W:l!lllICII; :\11111<0 it if! "ilh dividing rows of coloml('SB cells. 
J ('(mIt! lloL p('1"ccivo the 1cn~t dinCI"("IICO iu shape 01' lIim, or in 
nil)' ol1l('r c/tlll"nclcr, hetween Ih(' ('clls o[ the snlllO mIlk which 

coulnined lind tho~ (' which WCI'C d('Rtitutfl of grrmules. 
Ne:u' tholiV of th(' r(lol it is lhc ('xlCI'ior colis whioh become 

charged, :"Iftel" i11lm(,l"~il)n in I.lle lIolulion, with brown gmnulnr 

matter; nnrl I1li~ oftt'n llOld!! good \\·ith the cells of Lhe root-cap. 
lI i!!;IH'1" up the root, tllC la}'C'1" of rcll~ formeu by tllO altOl'nnl,ing 

longi!wlimll 1'<)\\8 wilh :lllri wiLhol1! gl"nll11108 is flomel-illlt'S bOllmlcd 

c\iel"ll:lll,r hy n In),(,I' ofcl1lp!y cellI', "hit'h, 1 flUppOSC, had by some 
In(,:ll1S bC(,1l cmptied (If theil' I'Ol1trl1l~, nnd w(lro rC(1dy to bo exfo
li:l!O(!. J3{'~idos I he ederior cell~ \1 ilh nlHl wiLhout. grnuulcs, many 
St'pll1":lle cellA in the pnrf'lh'hyl1l:1 :1.1. (Jitl'crCllt dopths [1'0111 the stlr
f:1C(" nnd nll or BC I'crnl of!l1C e)ongnb'd cJHJodcrm-oclJs surround
ing the t'('nir:11 \'n~Cl1lnl" blllHllt', nrf' mom 01' lops filled with gra
mil:ll" Illllttel", none of which cells contoined allY solid mat.ter before 

Om roots wero immersed. ill tho solution, 
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[ 61lOUld IWI'c fell, liWe ,<lurprisc at 1,110 elToe!; produced by tbo 
60111t,jOIl jf 1111 the cell~ of Lhe same nature (for iLl~tallce, if nil the 
exterior cells 01' n1l the pnrcnchYIl\l1,-cellB) hn.d beon efjually 
allcrled. 'rhe strong tendeucy to fllLemation in tho exterior cells 
is more especifllly renmrknhle. 'l'lrcre is fllso :mother remflrlmblo 
f.,d with '·(,.<fped to UI('SC lHUer cens, nnrndy, tha~ thoso contain
ing the granlllcl:! do llotgivc riso to rooL.hflirs, us these ariso exclu
sin·ly from til(' colourless rind nppnrellUy empty cells. In longi
Lmlin:ll scdions of one root, 02 hai,·s \rere trllced down to such 
colourless cells; and III'1\.',! llOt able 10 lind [L ~illgl0 one II.risiug 
from n cell Id,ich eOllt:tincd grannIes. Bilt I shaH have hereafter 
to rcturn to I his subject. 

\Vith respcd to tho ratc n.t which the grnnular matter is 
d!.'posilc(l, if a 1'00\,let is placed UlHler it c!1l'er-ghss n.nd irrigated 
wiLl! a few drops of Lbe RolutiOI1, 601110 dcposit.ion occurs beforo 
t,lrc slido cnll be lrallsfelTcd to the mieJ"OlJcope and tho focus 
l1Ilj listed. 11 tilin J'ootlet. \\,H,~ thorefore HI"!'anged for observation, 
nnd a arop of the solnt.ion (7 to 10(0) placed on t.he edge of tho 
C(wPI"-glass, a.1Hi in 20sccondfl t.ho cells ncar t.he tip became slight.ly 
domica. A not.ilcr t.hin rootlet wns pln.ccd wjt,h the Lip projecting 
bC)'Ol1rl t.he eOI'cr-gl:tss, atHl Lhe focus wns adjusted to tl. point n~ 
a (\islance of '07 inch fl"om t.he Lip, 011 which [l. droll of tho sohl
lion was then plaecd, and the celh~ at t.he above diataucO becn,mo 
c\oll(iy ill 2 Ill. 30 sec. 

Y;uiotls 01 hOI" soluli01ls, uCside t.hat of efll"bonnte of ammouia, 
cn.ullcd the (kpositioJ1 of granules iu tllC s:uno cells I1S in tho fore· 
going cn~es. This occtilTed eonBpicuol1~ly with n. solntion of 4 
pads of phoflphate of ammonia 101000 waLer; but the n.ction was 
not. so l'npid :1f< wit.h tlJC cnl'bolmle. The saine remarks aro appli
cable to uitmle of nmmOllin. A ~olution of one p:l.rt of fuchsine, 
I\hich cOlltailll; nilJ"ngen, to 50,000 of wll.ter dist.inctly ncted. A 
solutioll of 2':' pal'ta of pure cal·bo!lll.te of soda to 1000 water 
('allscd, aHcr 2'1 hOUl"s, tllC cells closo to the Lip t.o becomo very 
browl! from boillg charged with fioc granular matter; nnd higher 
lip t.ho rooLlc[fI, 10llgiLIIdillll-l rOI\ s of cells, eithe~ contaiuing coarse 
gralllll!.'!! OJ" pnle-hrown fluid lI'ithoutn.uy disLingltislmhlograuuleB, 
1I1Lr1"1wt('d wi\,h ro\\'s of colourlcss ccl1~. J~ast.ly, roots immersed 
for only one hOllr in:\ walch-glass of waler, to which t.wo dl'ops of a 
] ~p('1"~CCJlt. solulioll or oflmic acid hnd UCl'1l added, presonted au 
oxtraoniin:\I'yappramllcc; for t.llec)(tcJ"iol" cells in alternate rows, 
1101\1(" [HlI'l'IIC1\,I"I1I:I, alld most. of the cIldoacJ"lll~cclls containcd mucll 
:lImost. bh\ck g\':~uulat" maLlor. 
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'l'hC' g- r:1ll1lks prec ipitafed t.hrough t.110 nction of carbonnte of 
nmmolli:1 aI"(' I1C'VPr nfierwanh, rt!'! fnr M! 1 cOllhl judge, red issolved . 
]10ois still nti.l1ched to liI'ing plrtntf' WC!"C inllllerscd ill sol nl,j0l18 
of 1 part. of Ihe ('ar\)o11:l.te to !JOO, to 2000, and to 4000 Jlarts of 
wrllcr,nnd gt":tnllbr mn.t.lcrw:t1l dcpo~ited ill the cells in tho mill{\ l 
mannc!'. Tho roolfl were tholl left in dn.mp peat or in water, 
wilh the fll{'1I\fI nlHI ll':tI'{'fI ex pOlled to \,ho IIiI' Imd light, for variOIlS 
pC'l"iorls l)ol\I"('('tl 2 rlndl!J (InY8. Tllf' roots were thcn recxlullitled 
at dit1"rcni lil1l{,~, nnrl graunlcR wcr{' foulld in 11.1111081, every in
t't.nnc{' in 11]{' c('lla. 13ul. it ~h()uJd ho noticcd !'hat t.hough tho 
p\:lIll ~ ll)('lIll'('he~ lookcd hcnlLhy, tIll.' fillcr I'ooll! were naccid, and 
F<oll1climrs SIH)W{'d ('l'iil{'lIt. sigl1s of (\(.('It)' j so t.hat it. was manifes t 
trl.1t lIn'}" II:td 11('1'11 milch il1jlll'('d hy t.he treatment to whieh 
t.iIC,Y hnll becn lillhjrded, 1'l'obnl11)' by their immersion iu the 
Bollllioll. 

With rC!lpo('t. to Uw n"I.III·O of thc grnn1l1c!\, I mn Ba.y uul little. 
~" Il('.r 11('1'0 110t (\il'.qoh·crl lJY long-continllcd irnmcrlJiolJ in nlcollo ! 
or ill nedj(, n('id, (>1' by ilTigntion wilh flUlphur ic ct.hm-. They 
were !lot dir;s()lrcd lIy 11 lO-per-cellt,. flolution of COlllmon snIt, 
which ,,:ts tried nt lite wggcsLioll or 1\[1'. Vinc!l, who 1mB fo und 
tllt1t llti.~ .~oluj iOIl di$soh('~ nkurone-grait1s oil,hcr pllrLi:111y or COIll
l1kll'l'y. Wlu'll ~cctiolls 01' root1et~ conlaining fi'rsMy deposited 
~nlllll1cs \H'n' lcn fll)' a dny or two in gl}(,f'rinc and WilIer, t.helie 
\\'('re lin111ciilllC'~ urol,('l1 \IP, so rlS to he no longer visible, :tnJ the 
ccll-I'ap iu thifl C!l~e nCfjl1ircd 11 brownish lint. 'V hen scctious or 
thin roollcls werc hentcd for rt short. limo in n,modCl-nlcly strong 
solution of enustic pf)tn~h, rind nff.c rw:lnl" left, ill it for a clay or 
1,\\"o, th(' grnlluks \1('1'C dislioiv{'d; whercas t.he hyaline globules 
in tllC' latieif('t'o1lf! dud!" w('ro nol, tliSRoh'cd. ]~rom t.heBe Beveml 
fnctll ] ~llppo!'!e tllal Iho grll.llulet! nr C' o( the nalure of protcil}. 

A ftc/' 1'0(lls h:ld uecn left lor 2 01' a 11Ii1\lItes i1\ watol' hOlllcd 1.0 

1\ h'mlwl'I1! mc of 2 \(Y'~21:.!o ]<'., :I1Hl wcre t.he n placcd in 1\ strollg 
solution of IIlc cnr\)onnl(' of IUlllllOllia,llo gmllul:lr maller was 
de po~ilcd; and t.Jlifi S(,OIlHl t.o iudicat.e tllnt thc action is 1\ "ital 
onc. Oil the olhel' hand, gl'nltules were oft.ell dcposil('d in 1,110 
o('IIR, cvcn tho loosc cells, of lhe rooL-cJtp, nIHI it is very doubt.ful 
,,·hdhcr lhc~c could bo alive. r Illay ndd that these 1'00t-cnp 
ce ll:>. were coloUIT\I, hy a wcnk Bolulioll of fuchsine, of a brighter 
1)inl, Ihan tho~c in othor pnrts of t.l lo mot.1ch. 

Otllff' FlIl'horbiflcro1/s Plllnfs.- 'I'h(' c.~t.erjor coll~ of t.1w root!'! 
of llllpllOruia am!J9ilrdoidcs IIcro lIlueh lest! actccl Oll (Nov_ 1(;) by 
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1\ Rolution of C,'l.rbollll.tc of alJlt!lol1i:t UlIIll tho~o of E. Pcplus. 
H oro :tlHI Lllero two :\11(l t.ln'co ccll!! in a I'OW contained brownish 
gnulIlles, lu\(I t.hosc l~boundod in the elongatcd ondoderm-ceIl9. 
NOllrly the ro:UllC l'cll1arlu~ arc ;\[1plic;lblo La E. m!lrsinites, though 
in 1ll0~t Rpc('imclls tho cell!! with granules W('I'O still rarer. l'ho 
roo!.s of t.WO') f\('shy ~pooiefl, E. ,",/lpsa/oides and omitlwpWl, did not 
np[l(,r1.I'to b(' :1t. nil an"octcd by the il('!lution. 

"'tn'ning now 1.0 other' Euphol'bi:H'(,oll.~ genom, tho roots of 
Poillulfifl, lJUldcl'I'illla, Jl[ani/tot Gla::iovi, Croton oblongifolinm, 
amI If/wea '<'~II'lIei(l/](! wero not n.f1"cctcd. Nor \1"ero thoso of J1Ier

cllri(dis pcrcnni.~, ail f:u' as t.ho oxtcri(lt, cells MO conccrJ1Cd; 
hut. hne nnu 1,11('1'0 !\ sing lo coil in tho pnrcncllyrn:1, becamo 
bllIO; bnt. th('~o cells WNO 110t. carefully cx:\minctl·, Judging 
from llio ('n!'cs preflcl1!ly 1.0 be given, they probably contninod 
grlll!lIles wllich had VCCIt precipitated uy Lho IttJllllolti,'1, l3olution. 

On the o!ller hnnd, i,he root.s of PliHllrmtlws comprcss!" wero 
f"1)1l.~picuolJsJy ad cd on hyan imlllCl'sion of 21 hOllrs in ll/lolu

tion 0/'4 p~d, s of the carbonate to 1000 of wat.er, though in n 

somewhnt. uili"crcnt manner from t.l105e of Euphorbia Pcpll~s. In 
}11l1't.s lhe ext.erior cells in ma.ny :\(~ioini!1g longitudinnl rowe COll

taincu browniflh gra1l11les i while in oth('r p:\I'~8 at. no great dis
tallce mrmy :td,ioining roil'S \\'('1"0 colt){[I'!el!s and empty-tllllt is, 
eonln.i1\cd Ito solid matte]' . For illsbnc£', in one plnco 13 IOllgi
hHlinl\[ rows with grnll111es rnn Illong"ide ono Illlother, the1\ cl\mo 
a single row of empty cell!:', find thcll at least.!) rows wi~h gra

nuleR. III anot.hcr phce thoro wcre 13 adjoining rows of cells 
nll cmply, 'V hen one of these I'O\\'S WIlS followed tip or dowu 
the root fat' some distance, i~ eh:tnged its oh:lI'l\ctor, either 
hecoming or cc~iug to bo gmuu/al', and then rcsuming its 
formel' ch:\\':tct,er. Close La t.he t.ips of the roots 11,\1 the longitu-

• The rhimmr~ nnd buried pnrl..'lof lho SI.cIH~ of thi~ plrmt lue while; but 

aft.of j",mcnioll {or a lin'\' in tllo ammon;", solulioll they bc~amo in pnrl!! I'lilh"r 
rnl" or rich bluil. 'l'hi8~IJnllgo of colour oe~,~ ~ iullnl1y occurred in par(.soxpOSC{\ 
lo tho air which h,~d not OCCII snbjrctcd to t.he solutioll. A~ a simihu chnngo 
OCClin ill cerlnin f'Cn~ in the root.s or vnrinn~ ]111\nlo8 nfl('r lh~ir innnCl1Iion ill 11.0 

mlut,.ion, Ta .• ke(1 ?lfr. Sorbylo bo!lO kind:l~ 10 ex"",iuo tho rhizolllCllat1l1 undor_ 
!(rollnd ~tClilS of 1110 J1fcrcurialls. Jlo informs mo thnt ho doe.~ not llmlcnland 

II,,, ch"n~o of r~lo"r ; hili, ho 11':,8 \limbic t.o ~I'nrc limo for" full c~amill"tion. 
11" ("'"1(\ tl,al.whrn Ihe rhitomt"s nnd St.omR wero I>oilct\ in llioohol, thoy yielded 

111:'11 In wltiel, wa~ ~ol"blo in water, "nd which IIpll"nI'ed 10 p'U!!! ~o mpidly into 
n brown sub~ln"co with rnriou~ ~hndc~ of green, lIH,t lh(' ro:,1 change WI\II hidd"n, 
On Ille wholo, 11'0 :ll'l)cnrnnce~ diITerW a gooo.l dc:d frOIll those observed by bim 

in tho cnsoofbluo(Jowrr8. 
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dill:l1 rOWR of ('rlls ron1air1('(1 brol'·lll",11 ml1.t.torj but 1,ll1s mnLtcr 
in ROl"cml In~tancf'S ('(1nHiflt,ro. or fll11nll dark-brown sphercs. duo 
npp:lrcnlly to tho n~gr·egn.Lioll of gmnulcs. '1'hc cnd(Hlerm-eclls 
round tho vtt.'1(,ld.'l.r bundlo ronlllirtOd either similar spheres or 
grnlluh1r mntt,er. 

As many nrljoinill':: rows o(eo118 on I,he sllrf,"\ee ofLhe roots of 
thifl plnrrt. hnd fllt' M!l10 cilarn..('/er, ;H\ f'xeellen1; oppor!;unil.y wnfl 
lI(foTfkd for ohflC'l'ring the ]"C'la1ioll of' UHl root-hairs 1;0 tho ce1!s; 
1IIl{1 in IlcvC'r.1l d;.~s('dc(\ roo's it IlM Ir1IlIlifC'!!t thaI., II-S n gor1Cral 
rlll(', lhn Imil"s ro~e f'xc1l1,,;vcJy r!"Om I'he co10urle8s empty I'clls j 

whrl"ClIs nOIl(' n1"l)~(' rrom I.hoflc I'onl.aining granules. Twice, how
ever, p:lrlinl (':,\(·rpliol\s to thi~ rnle were ohscr·vcd: in ono eHfO.e 
111(' cxj('rior walls of two IId,inining: I'('ll~, and in IIl\0thcl" CMC f!lOflO 
or four IHljoining I'cJ\f!, projrctp.rI, ~o I,hat, they formcd !!hort bhmt 
papi!1ff' which ilwlllr\r!l gJ":Jnnlc!I; :Jnu tbose papi!1re cxnctly 1"0-
!lC'1l1Ulcl\1I11f("cnl rnot-Imi!"fl. It i!lll(lt, however, certain that they 
would en~r hal"(' bf'come flilly uf'velopcd. 

All I1IC ('xt-nior c{'lIfO. dose 10 Lhe t.ip oftilo root in this cflse 
11THI in Illa))y 0t11CI·1\ rontained 11l:Ju,cr which was ncted on by cnr
honnle of n1l1monin.; nnd I waf! led hy viltioua nppcflrll.nCCS to 
1I111'1'M{' lit 011C limo lhnt, thi'l m:ltter remnined in all the higher 
cells 1]111 i1 it W:lS consumcd in lIorno of f.hCDl by tho rormation of 

tIle roo t-1Hti rH. 'j'jl('kl(' cOHScqurnily would ari~e exclusively from 
c£'1I" in which no grnlllllc!I would be df'poflit.ed when they woro 
:ldcd all hy Ihe ~\Olu';{ln. In opposition Lo tIl is suppoflitioll is 
tlto fnet, firs!:, t.hnt rool-\mjrs cO\1ld be seen beginning lo bo cle
,'<,loped from empl.y cell,,; and, secondly, t11f1t very Tnally cclls 
wlrich \I"cre em ply nppnrcrltly h.,d nc"cr produced root-h~liJ"lJ. 

Nor docs t.his notion t.llI·OII· lhe \callt light Oil siogle cells in tho 
parcnehyma and on 111:111y ccilR, though not ail, ill tho endoderm 
cont-aining granulnr m:ltt.er. 

",Vilh auoillel' J~tlJlhorbi(\{'cons plnnt, Crcll'f.}{)/l!fnC ill~cifoli(t, tho 
imlHersion for 20 IW!lrs of its !"Ool'l, ur of Lhill scctions ofthc roots, 
ill :1. solution or <1 pnrfs of cnrbolln1.c of nmmonia to 1000 parts of 
Wilier pl"orlllccd n !;illglilar Crrect' i rOt mfUlY seraratc cells in tho 
pnrf'l1chYIll:\' :uHllhoso iu 1.110 ('ndoc1crrn surrol1ulling the v:(.sculal' 
bnlHl!e Mll1ll11Cd a pnle or (lark hht(·, aud somet.imes OJ, greclliRh 
cnlOHr. As f.'lr a.~ J could jU(\gc, both Lbo grallulrs within these 
ccllf! 111ld tho ceil-fl:1p ]'c('1I11Ie l,hufO. coloured. J.r-rigation wilh Ilul
phurie e!.lrcr did not nO'N'I, the colour, though t.he Ill:\ny oil
glol1111p.8 ill tho cells 1\"Cl"C dissoh·cd. 
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'.Phe foreg:oing obscr\'[\.tiollS on the Ruphorbiaccro led InC to ex
pel'iuH'ut 011 t.he l'OUt.S or 80mo othel" plrtllts belonging to vnrious 
fa111ili('R, At one time I erroneously imagined thi'l.~ there Wfl.S 

1101110 1'01;I.1.io11 betweell the delJOsil,ion of grannies in certain celie 
and 1 h(' 1'1"('1'1011('.0 or lnt.i('ircrous duels, and consequently an unduc 
numu('l' or plante!.! \\'i(li mill{y juicc W{'fC Aclccted for oU8crv1l!ion, 
A solution of ca1'bonate o f :l.111mo11iaproduccd no obvious cffcct 
nn t.he rool!l of a fl11lall l11:~jol'ity of the pl:l.1Il~ which wero tried j 

but (111 Myer':ll :~ Blight, and on oth('r~ a ma.l'IH:d, dreot Wflll pro
duced l tlholJld fllate lIlat Wl1011 thc e;flc/'ior appellrAnce of A r"ool; 

did not ilHlirale [my :lcliol1, 8cdioM WC1'e rarcly made; 80 timl; ill0 
illl ('riol' cf'lb WCI'C not c.~amilJcd. No obvious eO'cct was produced 
II illl nl{' 1IIIIo\\il1l{ pbll!.~ :- AI',qemolle ,q/'atldijlol'l1, lJrI1ssiea ole. 
,'/'/'('(/, Vici(l IUllilw, Trifr,fhon rCpel/lf, Finca "Olloa, JIo!la camprrllu· 
lfllr1., Sll1prlia hl11nflltl, SchubCI'l;a ,q,·avcolclllf, Oarica Pa)Jaya,Oplllllia 
bnliviclIsis, Cururbifa OVifcl't/, n. J3egoni(l., Beta vulgaris, 'la,ruB 
{mccaf(l, C!lcra prcf.I:Itr1.!a, P/talnl'ilf c(tnlll'icl1sis,:I. common pasturc

gl'I1f1S, LI!II1I1r1., I1nd two specics of Allillm, It may Jwrhnps bo 
wOl'th noticc that tho l'ndic!os, but not Lhc hypocoLy lB, of seed. 

lillgs of Brla vlIlg(//"is wel'c cOlllplrtc!y hilled ily n.1l immersion for 
20 hol1l's in solutionfl of cithcr 4 01' of only 2 parts of tho c:l.1'bo

ll:l.tc to 1000 of Wr\tCl'; and Lhis oceun'cd with no other l)lant 
which \\':1...'1 t.ried. 

·Wit.h the following pln.nts the lIolntion produced Ilome p,light 

effect. 'J'110 I'oolsof n. fCnl,.1Vepltrodillllt mollc, wore immersed {or 

20 hOlll's iu a flolutioll of 4 to 1000; alld this caused tbe deposi
tion of flO me hrowll gmlll1lar mAtter in the cells nenr their tips; 
:Inti lllQ1"e or less eOlll1l1onl. globl1les could be seOll in tho undcr
Jying pal'ellchymn.-c{'lls. So it was with an U!1l1nmed greenhouso 
flJlccies of fern; n.nd ill this case the almoflt looso cells I]f the root
cap contnincd brown granules, 'l'he 1'00tH of flo Ranunclllu, 
(R. (/c/"ts?) simibrly tren,ted exhibited nenr their tips brown grn

nubr Ill:lUer, ~'he Lip'" 1l1ao of the 1'00ts of IJiPSl1CU8 8ylvcstris 
hcc(lmc, Hndel" flimilal' treatment, alm08t bl:lck j nnd higher up 

the root!', hero :In<1 1.here It Bingle p:lrcllchyma-cell wns coloured 
pnle him', TJlis oCClllTed in Olle insL:lI1co when n. roo~lct wns 
looked ,'It :l,'i minutcs after irrigat.ion \\"ith Lhc solution, Severnl .. 

rools of .Apium .'lrnvcolcl111 \\'cre lcft for 20 nnd 24 hours in Bolu
liol1l! of 'L and 7 to 1000; and ill some cases brownish grnlllliell, 
mol'c or IC!'.R aggrcgated t.ogether, wero (\eposited in somc of tbo 
exterior ccl1~, and a rcw of the !leeper cells ill tho parollciJyma 
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\\"('I'C coloured blue. The t.ips of the roots of Pasfi1laca 8afiVl1 

turned tl:wk brown by rl. similar illllllcrf'ion; but t.his WIlS due to 
the formation of orangc-brown bnllB of lIlflttL'r Ilcnr tbe vascular 

bundle: high('r 11]> Ow rools LllCre we're no gl'lluulcs in ~llC cxto
riol' c('l1~, The \.ips of the rooh of I.Almirm~ pltrpUreutll, aJLcr nil 
immcl'sion of 18 IIOIO'S in II. solul.iou of '1< t.o 1000, were rendered 

brown, nnd the ('I'lls eoutn.ine'd innumerable pale-colourcd hyalino 
globlllf'Il, The oldel' roots of I.confodoll 'lura,meum and of n. S07l
cltl/,~ h:HI tll('ir tipfl1.urncll brown by the "'olution, '\Vith Laduca 

satim Llw Lipfl were rl'nJercfl opaque j 1,lHt. milch grl'lTlullll' maMel' 
,nUl not dcpol'ilc(\ C'x('epL in that. of Olle 1'[\t.hc1' thick lending root, 
ami here "hOI" IOllgitudinal roil's of cells cOlltn.illing dark-brown 
gl'll1lul:'Il' mat.tN a!ternn.tcd wit.h rows of colourless cells; 1.ho 
.'!luHJflt loose cells of tho rant-cap Ii1wwise contniued brown grfl

llU)Cfl, fn tllO !lcver.'!l following CMCS n. much moro strongly 
m.'lrlled ('m~d, \\'a~ prodl1ced by \;he solution . 

U"[;ca, - 'j'his plant, llw COllllllon ncWc, shllll be first. eonsi
der",\, as it, is di,llfll\!ly fl.lIicd 10 the Euphol'bin.cero, 1.hough tho 

roots [Ire not. flO much nfl'cc\ed as in s1lccoeding CMOS, Several 
rools were lefL for 27 hours in II. solution of t.he carbonllto (4 to 

1000), In onc of them the (';o;tcrior cells wero plainly tinted of 
1\ brown colour in lll.'!ny iongitudi!l!1l ]'OWS, but they contnined 

no "iijible grannIes; nnd these rows rcgulnrly a.!Lernaled with 

ot.hers formed of colomless cells, In allothor pflrt of t.his sarno 
root fill t.he extl'rio[' cells were colOllred dark brown, alld con

tained visible gr:lllU\(,s, which were gcnerally collect.ed into heaps 
fit olle cHd of the ef:'l1, or were fused t.ogether in Borno iusta-uces 

int.o small bro\nl sphf'rcs, In a ",ceond, mthcr Lhick )'001" tllero 

w:rs II. ~l):lce in which nil t.lw exterior (:('lIs had become brown; 
huL.'It no gr(,,'lL di"L'lnc(' )'OWfi of brown !1nd coJOUI'lCSB coIls regl1_ 
larly :rli.ertl:lled. In a Ulird, mUlor Lhick, n.llU in a fourLh, Lhin 

root the HIt.erll:~Lioll was c:dl'cll1cly rcgulnr, Ncar the lip of n. 
fifth (thin) rootlet t.wo l'OW~ of a brown colour ran nlongside olle 

anoLlwl' ill ll1:J.llY places; but wIlen t.1le~e atJd other 8il11;Io rows 
Wl'n~ iraccd Ill' Illc 1'001, t./H') cll!UIg'od into 'colourlf!S8 rOWB, and 
nftC'rll'!1nls I'CnSSU1l1et! t.heir for1l1er character, 'Vhencver lho 

l'ooL-!mirfi wero t.rnccd {IOlrll lo j heir b:~~es, they were Bcen t.o 
:lI'illo from colondess ccJl.~. Nl'itir('r gnll1l1lcs lIor browtJ {[uid 

wcre olll"cncd ill Ihe parenchyma-ccDs 1101' in ~hosc :mrro!llldillg 
tllO vasculnr bundle-, 

SOllle roots which had been left in water for several daYIl wero 
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longit'Hlinnlly striped with very f(~in\' brown lines; and one cell 
was otlf!erved whieh included gmuilles; ~o tha.t pla.in wa.ter pro
duccs ~Ollle {'lfect. 'l'hcBe sa-me foots, n..rtcr being irrigated with 
n solution of 7 to 1000, were left f()I' 2 ~ uOllrs; and 1I0\"f" tho 
lougiLudill1tl I"OWS of brown cells had become much <hrker, n1.ld 
pre!lcnted n. milch stronger contrast with the colourless cells" 
Several of the brown cells morcover included gt"auulcs, which 
hCI'c and there were aggrogated into small dark-brown rounded 
\l1MSes. 

DI'ose/"a, DWI/((!(I" and Drosopl'!llbtm.-l'hc roots of the planh 
[H.'longing to these threo closely allied genera. ar"o strol.lgly nc.ted 
all by a solutio/l of carbonate of amlllonia. In tho caso of a 
young plant of the DiQlla:a, nil the exlerior cells of the roots, 
after immersiun fOI" 2-1, hours in n s(lI\llion of '.\ to .LOOO, contll.i.uml 
almost blrrck or amuge, or ncnrly coloudeBs spheres and rounded 
masses of translucent mn.tlel", which wel'e not present in the fresh 
roots, In lhis ense, therefore, tho extel'ior cells did not ditrer iu 
t1lLernn.1.o rows. Nettr t.ho ~xtremity of one of these rooh mnny 

separate C<,09 in thc parenchyma, iLS secn in transverse sections, 
contained similar t.nmslucent flpheres, hut generally of an orl\nge 
coloi.lr or colourless. 'l'he cells surroulldiug tho vnscuhlr bundle 
abonnued wit.h much smaller' dark-coloured spheres. 

'],hrce main or leading roots of Dro8oph!Jllulli lusitalliclJm were 
cut off and c.mmined before being illl11ll'rsed in the solution, rmd 
no aggregated masses could be scen in theJn. Two were left for 
22 homs in a solution of 4 to l(x)(), and they prcsonLcd Iln extrn
onlillnrily c1rnnged nppelll"fl.lLCe; for the exterior cells in many 
rows from 010 tips to tho cul-on"cndsof the roots included either 
olle large, or, more commonly, several sphrricni or OV8[, or ooIutnnnr 
masses of browu trnnslucent matter. 'l'ho columnar masses had 
sinuous outlines, and nppcal"cd to hnvc beeu formed by the 000-

nuellco ~f sevcrll.l slllllll spheres. The loose, or nlmost loose, 
oval ('ells composing tho root-cap includeu similar brown spheres; 
[lnd this fact deserves attention. '1'1"0 rows of cells containing 
thejllst-dcscribed maSf;t's often ran rip tlte root IlJongsi(le OlltJ :lUO

thel"; and sometimcs there wero three or f 0\11' wch adjacent rows. 
'J'hCiOC nller1lnLed with oLhers which were colourless, and contained 
eitl](']" no Eelid matter, or rarely :"10 few minuto palo spheres, 
The8e mob, II'cro carefully examincd; nu(\ n,ll the many root
hairs arose from the colourless rows of cells, except in 80me fow 
C:\!IC8 in which the cells on boLh sides abounded to an unusual 
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r1rp;l'(1{' wif.11 ng-p;rrga!cd ma~~e~; nll(1 lH'ro root-lmirs arose from 
ccll~ illdudillg a vcry r('w minute spher('~, 

In l ongit.lHlinnl l'\Ccl.iOl1R of !hrl above rootR, the c('118 in tho 
pnrenrliYllm nt (lilr('1"rllt {kplhs fl'Olll the fl\l!'face wero !Icon to 
include f<phrl'c~, bllt. IIl:lI1Y of them were of smnll ~iw nnd pa.lo
('o\onr('d. TI1I'l'C1 waR no mn1'1(('d jm'I'mu,o in Lhe amount of 
nggl'<"g.1Iell ma1,j{')" in the rrlls ('loRcly 811rrollnding tho \'nscular 

hUI1<II(', n!l ill ~o orten Lh{' ('n,~o wilh nf.hrr pln,nL~, 

T he lhird l'1I1-oll' root. II':lH pl:wcd untl{'r Iho !llicrOlwope, nml 
Wflfl ilTignlcfl \\' I1 ,h 11. !'.Olillinil of7 to Jono, After 13 mi!lui.el:l YNY 
small Ir:111f1luccllt grnnul(,!1 rOlllr! he !l('I'II in many of the cellfl; 
:111<\ nnN :\!i minllh'fl ,,('nTal 1'("11" nrllr Lht) ('nt.,of}' ('no. contained 
lllntlr]':i!f'ly l:ll'/.:"(1 flpilf']'('fl or tl':lIl'<hll'Ctlt. mattc]'. ]J il t I llllPPO!lO 

11Hlt I1le I:lnln/inn \\'[l..'l \-rlO fltlT'llg; rnr Ihe gmnulos dil:lappefl reti 
art,I']' a"n1lt. 4:. IlIil1nf.e~, {'x('{'pl; ,'l''''e 1,0 Lbe Lip; nlld t.hc I,igher 
pndfl of Ih(' !'Ool, 110 l{'Ing-! 'r I'rl'~rnt{'tl 11. flltiped nppenrltnre, 
N('I'{'I,thf'le!l!1 the 1:ll'gc ~phl'rit':d, n\'al, n!lll oddly shnped m:u!ses 
ill fh(' c{'!1~ n{'flr I hI' ('lIf - ol!"f'IHI r{,!11ainel! perreet, nnd lh{'y lY{'fe 

Ilatchl'll fflr the !lPXt. 2f hOI1l"fl, Dllrillg' this lime th{',Y fllowly 
rhangcd I h{'ir Rhllp{'O', hut 1\01, nftcr\\"anls, t.ho ugh ou~oTl'cd for 
nearly 2, ~ JlOllrs. FM i!1~tanl'e, lwo spheres in one cell uecamo 
('onHIlf'!lt lind form('lt nn oval mnl:l!'l; two other sphNe!' r lln 
I:og:elhcr nnd fornwri:t dumhul'll.shlljled body, which ult,ifl1:'1.!oly 
c11nllgl'11 into a "ph(,I'e; nm1, la.~tly, an irl'egular muss first beeamo 
ovnl, I,h('n lIuifed ib<elfwiLh IIrtoLh('!' oval mass, and both togot.her 
b{'(',1me !':pJlcril'lll. 

S(1xlfm,'11l "m"rQ.~a,-'J' llil:l plrllll, from its nflinit,y to t he Drosc
]'fIr('n" Will! cnrl!orily ou"erl'f'(l. MnllY of the exterior cell" of 
fools \\"\lil'll ha.\ h('('n imnW1'l;e'\ for I!l hours in n solulioll o r 
", 101000 were (illl'd wit.h bl'OlI"l1 granular lllatter. Only two or 
thr{'o cells ill n.lollgiludinal row lI'et'(' tim" fiUcd; but sometimes 
f(lu r Ol' fil'o SUf'h "Jl0l'l; ]'oW!:, w{'re gl"Jupod together; tlnd thesc 
grouJl!' alternatcd wi\.h l'OIVfI of ('olo)II1'k~fI ('('I1~, 

,r;",'(1I"/'(1rt'l1if/ j1lp·JlII/"rfl.- 'l.'\\,O r'mtiet!'l II'crc left in waler for 
2 1, hnllr~, bill tllt'y pl'C'scnlcd 110 gl'l1ll11les 0]' n.ggrega.teti rnlll<.'Jc.'J. 
~I'he)' werc 1\1('11 irrj/.:"~\('d with a ,~Ollilioll or 7 to WOO, nnd in 
20 minlll(,!1 pn1c-ul'OlI'll nggrC'gal('ti l1l:t~SNI· could be di~!illclly 
1';('('11 l1('ar I heir tip!'. '1'11"0 otlll!!', :llmo~1; ('OIOUr/OflS, rool!ol.~ lI'ero 
left, fu]' 1 hO\l1' 10 lIIilllllc.'l in the ~;ln]{'. ~o]l1Lion j nnd now all Lho 
extcl'io!' celhl conlainel] h1"O\\"1I grallul:11" lHattl'r, but much f)arkcr 

in f'(l111e c('llfl lh:lIl ill 01!1(,],1!. Romo of t.ho cells conlain{'d, 
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he~idel! the gr,11lI!les, O"al and occ.'lSionnlly spherical masses of 
tr.1l1llpnrcnt;, nlmos~ colourlclIB matter, which apparently did not 
chango their SklPCS, 'fho cclisTound the central vasclJlllr bundle 
ill('luded similarly shaped masses, but of a yellowish-brown colour, 

'1'1Icl'1e roots and ot.hers wcro left for 2t hours in the sol ution 
of 7 tn 100Q, and t.hcir tip!! were now blaCKened, SomtJ of tIm 

e.\"/erior celJ,~, JlIorc especially LllOsc of the tllicker rootll, werD 
fill(,d with orange illl~tc:\d of bl'OWIl granules; while other colis 

containf'd oval, spherical, or oddly I!hapou Tnr\!lses of orange, 
in)'<Lend of almost Colollrlcfls or pale-brown tl'ansl ucent lllaUer, 

Some of ~lwRo masses eOIlRisted of an aggregation of Slnl\l1, par· 
ti:dly ('ounllellt flpherl's of difrerellt tinte of orange, In trans

,'('I"Sf' twdinns iL eOllld be seen UHLtthctwo exterior layersofcolls 
:1IH1 tll(lf'.C f'.l1rrollnding the l'aA('u1nl' bundlo cont.nilled tho above· 

tlc-scribcd masses, whilo LIio moro ccnll'al pnrenc1lymlL-ce][s 
aunullilctl wiLh gl'nill~ of ai:u'c/), ]I. flulution of 4 parts of the 

f'.1)·bol1l1.te to 1000 of wnter slIfllecd \.0 produce simiJar en'ect8, 
The root.-hnirll, nfter immersion in t.he tlollition, were not so 

trnnflpnrent as if! comlllf}11ly t.he callC, from including very fino 
p;rnllllln.r Ilmttc", and fl"Otn their l!h"l1nlWIl protoplasmic iilling 
bcing' of ;t yellowish colour, '1'!10 roots t.hClnflCivCB were Itlso 

l1B1Hl.lly oJl:1f]tlC, COllSCfj1101lt1y t.he root-lmirs wero not eRsily 
~raced dowll to their bases, They wel'O distributed very unequally, 
bpil1!; quilo abseil I, from the browner partl! of the roots, while pre

f\Pllt nil tIle parb which had remninerl pale-eolonred, Notwit.h
fJbut/iug !llis lat.ter r.1ct, it is' \'cry d01!uLfuJ whether tho 1'1110 of 

root-hnil's n.rising almost exclusivcly from cells destitute of solid 
IlmtLf'T here holds good, 

Pelm:lJol1ium zOl1all!,- j\ frcflh root WM cxamined , and tbo cells 
contained 110 g-r:11Iules, rt was then irrigatcd wit.h a soilltion of 

7 to WOO, nnd ill nbout 15 minutes gr:tnules could bo distincLly 
Il('('n in tho ext.erior cells in alt.ernale rows, 1'wo otllel' rootlet.s, 
arLer l)Cin~ lcfL in witter fOl' 48 hOllrs, were 1l0~ at an,,·aO'oded , 
Th('y \\'(,I"C Lhetl irr'igaled with the Ramo soluLion aud recxaminod 
an ('I" 2-J.l1oul"s; rllld now thc cxtm'ior cells in rows,:'1.S well ns tllOSO 

8111"1"Oll1111illl; Lho vMcllJar bUlHllf', abounded wiLh granul:lf matter, 
Other l'ooLs woro lcr~ for 1·8 houl'l! in :\ solution of ,t to 1000; 
and the cells Ileal' their lips II'erc so packed with dark,brown 
grnnular maLtet' as to bo blncj{cuctl. Higher up thc roots, Lho 
gmllu!cs werc palo urowJ1, translucent, ir'r'cglll::trly rounded, alld 

oftcl} morc or less COl\lluellt, In SOIllO dark-coloured rootlo~s Lho 
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cell!;l in{'lmlcd:l fl'w ~m,'\.l1 sphC'l'cs of dark brown nlllt.LCI'illStCfld 

of granuleI', Uf'I!:tll}' lhe l'<'lls cQ!thtiniug lhe granules formed. 

Flingla IOIlg-iLndillal rIlW~, Idlieh !lllcrnalcd with rows ofcoloU l'l css 

('ell~ . But occn~iorwll)' SCI'eral ad.ioining rows included gr:llltlles: 

thus in olle pla{'c 111"0 ,'Uljflccut I'UWS of cells with grn.tlulcs wera 

~nec('f'llcd by 1\)1 cmpLy \'Ow; this hy t.wo anCI'I1Il.tioilS of granules 

aniT {'mpty rows; thcn eamo two AdjoinilJg rows with gmnulcs, 

an ('11\)11)' rOIl', and Un'co ad.ioining gl'Amdur rows, In anoLilcr 

placl' fll\ empty I'OW wns succccdc(1 by fivo adjoilling rows wit.h 

grnulIlrs: these by all ('mpl'y 1'01\'; this by tlJrcc adjoining 1'011'8 

wilh granulell, and filiI' by lin emply row" 

Artct" mllll}' ('n~unl ohf'('!"vnliollll, in which nIl t.ho l'ooL-hnil''1 

:"lpp('nl'C't1ln al'i~C' 1'1'0111 {'{'lis df'!;ltilnlf' of grnllulo,~, this wnll fOllnd 

fo lie LIm ensc lIinl .')0 hnil'll Il'hidl II"c1"e tra,('ed clown to their 

hnf'{'~" "'ith om' prohl('tlmli,~r (,XI'cption, not a. singlo hllir cOlild 

Uf' fuund whii'li nl'<)I'\{, fro!l\ n. cell \'Il1\binil1g grn.nulcf>, 111 Lhiij 

on{' f'XCCl'tioIHlII'!l.f>{', ~ hair 1'('('Il1('u to Rpriug fmln t.ho Lra.nSI"('TSO 

II'"~II H'IJ;]I'nting Iwo cell!': bllLwilh ~ good lightatld nndern. high 

power, the wnll app:"lrcilt-ly conRir.;tf'd of two wnll~, scpamtNI by 
nil (,H'l'~"'ivclr 11:11'1'011' ckfl]" Rpac{', a:; if It cell had here railed to 

be fully (kl'cln[1{'11. 

T he f\,)lnlioll lil(ell"il'l{' cAu~{'c1 the prf'cipitntion of granules in 

thc dOllg"~t('d ccll~ RlltTOlllltiing tho I"nscular bundle, ,'md in sorno 

tnllCIl or duct:; "itlJill the hUlldle, '1'1)(' soluLion allpnl"ent!,r doos 

1101 act Oil coils wl'ich Ilal'e been I(ill('(\" 'l 'ho ends of n. rooL were 

Inl'n nl"'II,I'IO tllnt tlH' \'n.."('ullll' hlilldle II'MI fully eXJlosed; t.ha 

J"()ol ",'1:'1 tll('n I('rt fOI" 2L h01ll'1'I ill 1\ strong ~OlllLj oll of 7101000, 

ami nu g"r!l.Il111c1'l II'rrc (Icpof'iicd ill lhe e"~posed co11s rotl1ld tho 

Y:J.lwlll:l1' hundle; hnt hy tcnl'ing 0[lC'1l f1"C'8h plIrts of the samo 

}"OOtll, thcsf' c('ll~ ,yere fOllnd rull of granules, 

'J'h(' gr:IIII1\c1l W{'l'e not, (lif'soh-{'d hy immersion (or 24 hOHl'S ill 

niroitnl; hui; thc'y were rliflsoh"C'd by n. cold solution of o:Just ic 

!lob!>l!. 'Phe di~soIHli()ll, how0l'cr, toule place very slowly; for 

though 011 111'0 o,C':J"~ion~ the grnllll!ell II holly, or almost \\holl.\', 

djRIIPp(,"~I'('d nner nil im!llf'rf<ioll of 20 hOIl!'~, ),,,t with it tllickcr 

l'oot. theJ' wore 110t di~"oh'C'd, Ihollgh 1"0ll\lercd browl1(,l', by lin 

ill1111Cl"l'Iion fOl' this length of time; buL lht'y finally disappearC'd 

,'Ifter 18 :ldllilioll;)1 houI's in :1, fl'C8h Rolulioll of llJellOta~h, 1n 

Ihe celiA t'Ollnel t!le I'Il~Clllnl" bundle, (rain which the granules hlld 

been dif<~oll'cd by the potash, lIl1ttLor re'lclIluiing oil-globules ill 

appcaranee relllained, 
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Laslly, two dmps of n.1-pcr-cent. ~()lut.ioll of osmic acid wero 
added to :l oz. of distilled water, rllld t'OlllC roots we.re lC'ft ill t.his fluid 
for 20 hounj. '1'hoy wcre alloetcd in very (lincrcllt degreee. Somo 
"'cre only a litt.le dillcoloured; and iu such roots lI.sillglc ext.crior 
cell 1l{'l"c <tud thcre cont.a.iued cit.IICf blacllish gmnuloe or small 
black "phcrcs. Othcl' roots wero much blackened; nud in theso 
longitlldillal rows of dark brown or blackcned colis plainly altcr
JHltCtl with colOllrlf'ss rows. The colh surrounding the vasculnr 
bUll(IJo and lnany oC t,IIO p:ln:'llchymll.-cclls nlso cont.ained blacltellcd 
gnllwlcs. Honco it is probable that c:Hbollnle of ammOllin. like" 
\\ i.~e act s 011 Romo of tho p:lt·onchymn·eolls; but if I!(I, the fact was 
(1\'('1"1001(cd, or Il.ccident:1lly not I'c(""(ll"!lctl, in Illy notOIl. 

Oy(/lis AcctosrUn.- Hnols worc fil'~t. c.~:"Imincd, and then placcd 
in a S{llillion of 7 to :1000. Some "light degree of aggrogntion 
waS :'«'on ill a. few lI1il1ut.('s. Anel' ao milllll-cs all tho colis Ilenr 
the tips cOHt:tillctl /"ollmlcd :"Iccumlll:!UO!1.'J of granules. lIigllC1' 
lip in one of the roob;" I<inglo ccHs, or from two to fivo colis in a 
row, were filled with minute h)':"Ilino globules. III 80me plaecs 
Illcso har! become conflu~nt, so that tho)' formed larger globulcs 
h:"lyjng ft .QinuOll8 outline. 'rho eells underlying the exterior lnyer 
lihewisc COlltaincd extremely fino grnnular mattcr. Still higher 
IIp the ~:HllC root there wore conf'.idcrnblc fipaec8 ill which HOllO 
of tllC celll! contained granules. B lit again lligllCr up, the granules 
rcappc:1rc(l. 'rho root-\Jnirs wcre numerous; but not one was seclI 
wllich f\.l·OSC from n. cell containing granules. 

l{oois of O.-ralis upimll, corl!ic!llflta, and of a greenllOuse spccies 
wit.h i'illlall yellow flowers wero immer!'ed in n. solution of 7 to 
1000, :"Ilid granular Ilmtt.er WJl.8 depositcd ill thc laycr of cells 
IInd('!"lyilig the exlel"lol' 1:1),er. '1'hi!' occurred in the enSQ of 
O. I!('plum in 20 minutes. lYillt O. comlr'uiata the cells with 
gl":1nlllPs were isolated-t.hnt. is, did not forll1 rOW8; nud tho 
gr:l1lules were C'ither brown 0\' of a bJ-T:li8-ll-grecn colour. In tho 
eal<C of O.ralis (JJi01J/'!Itl(m) sCl/sitiva, the c.xt.crior cclla of t.ho 
l"ool~, nfter immcrsion for 4<~ hours in the 8nl110 strong 8olution, 
were not IIllieh /tn'ccted; but somc of the dceper l'nl"cllchYllla-cc1h'l 
contnined l!ark-browll tran8-1uoenl. "pllcrc!'-, nnd tho clongatcd 
cclls rOllnd lhc v:"Is('ular uundlo \\'cl"e almost filled \\"i~h grnnulnl' 
maller, 

FI'r1.'lflria (garden val'. of t.he COlllmon stra\\ berry).-Sol11(\ 
wllile, almo~t h'an~pnrellL roots [1'0111 a rllnucr werc cxamineu 
(Dec. 12), and {he celJ~ conta.ill('d 110 solid matter, except; Blarch· 
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g-r:lillfl. They wcre tl1l'l1 irrignted with n. solulion of 7 to 1000: 
nlld ill frOll1 10 to].'i minnie,:, !hcyhccame "pry opaqno, o1:'pecin.lly 
IH'ar iheir iipf'. AnN being len, a. little time longer in the s{llll

lion, 100Igiliidinni Bcd.iollS were made. 'file colis forllling the 
('.tll'l·illl' In,rcrrontnin('d no solid Inatter, bu!. tho wal!ll had uecomo 
hrOI',11. 'J'hC'l'c wnfl nllH'h hrown, fiudy granular lIlaUer ill mrwy 

of HI(' l':lrC']H"hpll,'1.('eHs nL ciifii.'rC'1l1 deptlls from the surface; nnd 
tlll'fle fnrllH'd intel'J'llptpd longituIlin:ll rows, ",hidl nltcrnaled in 
Ihe fllIlll(, 7,011C \\iLlI rowfl of empty colourles9 cells, .Almost all 
ihl' ('llllod('l'm.ccHs lil(Cwi~(' ('ontnined gnU1ules. In tho pfI.rcn
('h.\'lllfl, Ihe ('(,lIs whi('h illCllllkti 11I11ch granular maUer cDllblined 

IlO 1:'1:1r('h.gl':liIiSi while thmH' abounding with starch-gr:liu8 C(lll
bilH'd nnly fI few 01' no gl'nnu!t-s, 'I'he fad; WM best. ~('en nJ~cr 

f!tp .. «'dion~ had hCPH irrignl('d '1'jtb n solution of iodine; ,'1IlfIIJII'Y 

Ih(,I' l,n~!<(,I:i('d 11 wry rC'lll:lrJ{11blo fl.ppC'nmn('c, cOllflit\crillg how 
II01lHlgrllCOIHI I !try hnd bc{'n bcfore being /.rcah'd with j he nm~ 
111(>l1il1 :11lU iodinl': 1'01' till' [ille grannlar matto!' was I'ctHkrcd 
",I ill hrowl1f'l' nml 1.h(' f1!rrrch~gl'niI1R of a be!\utiful blue, Thcso 
ron!" II'\'r(' kft for a wl'ek iu diJul('d n1cohol, !tnd the granulcs 

WCI'f' 1101, di~sohC'd, 

Nol a Fing:k f(H1!.-llIlireOlilti he fOlll1d on theso roots. A rooted 
"Iolon W;IS Iherefol'(' ~ll1g lip and pottcd 011 ])ec. 12th; it Wi\8 lllCn 
fpl'c('d forwards in OJ{' ))()!-hOUflC, anti :1.ftCI'wnrns kepL \'cry dry, 
"\\'11011 f'xn11lin(·d nil .lHll, ~lrrl tlw roots w('re fouud clothed with 
illlll1mC'rnh!(' roo!-lwirs: IIIHI tll(,Y \\'('1'0 then ref! fol' 2:3 !JOlirA ill 

till' f:nll1!iOI1 of 710 1000, RccliollRof til(' thicker rooh prcRcl1tctl 
('Xflei I)' till' F~IIll(, npl'cnr;ll1C'CR as descrih('d nbo\'c ; :l11d tile ext eriol' 
('(,III', from which Llw rool~hairfl l\.ro~e, lIero df'stitute of granuleQ, 
'I'll(' thinnel' I'oolf! clif\cl'cd flQIlH'whflt in flppcamnco, nA 1.110 pa1'Cll
I'hY1l1a-ccllfl (lid not ('orilnil1 nn)' fine A1"n1ltllCfI, but in their plnI.'C!\ 
I'111r111, ~phrricn1. or mn I, or' inrglil:lJ'I,Y-Rllnped lllMS(:S or filaments 
or brown 1I'IIIl.'lI1l('f'nt mnHel', )'cBcmhling a llighly \' iBCi{1 iluid. 
'1'hrl'c \1'('1'(' :d~n in 111(,ge ccllf! 01 hel' sl ill IIll11111er colouri('Ss ~Jlhcrcf!, 
'l'IlI' ~'('lIft, hOIlI'reT, d(>~r 10 till' iip of I.ho rooL were fillet! witll 

hr"lI"!i gl'l1Il1ilal' lll:1.t/('r. 
8olm/1I111 «('(1J'8ic(1~/1'II?11 ?,l'lIr, ]~mJlrc~fI).-noolfl,aftcr;ln immel'_ 

~illn nf 2(l~ hOllr!! ill n. 1'01111 ion or 1· 10 1000, wcre ~plit longiLu
(lin:lll)' nmi eX:ltlli11l' tl, \)111. "ill1 llO g1"('al. {'nr('. 'fhe ex/'crior' cells 
di~l 110t npprnr to hn\'e hcen flfTcclrd ; h\\t some of tho parel1chYnln
t'('I!I~ d!1f'C bCllcnlh the exterior ("el1g ('ontained minute nggn'!;flt.cti 

111:l~S('S of bro\\11, oP"'l]u(', or Ilomctimcs hyalille gnlllulcB. lIrore· 



oVr'r m;~ny, hut. hy no mr(l.lH! all, oft.lw clongnt,cd ee119 surrouncl
ing tho l'tt30ul.1I' bundle included dMk-bl'OwJl fino grarlUJnr llinLter. 
l'llrec rools whieh hn.d been left in wnl('I' for Lhe same length of 
timr', vir,. 20! hours, werc similnl"ly exnmilled, but their cell!! pre
sented 1l0lle of Lhe (l.bol'o I1.ppenr:tl1ces. 

lJn·lnula ncnulis.-Scvcrall'ools were kft(Doe. 22) for 18 hours 
in n solution of 4 to 10au, :\lld tho), were nil much nfl"cctcd, except 
florne or the tllinllest rooUelA. Many or the c;derior ceHs COII

tained granules within I.he slll'lmken protopl:tsmic utricle, which 
had conlraded iuto 011(', two, or ol'en t.hree, oval or spherical 
bags, Iyillg within 1ho same roll. Tho rows of ce!1s contn.iuiug 
the gl';lll11los Ilhowed some tendenry 1.0 :dlernatc with rows of 
(,111plyeells. 'l'ho granules werc l"OIHlered orl1.uge-brown by iodine. 
Thl' irl111111lornblc l"OoL-hnil's 1\.11 nl'OSO' f!'Olll tho empty ceUB; nud 
J flaW onl.v twu jln1"li!l1 cxceptiollfl, in which 1,110 outer wnlls of 
('(']11-1 (',(1l1tailling gl·:~l1\1lcs were produced into llhort papillm, ns ill 
fhe formerly tlescrilreu cnse or Flt!!lla,,{lllts, !l.l1rl those resembled 
Ilnll('cnf; roo/'-hnirs. 'Vitllin one of these papillm, granu les 8ur
l"ol1l1dcd by the shrunIH'!! utricle could be scou. In tho paren
chyma single I'ells were SC0n r'oull1.ining minute hyalino globule~ , 

which were colour1eflfl or palo or dnrk blue, or occMiollally 
greeni~h Or y{'llowish. :Many of tho endO(lertn-ceJlB lrkewise 
('ontninc{\ mor0 or lef'8 conl1uont hynlino globules; but theso wero 
colourlellll, nlld larg{,1" than those in the pnrenchyUlI\. 'l'hoy 
rescmhled strrreh-grains flU closely th:tt 1.h('), were 1.ried with 
io(\il1(" bnt. wel"o Ilot~ coloured blue. Roots wllieh had been kept 
for 18 hours in Walel" exhibited none or the coloured orcolonrle88 
globulcs; uut t.1l{'SO IIp]l('nrcrl whon the rooll'! wero IIfterwnrds 
im1l1l'r!;ed for 21, h01l1's ill the ammonia soluLioll, 

11 IIhOllgh iI, i", t('!'Into thnt grll1lul('s '1"(,]"0 depositcd ill tho 
r:dniol" c(']ls ill Ihe ('nsc .iu~t ut'scribed, yet in four other rooLiI, 
fl/'ter nil il1lm0I'~I()n of 21 hOHl'll in the solution, no grn.nulcs coulJ. 
he I<('rn in nlly of t.ho oxterior r,c1h.. Rome of I,ho pnrcuchyllm
c('lIl', however, wet"o of n, flllo bluo colour, nnd contained many 
globules or gl·alllllcl', but no f.:larch-gr;,iull, while others contained 
s!.1l'ch-grnjns 1111 wdl M ~()1Il0 few globules. 

Cyclamen prrsirum.- Sedi(>l1s fallcn rrom roo!:s of thia plant 
wllich h~a becn immersed in 11. llolut.ion of c;I!'l}On;do of nmrnoniJ\ 
prrsenled ,1.]) ex! l'IlOrdinllry differen1 appC:lrllllce rrom Il10se affrcs" 
roots. All the cc1l~ in t.he I:dtcrappel\red CI11]11y, cxcepting those 
or llie cutiodcrm, whit\! sometimes included a few "cry fiue IHdc-
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Fig, 1. 

, b 

'" T.onj::'ih,,1innJ ~l'1:lioll of rOflt of C'.,/chrI11N'I pcr$iCllllllI.flct llIlIncrlrion in II. I\Olu-
li01\ or r~r!}(ln~lr ur 1\l11,"onin, fI,,11 dr!,o~il iun in ~(>me of tho clll1~ of gr"nul~. 

II, !,~rl (If T'"~r'I),,r hun.Il ... ; ", rll,l",lrr""rrJJ~; r, f'<'\rrnc],.l'Jlln.-ccll~; rl, e~trrior 
C!'ll. of thll rool, hfnri,,~ r<)()t-h~ir~, r, with IIieir tip~ cut off, ]}mwing n'ndo 

by ni(1 of n r~l1lrrn, 1l\n~"i!ir\1 2(;0 'imr~, but hero f rd ulled to two thilda of 

o1'igilln\ ~t'loie 

'r1'nl1~\'rr!l(l ~"r! if)1I of nl1o)tI,rr p., rl of Ill\' ~"1I\O roo\., m~gni(j",d ~8 beron·. ~hnw
ing Ihe !'xlrr;"r \'l'll~ ti, '''grllicr wilh 11'11 luut-I'D.;rs c, here conl.aining gT:\n"lr~, 
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colour'ed granules, nnlike tho:!e in the "arne cells !I.fLer immersion. 
'J'!rid< ilJ1t1 thin roots were lcfL for 22 hours in n. solution of 7 Lo 
1000, :Iud the cellfl fonniug Lho exter ior IfLyer wcre filled over COll
siderable spnces with grccn gmllulell, while over other apnees they 
were cmpty. The granular and empty cells did not form regular 
nlterllatc rows,as OCcurs ill flO lllHlryothcrplarltSj yet,Mweslrall 
pr'esellLly see, them is occasionally some degree of alternation. 
'rhe exterior cells wiOI tire green granulcs wero BO numcrOllS in 
cerfain caflCfl, that rools w[rich had been pa.le brown beforo immer
Biol1 wcre afterwards d islinctly grecn. '1'he gl'cell grallules Bome· 
timcs beeRmc [\ggl'cgl~tetl into spherical, or ol'al, or elongated 
I1Inf;SC~ llfl.viug a sinllOus outline; iUld some of thcse are shown 
wiLllill the r(Jot.hairf~ in fig. 2. M:~uy of the cells of tho pal'cll 
t.:hYlllll, eithel" ~tanding Bep:l.t"nLclyor two or three in II. row (all 
flh()Wll iu fig. J), con!:rin similar grccn, or someLimes brownish, 
grnuule:;;l. .i\ ImoaL all the narl"OlI' elungated cella of tire Clldorlcrm 
(h, lig. 1) lil<owise coulaiu these grauules, wiLh merely horo aud 
there an empt.y cel l. A.lLhough !.toLlr kinds of cells orten appear 
as if gorged with the gramries, yot the~e reuUy form only a layer 
adheriug to the iusicle of the protoplasmic utricle, as could be aeen 
when cells hnd beeH cu~ tlll·ough. With some thick fleshy roO~6, 
aller all immersion for 42 hours (and thick roots require 1\ long 
imlllersioB fOI" the full efrcct to be produced) tho green granules 
in the parenchyma-cells had becomo completely contluent, and 
now formed spheres of transparent green mattcr of eOllsidemblo 
sim. 

'1'he gr!llluies arc not dissolved, nor is their eolour discharged 
by sulphuric ethel". Acetic acid instantly chnngcs the green into 
a dull orange tint. The gl"auul(lS nrc 110t dissolved by alcohol. 

Their precipilation by Lhe IlmlHouia solutio11 seems to depent! on 
thc life of t ile cdl; fol' somo transverse secliolLS were examined 
nud found colourless, IUl well ns_dcatituLe of granules. 'l'hoy wera 
(hell inigalcd wiLh I\. solutiou of7 to 1000, aud reexluuilled !tfler 
22 hours; and ouly a yery feweells in two out of Lhe fi,'o sectiolls 
l'ihowetll\ny tmce of col01lr, wllich, odd ly enough, was blue instend 
of grcen. The fcw colou!"ed cells occurrcd exclusively ill tbo 
1.1licl<est parts of lhe sceLiolls, where tile central OllCS \\ould ob
viom:dy lral'c had lhe besl. chancc of keeping alive for Barno t11llC. 
III Luese coloured cells n little vcry fino gl'nI11l11~r matter cou](1 be 
,\isLillgllisired. 

Oil Ill!)!;( of thc rOO(R rant-hairs were c.\lrcllH'ly llUl11CrOUR, 

1.1:-':- .. r'JlIHS.-JIOLH'r, YOJ., XIX r 
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nl1(1lh('y generally aroso frOIn cells 'lcstitlll.o of gmnulef:l; yo\" in 
mally places whole gl"OlljlS of ('('lis ahollnding' with gr:umlC'!! gave 
riFle 10 well-dC'n'lop('u !'Oot.hnir-Fl. 'l'hercrorD the nllo which holds 

good with FlO mllny plllnts, Ilfuncly, I1mt root-hnlr8 n.rise exclu
sively from colourless cells de~tit Ille of granulefol, here quito 
hr('fI];:8 dow1I. '1'110 gT:lI1llles ('xtend f!'Om the eeJJs into tIle hairs 

which spring' from lhem, lUI is shown in fig. 2; aud they horo 
som{'t.imcs become connucllt, fOl·ming rounded or elongaLed 
lllnf<!'-(,S of I ranfll)nrcnt grc{'n mattcr. ']'his 1l1A.twr wilhi!l\,lle lips 

of S0mo of Iho hflil's scemed tu pafls int.o 1\ brownil:lh fluid. It 
\\'nfl repcntr'dly ob~crved tlwt wll('l"o ll111ny Imire rose c1o!!o 
to~{'lh('r from cells ('onbining the grecll granules, the tipFl of tho 

hnirs w{'ro glued I.ogdh('r by \.lkos or mnssc!! of orauge-coloured 
ir:Hudll ccnt tough mnUcr. 'J'hiH maiLer could be flo{'n, under 
fn'·(l1Ir:1I1\o riri'lImslatlee~, lo cOIH~i~1. {'iLhcl' of very thin il omog:C'
T)('nll~ f'h('('11I or of :lggrC'gntr>(1 grn,lllllf's. It WlUI noL acted nn by 
nil i11l11lcr~iol1 of two UOW'S ill nhR(1ll1Lc n,lcohol or in sulphuric 

olhcr. The smnllel' globuleli were {,it.her aiRlwlved or dcat1"(1ye<l 
hy f'ldpllllri(' ncid, while otl1ersw{'1'{' rendered highly j;rn.mll'n.rcllt. 
'l'hc fill·m:diOll of Ihis orango-col"ured llmtlcr is independent 
of the pl·o\'inlls nolion of :tlllmonin ; flnd I have noticed simi lar 
III II I 1(']' atln(,hpd tn tlw rootlets of man.v other pll\;11,s. It.. is Vro

hahly formed by the I>oftcning or liqucfncl.ioTl of tlw outer sur
f:lcc of lhe \\:dl~ of Ihc hair!;, n.111\ the subseqllent conFlolidation 
of !1m waU{']' tlmA proflucctl·. N"cI'c,·/,helc/:l" aome rtppcll.r:mcca 

led IllO to suspect thfl.t tbo brownish fluid which Wf! S seen wi1.hin 
1h(' lips of Iho Ilairs cl1clo~ing I,h(' green granules mny pcrhnps 

exude through tho wnllA, nnd llltimately form the cakCRo{ ornngo 

lllflilcr. 
A few oth('1' solui.ions wcrc Iried. Roota werc loft for from 

201.0 +il hOllrfl ill it flol\ltiOll of7 pad!! orpurc carboun.tc of~Q(ln. 

to 1000 of water, nnd ill no ('n.AO wero grnnules doposit,cd in tho 
cxt('l'ior ecllf'; bill.. Sf)mc of th('Re cells in 10ngiLudin!l1 rowa 
h{'c:tlllc brown; thcfl(1 nltf'l"llflleil with rows of eolourles!'! cells. Xu 
011(1 illflL:ulce Hcvcml of thcFlo colIs incl1l(lml 0"11.1 or spherical 111!IJ-'HeR 

ofnll rtppnl'clll1y tClll1cio\ls fluid ofa brown tiut. Singlc cell!'! in tllc 
parcn('hyml1. likewiRe bccnmfl brown; others wero dotted, like 1\ 

1I107.1,Qli111.0 cngraving, wii,ll barely dit:<linguishable granules, which, 

• ~~ ~/"Itur r~",~rJ. ~ ()(l ll,j." !j'lll~rndj"" flfllm <:luter .!urfl100 Qfroot·!J~ir8 hy 
n'.' fOll FrllI,..;- 11lnl ll\.1"~dr ill "Ph" l'''w~J" or MO'l'NllClit in 1'1"111~: 1880. 
1'. Ii~. 
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hOl\'cvcr, in other cells were pll\inly "i"ihlc; and, laatly, n, fow of 
tll(,!lo <'oil!! included Flpllericnl or oval rnlLlltlcs of t.ho sarno nll-turo na 
tllOIIO just lI1ent;onod in t.ho oxterior cell!!. }."(ost or 1\11 of tho 
cndodcrm-cellFi either containcd a hOlllo~ellcous brown fiu.id,or t.hoy 
npP('I\,od, fl"ol11 including oxccsl.'ivoly fino grrl-Uliles, liko 1\ mcz1.O
lililo engraving. In no Cl\80 'vere nlly of t.ho celillcoloUIcd greon. 

Some roots wero illlmcrlll'd for from 20 to 41 hours in n. 801n
I ion of c:lrbolln.le of potlUlh of 7 to 1000; n.nd thef!o wero RfJ'eotcrl 
ill lI{'arly tho "milo manller 1\3 tboso in tho sodfl. aolution. In "hc 
e.lledor cells, howDI'er, mO/'O granules wcrc deposited; n.nd lucso 
\\"crc oneller aggregnted to~other, forming trnlLsparent OrR.ngo
coloured Rpllcres. Thc ('oils containing tho granule!! or !!phoros 
W{'I"{' of 1\ brown colour, nnd wcro :lTrnngod in longitudinal rOW8 
which a.llel'1latcd wit h rows of colottrles8 ccli!!. Thero woro 
fewer granulc!'! in t.he pnrcllohymn-('ell" t.han in t.he roote which 
lmd L<'('n ~ltbjecLcd to t.ho I<odn. IIOlution; and there were nOllO in 

t.he {'IHlodcrm--cellll, cven in roots which hnd bccn left immorl!ed 
for 4 ~ llOms. A 8£llution of phosph:lt.o o[ n.mm£ln ia. (4 to 1000) 
pro(luccd nD effecL 011 tho rDota after 4-:) houra' immCl'8iOll . 

COflc[Nl/ing Rcmark,r.-l'ho moat rornllrkn.blo conchurion which 
followlI from tho foregoing observation!! is that, in tho roetl! of 
"nriOliS plant .. , cell!! ;\JlPcnrin~ fluito eimilnr n.nd of tho lIamo 
h()lllo1C)~ous Ill\turo yct din~ r greatly in their cont.cnta, 1\3 sh£lwn 
hy the acLi£ln 011 t.hom of C(1rtn.in s£llution!!. '.rhus, of tho exto
rior crUe. £lI10, two, or morc ndj:l:C('nL longitudiual rows a.ro orLeIl 
nfff'('t('d; n.nd lhe8e nlWrua.t.o wilh rows in which no offect hM 
been produced. 1 [CIl('O lIuch rools prosent a longitudillnlly 
slril'l'u nppC:\TlUlCC. Singlo celie in tho pnrcnohymn, or 0001\8;011-

:lIly two or throo in f\ row, .1ro in liko mn.nllor nffectod; and so it 
ill with tho cndoderIlH'oIlR, ylOugh il!f! rnrowholl:dlru-caficcl.cd. 
'I'he differenco in n.s}lcct bol-woen Reel i01l1l of roots bofore nnd 
aft{'r thrir imlllerFlion in It proper AoluliC)u iSllolJl{'limes extrn.

onlinnrily grcat. Of all lho "olutiolls fricd, thn.L of cnrbonn.lo of 
n.mmonifl.nct" mostfluickly, indecd nlmollt instantAncously j n,ud in 
nil CMCII !lIe a('tioo lrrL\'clJl lip the ,·oot. from ('011 to cell with r(l
mnrkablc mpiclit.y. With Erlpl,ol'biu P'pilt8 n. solutio n of 1 pnrt. 
of tho ('nrhonato to 10,000 of wnler I\cled, though not. "ory 

flui('kly. 
When the nction iFl very I'Ilight, HIe llnid cOllteni..l!l of the cells 

nrc mer{'ly rend('red pnle brO\\II. Noverthelcl'l", judging from tllO 
grn,lnlions which could he ob"cr\"cd, the brown tint is probnbly 
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clue to fhe prcflenco of jlll'il:libly mirmto grltlltllcs. ]\.Iore com

monly clif'.tillCUy visible grnnlllmr nrc deposited, I\.nd I'hcl:lo, in !'he 
cnf':C of C.1fclamclI lU'1"6icfmr, lulhcl"ed t.o tho inner surr:'lCO of Lhe 

protop1:tsmic ufriclo; n.nd Uris pr'olmbly is t.hn caBO wit.h 0111('1" 

plants. Frolil grnnu!eB ,,·c nr(' ktl on t.o globulcs morc or !criS 

eonnllc1I1., :lIltl Lhence t.o ,.phcrical 0)" 01'1\.1 or oddly shaped m!UlSCI! 
of lrnnsluct'nt lIlnl fCT. The~c 1\'C'J"(' coloured palo or d:wk blue 

('>1' grccu in Beven of tho genent ('x peri men ted 011; but lIsually 
flley IIro hl"owni~h. ~I 'hc g"nnuJes (If globulcs :\.Te not !ldod Oil, 

exct'pt. as f:ll" 1)5 colour il! conrerued, by nlcohol, sulphuric elher', 
a sf)lnlion of iodine, 01" acetic acid; bitt. thcy liTO I'll owl.'!' dis~olvcd 
by elms!,ie pOIIlRh. It hnR hecn shown ill a prcvious p:tper thaI; 

in tho lo:tYcs of ecdaill plalils l'I\I·hf/lllllo of all1monia firs\' cnUSOf! 
th e (jppol!ition of grnnn1eR from tho coll-anp, which :r.ggrcgll.lc 

i.ogether, lind l11at. 1I11d,Lcr if! aflr:l'wal"d.~ wiUltlmwll from tho pro

f opb~l1lie lrfric1c 1\' l,irh likewiso l1!111crgocs aggregati on. Some
thi ng of 1,110 flnnl(": IlirHlnpl':Ircnfly OCellI'S ill rootfl,judging from 
1110 orell~iowr1 difle-rence in colour of t.ho aggreg:d:ed m1lSSCf! 

wit.hin the I'I1.IllC er:11, :l11f\ 11101"0 cSJleci:dly from whllt lin!! been 
dpscTihod flS oeclllTing in the root-cellI! of Sn,..,-accnin and relnl'
tlOlliulII. 

Ot Ilel" soluliolll'. hesi{le8 t!lIlt of carbonato of n.mmonia induce 

nearly, but not f1llilc, tho flamo r:trccfs. l'hospllJ1.tc ofrunmonin. 
ncl.ell more "low!y th:111 1;ho (,flrholmlc on I.ho roots of JjJup/lol"via 
Prplrul, fll1<lnot lit all on lho!'lo of C'.yclanrmt. WiLlI I.his IaUer 

plnn t lind wilh tiro b'up/'orb;11 end'ooate of soda W:t.'l cl!ieiont, 
but in It le~1I {\egrrC": th:tll tho cnruonafo of ammonia.. In 0110 1 rial 
whieh was m:Hk, (,llrhOlHII{' of potash acfed on the e:xlcriOI' cells, 

bllt. h:lrtlly nt. nll ou thoflc of tho pl1renchYllln. nnd endodcrm. An 
c."Ilrcmely ,,"cnk Rolntion of o~mit" :H"i d Wfl.S highly j)otent, and tim 
dq)ol<iLcl\ gl'an11kl! were h1.1,,1<CI1l',1 '1'lri8 :tcid is pni80nOll!;!; 

hId it n1lIf1! not. hr flllppORCd !lrn,t 1110 mrl'C death of 1\ cel! induce!;! 
d"'p0f;il ion. ' l'hiR is fal" f1"01I1 holdillg" g-ood; 80 thnJ, judging from 
R01"c1"nl f1"illl~, ('('Ilf! whiell 11:\.\"c 1I('rll ldllcd nTe 1101; neted on cvrn 
hy I'nrholwlr of nm1l1011in, which is lh(' mOAt enicien!. of nIl 111lown 

flgrnl" 
.1 l1/1.1"c nof f':l1ni("if'nt d:rta to .iudge 110w gClleTnlly r'oots nre 

lIefr(\ all hy Ih(' ('II1"hnllllfo of:lmmonin in the milliner {\I'flcrioed. 

Tlro~c nf '1~ f!;f'I1('1"Il, l1lnny of whidl helollg to witlely ~epnra.t.od 
fnllliliclO, W('l"C triol!. 1'''0 roots of lG wero coospicllolJ l!ly lIole,1 

nil, those flf II in n. s!ig-ht tirgrc('. ma\ling togctlJCr 2G genem; 
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while t.hoRe of t.he rCJIlaining 23 gcncra wero not affected, at least 
in ally pillin lTH\.llllCI·. ]3111. it should bo st.ntod that soctions of 
all I.hcHe lat.ter rools were not 1IIade, so t11nt tllO cclls of t.he 
parcllcllyma and endodl'l'tll were not eX:\.llliocd, ",Ye may there
fore RIiApecL 1.111\,1; if various other reagcnla had been t.Tied, and if 
lIectiollll had beou made of all, some effect would have boon ob
servcd in a larger IJrOportional number of CMCFI thllll actually 
occurred. I 1I:\\'e elsewhere shown t.hat tllO contents of tho 
glandulnr 11.'I.irs n.ud of the epidermic and other cells of the lea-ves 
undergo nggrrgl\Lion in a considerable number of plants when 
t.hey nrc /lcbed on by cnrbolll\.to or a-mmonia.; nnd tllO roots of 
t.heRo 8nmo pl:~l\ts I1ro especia.lly liahle to be aflectcd in tho S(L!1IC 
mnnnC!'. 'Vo Ileo this ill 7 out of fhe 15 goncra which had t.hcir 
roots COllRpiCliously affected coming 1lndcr both hends, 

The CJlle~lion nat.llraJly lU'ise~, what ill t.he lllen.ning of mattor 
l)Cing ]1re('ipibted by a solution of earbonnle of ammonia Bnd of 
~om(' other ~ub"tances in certnill cells nnd !lot in other cells of 
lhe Rame homologous 11l1ture? ~'hc fact ofgra!lules o.nd p.phe
ricn.lm:lsses being formed wit.bin t he loose exfoliating cells of tllO 
roo1.-\:\]1, as wnR observed ill severn I inst:111ces, and conspicuously 
in t.hn.t, of Drosopll.'lllum, :l])parenlly indicates t.hn.t such mnltcr 
if'! 110 longer of allY usc to t.ho plant, and is of the nature of 0,11 
excretion. H Iloes 1101., however, follow t.hat aU the aggregated 
matter within t.he root-cells is of t.his lHtt.ure, though tbe gren.tcr 
[lnrt may he; Rnd we know t.lmt.iu tllO filaments of Spiro!lY1'a not 
(lnlY:lre granules deposited from tllO ccll~lIap which nggregatc 
into sphercs, but thn.t the spiral chlorophyll-bn.nds also eont.ract 
inlo spherical or oval mMses. 'rho view lhnt t.ho grnnules COll
fliRt flf ('xer{'\.l'd mll1.t<'r if! fl)lPPoJ-tc(l, 10 l\. cNtain extent, by their 
110t being re(li!'solved, all fill" as I could judge, in tho root.s of 
living ph1l11!' of ]i;upl'01'bia Prpllts; :llld in t.his respect thoy differ 
ill a- mllrked llllltWCr from tho nggl'egat.ed malier io I,ho lea.vc~ of 
DroscrfI and its :tllic~. A ral'gel' IlmOUllt, of grnnlllar matter is 
dcpoF<ilcd close to 111(' t.ip of t.he root, t.han elsewhere; ILlld it 
might 11:,.\"e heen eXIJectcd lhat whoro gl'owt.h with the I\.CCOI11-
prlllyillg rh('lllic:d clll\nges was most rapid, thl're tho In,rgest 
nmollnt or exrreted tnllUel' woult! I1.cCUlIlula-tc. It also descrvcs 
nol-ice th:"l.~ I.hcre exi~l.~ sOllle dcp:rce of antllgollism between tho 
pl"eSCnrfl or t hCF<e gl":tllllleF< llnt! or ~tnrclr-grains in t.he same' cells. 
On tile 01.1101" IWlld, it mll~t be lIdmi1.ted tha.t 110 cxcretion ill the 
vrgclnhle lI)llgdolll, n~ fal" as is at prcsent know'n, remains dill-
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llo1r(>d in the ccll-snp, 01', lUI in th(> ,'l'(>SCllt casc!!, is prccipitatcu 
onl.r fhrougll flw fiction o f cerbin l'f':\gcnLs. 

Oil tho vi ow lIel'e snggoRt.cd I,h(' exterior cells in mrl1l y row£', 
MillO plH'(,]ll' l'YIIHH'eIlR, nIHl llI:tny or mosl, of thc endoderm-cells 
8C I' VO as I'cce-plndos fo]' ufldess matter. It will, however, at nr~t 
appcar higllly improbnble that flO many cells Rhould sorv(' for Ruch 
a PIII·PO.'1{'. Bu t this ohjf'ction hnH no grmt we ight; for ill {'or
bin (":\I'('fI l\ RllqHif.ling ntllllhcI' o f {'cllR may bc fOH nd which, 

illRknd of ('ontaining {'hlorophyll-grains liJ!C the surrounJin)..: 
('PliH, arc fillcd with c1'YRlallillo maRse", of carbonate of lime aod 
ot1wr earthy Rallfl which nrc nCH"r rcdi!>solvcd. ]lfn.ny i!!olntcd 
e('li" or rO,,"11 of (' ('HR Ji!,ewi!>(' {'ontain gummy, rCflinoufI, or oily 
fI('("rl'tiollfi :\l1d OtJ'f'I' Rub,.,j,:W(,(>R, whi(,h, it ill helicted, ftrc of" no 

fu rthcr' 1If1{, in the ('llnng('s ('ollllcd(,d with nu trition or gr0wth "-. 
" rc !lIlIR ~C'e t.hnl. 1If<('lc~R 01' eX\'l'{'Led 1I1;J.tter is common ly col
ledel! in R('pnrnl(' ('('lil'!; find we Ihllft g:ct:~c1l1o, on the vicw here 
FlllggCf<te(l, for Ilndf'1"~t~lHli lig wh.\' tho depof!ited g ranll lc!! fl.nd 
flp!l('rirnl ]llfl~f<ef< n rc [01l1H1 in j"oJ:,Jcd cdlfl or rowe of cellfl, nll(l 
nol, i,l tl,c olher ('cllfl of Ihe flf11l1(, I,omologous Iln.ture; n.nU 1.!,i8 

iR thr cirCHnH,lnllcc which, :1" lately 1"C1l1fl.rked, nt first PourpriRcd 
lnf'1I101<!.. 

In lhe rool*1 of )'1:tnlPo the ellllnd(']'m-ccll s commonly 8cparn.t.e 

Iho!«' flf t.he pnrcneliymn. f rQm Ih(' \"fI~C\J!n.r bUlHlie. Vcry lit.tlo 
if< known ahont thcir 118e OJ" fUlwfionR ; flO I.hn.t evcry part.icnJar 
dO"'R{'J'I'CR 1I0ti('C', 'I'IICY rCM'mlik thp e.ltorior cells in their walla 
pnr!l.r cOIIRif<ting of corky 01' clIli{'ulflr i7.cd nmttcrt ; :\m1 we hare 
h('l"n [<('on that thc)' likcwiFlQ l"cRcHlhle the exterior cells by E'crv
ing: fiR rcccptacles for tllo ucpof<itcd gmnular lllfLtlcr, which, in 
n('c(lrcian('ewith 0(1 1' \"ie.IV, 1ll11f< 1. h(' c'l:crcj,ed from t Ile inner pfl rcn ~ 

rh Yll1:1,·ccllfi 0\' from the \"n,q('uhtl, IIUIHHc. 
;I'lle f:ld u r Ole g"rnlllJlcR heing- (!('pfl.'l'itcd iu tI,e exterior cclI!'! 

in 011C, 111"0, or 11101'0 n,dj:I('(1!]t JOllgitllJilln.i rOWfI, whi('1i alloTlralo 
with 1'OW!'! dt':'Itil1l1(1 of g-ralllI1('fI, if! the !IIore remarkable, MI c1of!c 
t o the tip of till' roof, nil the {'~h'riol' ('('111'1 liTO commonly gnr gcd 

• S~rh". "rr.l.- l"lf)Ok of !lotany' (t~n!l:1. t rr",.I.l, 187!l. p. 11.1. AI!") 
Dc Jhry, ' Y('rj!\richem\o Alln!o11li~; 1'1'. 112-1113. When odorifl'rOll~ 0 118 or 
"tlwf ~tr()ngrr tll~tilllZ or poi~"'noll~ ~lIh~l,uw"'~ nr') r1nro8itcd in ct'1I~, I\ nd nre 
thll~ thrown o,,! nfth(\ "rtin' lifnof!h" )ll"nl, there 18 r('1\.N)1l to beticr!} th"L 
tll".I' nrc by no nH'~n" \I~rkf<8lo iI, but indirwlly fll'tve M n pro!.oclion ngainst 
j!l.~rt~ nn,1 ot!wr ~n~mie~ . 

~ On 11,,. ,mlllr" or ~lI{lodrrm -c('1)I'. "ec Do n",·y,' Vergloichondo Aof\!omic,' 
lf1';i.p.12!l 
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with gr:1.I11lhr matter. H rtpI,cars, therefore, that matter of soma 
l{im! 111\1st hal'o passed latern,1ly from those rows which do not 
cOl1f.aill granular maHer, after ueing acted on ur tho n.mmonia, 
into the:uljoin.ing rows. Why the useleee mnttor should not pnse 
out of tbo root through the oulor wnlls of Lbo celIe, probahly 
de]l('nds all UlQ thiekucs8 and cuticular ll:l.t.urc of tho outer wall~. 

rfcO'er states t.hat root-lm.irs aro developed on the gelllmre, 
:mc1 apparently 01] tl10 tlmllus, of Mm'clw7Iti(f. polyfllorpna from 
8u]l('r(ici:tl cclls which, ove11 before the growth of tho hairs, do 
not. contain stal'ch- or chlorollhyl1-grains; allhougb theso bQ(lics 
:'tre present t.ogether with m:~tLm' of an unknown nature in i.he 
a{\i:1eent superflcinJ ceUs. lIe 1mB observed 0, nO:l.rly simila.r CMO 

wilh the rools of IfydJ'oclwris *. No ono elsa scorns to ha;ro 
OH'!] fl\lRpoCtcd that root-hairs were not doveloped inuiffercntly 
fL'Om ;tny 01' all of the exterior colh<. But it 11118 now beon shown 
Lhat wiLh many planfe, wit.h only 0110 marl<cd c.!coption,llnmoly 
tlmt. of G.1Jr/mnctt, the root,~ha.in~ nl'il;O oxclush'cly from cells in 
which gmnular mattcl'Jla...'! not beon deposited :d'ter tho action of 
cerfain solutions. l'11is 1'('llltion between the presellco of hairR 
amI the COlltonls of the e('118 cannot be accounted for by maHcr, 
whic~ \\'01111\ h:,,'o boen deposited if tho roots had been subjected 
to ;t propor solution, having been consumed in tho formation of 
the hairs; and this noLion is wbolly imljlplicablc to tho CMOS 
d~('ribed by Pfeffor. May we believo that eellll fillod with eO'clc 
matter become unfitted for absorbing or transm itting water with 
the nccesflary sa.lts, and do 110t therefore develop root,hairs? 
Or iR tho nlmence of hairs from tl10 cells wIdell cOIlLn.in tho de
pOflitcd Ilmtler due merely to the advantago which is commonly 
derivClI from n.l)h~iologic:tl diviFlioll of labour? 'l'his and many 
ot.her qucstions about tho cell!', iu which grnnules or l:trger 
llW!'Fles of tralJslucent llmt/C'f nro deposited aft.er certain solutiolls 
IH\\'e beeB a.bsorbed, cannot at prescnt bo allRwered, But I hopo 
that sOllie 0110 better fiLLed I.1lrtll I am, from possessing much 
more ehcmical nnd bistological knowledge, may bo iuduceJ to 
in\'eslignlo tho whole sUbjoct, 

• 'Arbcit.en dC9 bolnll.1n31itllh ill Wiinburg,' Baud i. p. 70, 
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