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\ ~~~ic.roto~rre-cr!o\t;tt \\a\ rr\(.tl orr s l~or t  I)locks to prod~lct. Irigl~-(lrri~lity f r ~ ~ e ~ i  sectinils 
(16  \\-oody tisst~es sr~it;ll)lc. for st;~ilri~rg ; I I I ~  111o1111tiilg \ \ i th 110 m e  of orga11ic solvents. Tlrc. 
~rrcthod lt:a\c.s th(> c.\tr;~c.ti\c,s irrt;tct. l'c.mptlraturrs aljorlt -:30 (: \\.c.rts preferred. Trans- 
\ crscs s ~ ~ e t i o ~ r s  \\'(,~-t, ot [ . \c t~l Ie~~t  clnalit). a n d  n7cre ~rsrrally Iwttcr than longitudinal sections. 
.\ high degree of \\ irte~- s ; ~ t ~ ~ r a t i o ~ ~  is 1lecrssar)- for good ice-c:lnbedding support. Sectio~rs 
frolrr 2 to 12 p~r r  thick \\err. c11t froln tht. \\.ood of llor~glas-fir, western hemlock, southcrrr 
pintx, ;~ncl red :tldcr. l'hlocn~ t i s r ~ ~ c  \\,as sectioned sr~ccessf~~lly.  The cryostat method deserws 
r ~ ~ o r v  genc-~ral tlsr since i l  i\ ~rrort- con\-enicr~t and easier to coiitl.ol than the r~srlal CO, conlir~g 
r? sttan). 

Atlrlitioi~ul /ic.ytoort/s: 'I'.srrgci ~ ~ c ~ i c r o ) ~ / l ! ~ ~ l n ,  Psc,rrc/otscrgcr r~l(~ll;ic,\ii, Pi~rrr.\ spp., iillllla ~.ri/)r(l .  

1'icc.a alba, \\.ood str~~ct~rrc, ,  histology, cryostat, ~~ricrotolrr).. 

I N ' J ' I ~ O I ) U C T I ~ N  i~nportal~t  alicl \\rhe~r natural nratc>rials in 

 TI^^, (lifficllltic oul,tc,retl in IlliIl\illR tlic~ tissue sho~ild 11ot 1)e dissol\-(d out by 
accc,l)tal,lo scctiol,s for llsllally orga~lic sol\~c~ilts, most cmbc)dding 1>roec,sscs 
kIrc, l)asc,d tile tellclc,ncy Of the to ""'Y skltisfactory. 
sc l,.ato coll;lpse into th(. ]urnens Or 13iologists 11n\7c, to sonic cstc'irt 11scd the 

to I,(, tOrll ill  one ol. nl( ,rc, jaYers  of th(, tecl i~~i( lu(~ of sectioning frozen tissue, to 
~ ~ ~ ~ i l ~ .  stl-uctllres as tori i n  lIortlcrc,d a\roicl thew problems. Froze11 tissuc scc- 
pit  13;I irS sllc,l as l,hlOem >,nd tionshave 1)c.c.n uscd in histologici~l diag- 
caml)ial are sulljcet various dc,- nosis during surgery for over 80 \;cars in 
grc,c,s of clamagc, Or (~isl,~iIcc,ment from their thi=ountry. Welch, in 1891, 11c.rformed 
nOrll la l  positions, ~ ~ ~ i ~ ) ~ ~  eml,c,dding tech- thc first sectioning of frozcn tissuct from a 
I l i c lL l t ,~ha \ , c ,  1 (,\,(, d to l,ro\, icle lesion during surgery for immcdiatc* exam- 
rigid n,at,.i\- \\,ill suy,po,.t the. ination. The method became r~xtc~~isi\-cl\; 

ancl \"ill itsc,lf sc,ctioll \\,(,ll. ~ ~ ~ b ~ , d d i ~ ~  used ill pathological diagnosis. Th(> frozen 
tllat ll a\,(, fOmltl cO,lsitlera~,le are: tissue‘ method had some disacl\-inltagcs, 

\\,axc,s. p;w; iffill, cc.l~oit~ilr ,  n,c.thacrylntc.s, howe\~c~r: It required some special appa- 

;Ind c.pOxY rc.sins. Tile of nc,arly ratuh there were difficulties in atlc,quatc, 

all of tllc,scs agents rc~cluircls slo\\~ replacc- freezing, adhc~rence of thc block to its 

1nc.nt with solvents ant1 inrpregnation by mount to rcsist the knife forcc, mnintain- 
ing a frozen condition during sectioning, 

cliffusion or carc~fully iippliccl prcwurc., and, 
controlling tc:~npcraturc, and preventing un- 

\\~ith r(,sills. time to l3ol!1nlcsrizcs them. If walltc,d or criccssi\,e frost forrnatior1 On tllc, 
strrinkagc., clue to phase* chango or poly- \r,orkillg c ccs. 
1llcbrjx;1tion takes l>lacc., ;nl unnatural con- ~ ~ o c ~ i f i c k l t i O l l s  the, mc,tllo(l de- 
(lition t l ~ ~ c ~ l o p s  and th(' fine. strr~cturcs may \Tis(yl lIy clllitc. a Ilulnl)cr of medical re. 
1 ~ .  disturbc~l or diunagctl. When timc is sc)arch(lrs, son?? of \\7110m arc.: Adalnstonc 

. ~ ;und Taylor (1948); Rush and Hewitt 
' Th(. rc-searclr \\.;IS part of n 1)rojvc.t f r~uded 1 ) ~  ( 1952 ) ; Sclliniizu et ( 19-56 ) ; T]lorllburg 

th(. L1.S. L;ort,st Scr\.ic.t, ;IS (iri111t N o ,  :3 aird ad- ;llld M ~ ~ ~ ~ , ~ ~  (1957); and white anti ~ l l ~ ~  
~~ i i~ i i s tvwd  I)?- the. I n a t i t r ~ t ~  of Forcst Products, 
(:ollegr of F o r c ~ t  Kcsor~rccs, 1Tnive1-aity of Wash- ( 1951 ) .  Wilcos ( 1964) triccl thc. frozen 
iiigton. Scattlc, Washingtot~. sclction technique with drcayrd \vood but 
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1'1(:. I-.\. Top a ~ i d  intrrior of n~icrotome- llational c ~ ) , , ~ ~ , ~ ~ ~ ~ .  T ; , ~ ~ ~ , ~ ~ -  
cr!ost;tt. 'T~I(, plastic c ~ ~ r t a i n  is fa\tenecl to R 

\\ol,cl a t r ip ,  .,. tl,Llt lit..; tllc. cdxr of tl,e foldccl- tuw can be colltrolled in the cold ch:umber 
I I I 1 )  , I  k 0  1 c L l l .  .rhC: d o ~ 1 1  to -30C. The knife uscd was an 
~ , I I I - ~ ; I ~ I I  11;~s l)c(.11 ~ . o l l ( ~ l  1)ac.k 011 tlrc. \\ootl do\\,rl B. IEC 3257. About 6 hr are rctiuirccl to l w i n ~  " 
' l 'h(~ c t ~ r t ; ~ i ~ r  ~~l;~t( 'l .ii~l i s " \ t ~ ~ ' - t l i r o ~ ~ ~ I i "  1.011 fill11 used the cl,amber tc,lnperatur~, cl~mll to 4 3 0  C. 
I I r o t .  1 .  1';11.t\ of t l l ~  c , ( l ~ ~ i p ~ ~ i e n t  
arct: (:-l'~.c~c.zitrq 11,locL \\.it11 specir~ien disc Wv cncountere~:i somc difficulty, IY~IC'II the 
IItotI11t,; ~ ) - ~ ~ ~ ~ ~ i l ~ l ( ~ ~ ~  I ) I ( ) ~ I ,  01, disc in hinged lid was kept open, in n~aintainiilg 
s\ \ i~c.I  Ilc~ltI: I ' , ~ n i < ( x :  l~-St,etiot~ ;untiroIl (Ievicc; uniforn~ optinla1 operating conditions Iw- 
(;-K~rif(, C I : I I I > ~ \ ,  ca11sc of circulating laboratorv air that 

1'1(:. l -R .  I'i;~\tic c,ul.tain t.oll(.d o11t to cover 
k l i t ,  op( ,~r i~rg .  

did 11ot tint1 it satisfactor!-. 111 all of thesc, 
casts, thc I~locks and th(, inicrotomc wcw 
cooletl or frozen with C:O:! g ~ s  or dry icc. 
Thch first opc.n-tol3 cryostat nJas co11structc.d 
I)\. (:hang clt a1. ( 1961 ) .  It clmploycd a 
condenser cooling spstein for the cmcloscd 
niicroton~c and a tcnlpc,raturc regulator. 

L, 

mixed with thc. air in the charnbcr ; ~ n d  
somctimcs causcd clouding, frosting 011 the 
knifc, and frost buildup on the wa!ls. 

A plastic curtain was construetc~c1 ;1nd 
p1acc.d o\.cr the, opc.nc.d forward half of 
the top, which pc~rmitted observation into 
the chamber but prevented cntry of am- 
bient air ( Fig. 1A and 1 R  ) .  We usc.tl trans- 
parent plastic sheet that was less than 1 mil 
thick and the, full width of the cryostat. 
The back edgc: is wrapped around and 
fastcnetl to a \vood or lnetal strip ant1 the 
cdgc toward the operator is rolled arot~nd 
a wood dowcl about :%" in diameter and 
fastencd to it. 'Thr back strip lies r.ithc.1- in 
front of the hinge of the lid or. nrcfcral)lv. 

L, 

on the front edge of the opcn section of 
the lid, and the dowcl end i5 rolled I),ick 
or forth to unto\ er the chalnber. Thc I),lck 
strip may bc taped to thc cryostat to hold 
it in place. Thi5 system creates more, st'ible 
conditions than thy opening and clo\ing of 
the lid during wctioning and rcmov,ll of 
thc sections. 

A room at 20 C wa\ a\7ailablc, in \vhich 



the rc.lati\~c. hu~liiclity could 11(% reduced to 
about 20%. Because of the lower dew 
point, bcttcr pcrformancc and rc.sults were 
obtainccl whew this room \\'as usc~l.  In com- 
bination with tlir add(1d shictld, the' rcsult 
\\.as good. 

Thc ~nntcrials scc.tio11c.d \\7crc, green 
\\7cstcri~ hcmlock (Tsmgcl I~eteroplryllu (Kaf.) 
g . )  green Douglas-fir (P.~ez~Zotsuga 
jtlenziesii ( Mirb. ) Franco ) , grc.cn red alder 
( Alnz~s r i ~ l ~ r t ~ ,  Hong. ) , dried a n d  resoaked 
Ilouglas-fir, and soutllcril pine (probably 
pi nu.^ tueda, I,.) and canlbial and phloem 
tissue of Douglas-fir trunk and fresh Nor- 
way spruce twig (Picea albcl, Karst.). All 
figurcsiarc 1050x. 

Preparation of \ec.tiotl.s 

Thc blocks \\7c,rc s~iwn to 1 cln by 1 cm 
I)y 2 cm along thc grain. From this a 
slnallcr 11loc.k :ibout 4 mnr long in the fiber 
direction was sawn \\7itl1 a je\\lelcr's saw 
\\,ith No. ti blade. For cwtting cross sec- 
tions, th(5 short block w;is genc>rally split 
with a razorbladc into pieces about 2.5 mm 
radially, or one, annual ring wide, if con- 
\,c>niont, and 8 lnm tangc,ntially. For radial 
:uid tangential sectioning. the blocks were 
cut to 3.5 1n111 on all siclrs. 

It is very imlx)rtant that thr, spccilncn 
l)locl,s I)(, as noarly snturatrtl with water 
as possihlc to obtain the, highcst quality 
sc,ctions. Frc,sll wood was kept wct during 
prcplr i l t io~~ of thv blocks and then suh- 
~r~c,rg(~cl in watc,r for 1 hr before trimming. 
Spt'cilncw blocks prcparcd from tlricd wood 
\vcre sul)iricrgc.d in \\,atcLr and evacuated 
for ' 2  llr, i1ftc.r wl-lie11 thcy w c ~ c  soaked for 
1 lir. When the, Icngth of the block is about 
c,ciu;il to, or lrss than, the fiber Ieilgth, one 
cvclc, of vacuuni is often sufficient. Com- 
pl(~tc> satliration to the, ccxntcar lnay not hc 
nc~cc~ssary unless many sc~ial  sc,ctions arc 
c1c.sirod. Thc 1)loc.k~ \\rc.rcs usually tri1rni1c.d 
on the, csrvostat microtonics and thr11 placctl 
in \r.atc,r for 12 hr at 3 C to assurcx satura- 
tion I~ctForc, frctclzing :111d cutting. If this 
cSxtra frc>ezing is undcsirablr, th(, trimming 
may be, o~ilittcxl or done under water. 

The knifo tlcsigncd for thc microtonle is 

FK:. 2 Raclial section of Douglas-fir sltowing 
sonic. fracturing of layers of th(. trachcitl \\,all dnr- 
ing v ~ ~ t t i n g  in the clirc,ction of the  fi1)r.r asi.;: (i pnl,  

Karo I ~ I O I I I I ~ .  

somc~7hat thinner than other brands. The 
knifc, angle setting was used niainly at 30' 
as suggc)sted by thc manufacturer. Minor 
adjustments from this anglr sccincd to have 
no ~~otic*c,ablt> c,ffoct. hut have not cu- 
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plorc~l t h i  topic full! . The, knife c~lgcs 
1 ) ( ~ \ ~ ~ 1  \\,as 10.5" c~,iltc,r line to surface,. 
I<ni\.c\s n7c,rc> sharpc~ncd on a Shantlon-Elliot 
;lutom:ltic s11arl)c.nc.r with the fin(, grinding 
(lollis \\,it11 ' ! I  1,111 Xlctacli tlia~iior~d past(% 
rlli\-ocI \\,it11 oil. 

Sc(.tionirig p~.oc~l(lrrrc 

Tl~c, c r y o s t ~ ~ t  takes a\,out (5 hr to pull 
tlo\\,~r to -30 (1, dial tc.1l1pcratul.c.. Thcx 
c,r~tting 1)1oc.!i is atlhc-rctl to th(1 11l('t;11 sl>oci- 
r r r c s l l  disc I)!. placing a f(.\\- drops of n.:~tor 
o ~ r  tllc. tlisc, placing thcs l~lock oil it. and 
i~~scxrti~rg thcl assembly into ; I  slot pro\.itled 
in the, cltiick-frc,c,zt. 1)loc.L i l l  thcs cllarn1)c.r. 
Tlrcl top surface of the spc.ci~nen slloultl 1,c 
wc>t. For \voo(1 tisst~(s. 15 I I I ~ I I  is :~(I(Y~II:I~(,. 

I'rotcction  fro^^^ ;In!, tlr!i~rg during f rc ( -~ ing  
: ~ n d  interim pc,riods in sclctioni~rg call be  
p r o v c ~ ~ t c ~ l  by c,o\,c,ring it with a toflon film, 
:I \vasccl covc>r glass, or a ru1)bc.r policcsll~tan. 

Tlic. anti-roll devicc~ \\.as hc,lpful For 01)- 
taining sc.ctions free from emling arrd fold- 
i n s  As thct sc~ctions arc cut ant1 lit, O I I  tlicn 
li illkc. ' .  tlrc'y : ~ r c  ] ) ick~( l  off \vitll a s111;111. soft. 
co1111)aet l)rusl~ u11d trnnsfrrrrd to ;I pre- 
coolctl slide,. Warming thc l ~ o t t o ~ n  o f  thc 
slitl(b uirder th(> spccimcm by prcssiiq it on 

wart11 o1)jcc.t or with the finger tip t l~a\vs 
the, sctction and c,ailscs radial :und tangwtial  
sections to f'l;~ttcm readily. Chess s e c t i o ~ ~ s  
arc) somc>\\lhat Inorct difficult, but  \\,it11 a 
slightly longer hold-rlo\\~~r \\lith thv 1)rnsh 
thc'!. \\-ill flnttc.11 :~d(~cjn;~toly. 



I .  4. \Ii~tchccl a ; u ~ r ~ ~ l ( l  of 1)locL in Fig. 2 scctiolietl after thol.o~~gh inrpl.rgtiation \\,it11 \ \ ;~tcr  and 
t r ( ~ , ~ , i ~ ~ q .  l'rop(zr i cx t  V I I I ~ ) C C ~ ~ I ) I C ~ ~ I ~  p ~ , r ~ ~ i i t s  good (111alit~. stactiot~s:  (j ~ I I I .  K i ~ r o  I I I O I I I I ~ .  

,\lost of thc, sc~ctiol~s I(,sa t11:iil 12 p111 

thick \~~(%rc> stained on tho slitlc to avoid 
mlnrccss;iry handling. S(~clucntia1 staining 
\vitll llclilatoxylin ant1 safrnnirl was used 
c,\rccpt for phlocni tissucl, \vhic.h was dc- 
hydratctl and stainctl \vitlr fast grccn. Aftcr 
\v:lshing, cxcc,ss licluid was rc~rnovcd 11y 
carc>ful I~lotting iiround the section, after 
which it was nrountecl in Karo syrup. 
Son~c, sections \t7ci1-c solvc1~t-dc~l~yc1r:itc~~l aild 
nlountc,ct \vith standard nrc1di;l. 

7'11~. cluality of frozen-tissue, sections tle- 
l)(:n(lwqx)n thc, tcrnper;iturc> used, sharp- 
11c.s~ of the, knifc., cutting s l~rcd,  c~rnbc~tlding 
~l lediu~n,  structural clircction of thc cut, and 
tissue characteristics. 

(;auge teinperatures from -20 to -30 C 
\rere tried in cutting wcstcrn hcmlock. Thc 
optimum sectioning tc,~npc,ratrnc~ \il;ls near 

-:30 (:. \liith sr~bstantiall!~ Iviiruncll tc*lllpc1ra- 
tures, thc s,:>ctions n7crc 1c.s~ unifor111 in 
quality, ;ind aroniid -10C thcrc, Itray 11o 
1x)or adhcsion o f  the block to thcx s~)cxirnc.i~ 
Iioldcr. Prcvcnting frost formatio~r on thc, 
knifc, I)y cscluding anibient air, ~nininlized 
brcaking ant1 tcaring of thcs sectiolls. The 
\valls of thr, e11ambr.r arp thc, cooling surfaccl 
and, as vapor condenses onto them, i t  causes 
drying of  the interior air and co~~xc.cluciit 
sublimation from the knifc of frost formed 
on the ~rloisf. track froln contact \i.itlr the 
\vootl block. 

Tcmpcraturc varic:s within thcs c,ryostat 
chamber with thc lid closed. For c~sa~nplr.  
the, dial and \\.all ternpernturc~s \ \~ , r ($  -31 C ,  
the knife telnpernture was -2.3 C:, kind the 
air around it was -25 C. With the lit1 opcm, 
thc knit'(, tcmpc,raturc was -21 C. TI)(, rcla- 
tivc Ilumidity near the knifc was 305:. With 
the, l id  olwn(d for operation, thc irrtcrior 
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1 .  5.  l') pica1 section cr~t  fro111 fl.ozt.11 green 
\\,c3ster11 Irc.~~llock c;ip\x.oot1 thoror~ghly soaketl 11c- 
fol.c~ f~.cxc*zitrt[ atld cr~ttirlg; (5 ~111. Karo 111ormt. 

tcbn~l)(.rattirc. \ \ p i l l  v;1ry according to the 
roonr air conditions ant1 tlic disturbar~ce 
1)y mixing. 

Water as an cn~l~cclding nredium has the 
atlvantagcswof low viscosity. compatibility 
nith natural and nroist tissue,, no disturb- 
Line(% of cr.11 structure, easy arid quick penc- 
trntion of the cells and the cc.11 walls, good 
s\vc~lliirg of the cell walls \\ritll accompany- 
iiig softening of thv walls for I~c'ttcr cutting, 
and good firmnc~ss :is a solid to prevent 
rnovcsinc,nt and separation of cell conl- 
po~ic,~its under the setrering force, of the 
knifc. Thcrc, is no pro1)lcnl or tirnc, lost in 
rc~nroving t h ~  c~~iibc~dding mcdium; the only 
recluirc,mcnt is a sinipl(, phnsc, changc to 
lic~uid. 

A co1nmc:rcial glycol liquid, cryoform, 
sold as an ernbedding lncdium for thv usual 
soft tissues to bc cut as frozcn tissues, was 
tried on western hemlock. The block, 1.5 
mm tangentially by 3.5 Inn1 radially by 3 
mm along thr grain, was soaked in the, 
iiic~dium for 4 days at room temperature, 
\vith a change. of liquid aftcr 2 days. C h s s  
sc,ctions 6 pm thick \vcrc. of good quality, 
1)ut t h ~  sclctions wcrc not of uniform thick- 
new. Also the sc~ctions tended to curl tightly 
1)cforc. they could 1 1 ~ ~  flattenccl on n slide. 

Our cwly work on cutting frozcn xylem 
\vas in thc longitudinal plane with tho 
knifc moving parallcl to thc fibcr axis and 
thc knifc edge oriented 90' to tho filler 
axis. As it turncd out, this was not the. I,c>st 
dirc>ction for good rc,sults. Some fracturing 
and pccling of surface, layers in th(: knifc 
plan(, were scc~1 on the cross \valls of thc 
trncheids (Fig. 2). Howe\rer, such fr;icturos 
arc, also noticeal~lc but to a lcsscr tlc,grec,, 
pcrhaps, in scctions cut from unsofto~ied 
wood at room temperature with a sliding 
microtoinc. Sonrc) l~ordercd pit p;lirs in 
tangential scctions showed damage to the 
nrnrgos and dislodgccl tori and, in somc 
cases, damage, to the bordcr itself cspcci:illy 
in thin sc)etions 4 to 6 p n .  One, can not 
rule out some, tlalnage tlucx to handling of 
the thin scctions. 

Whew the knife-cclgc, orivntation \vas 
parallel to grain and thr knifc n~o\rcd ac.ross 
the fibc~s, either radial or tangential i i ~  thr 
longitudinal pliilnc,, thcrc \vas lcss da11r;tgc~ 
to thc borderc'tl pits. Some fracture, lines 
were, still visil~le, usually near cc.11-\\]all 
corners, but the \valls parallel to th(n pl;inc 
of t h ~  cut wcw in good conditions. Thc 
prcfwrcd cutting dirc>ction for longitudinal 
scctions was across thc fibor. Cutting 
par;illel to the fiber axis nlay produw a 
splitting action ahead of the knifc causing 
c~xcessivc strewing of the pit bordcrs in 
tangential sr,ctions and rupturing of thc 
Inargo. Kcnnctly and Chan (1970) rc.ported 
that the least c1;lmage to strength of micro- 
sections occurrc~d when the kilifc ( ~ d ~ c '  11721s 
paraIl(~1 to thr grain direction and thr. slice, 
angle was small. Our results are in agrctcl- 
mcwt, although they used a sliding rr~ic.ro- 
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I .  . 'I'fiin';\t,~.st, section thl.oug11 xylenl, vasc~llar ramhiunl, and part of the p11lot.111 of , I  green 
\0r \ \ ;1!  \ I ) ~ I I ( Y ?  I\\.ig: X 11111. K;i~.o I I I ~ I I I I ~ .  

Lo~rrca \\,it11 a lol~gitutlinnl co~l~ponclit of 
friction alld cntting, \~hicln \\us absent in 
ou r  cutting \vith thc, rotary ~nicrotome. 

In c*ontr;lst to cc,rt;~iii c1~fic.icmcic.s of 
some, longih~dinnl sc,ctioning tc~chnicluc~s. 
the, tr:uns\,crse scc*tions of frozc~n, \vat(,r- 
saturated I~locks wctrc. cp~itc ( m y  to cut 
ant1 we1.c. :ilmost free fro111 cutting dam- 
;lgch o \ ~ r  large areas. Hordered pits were 
undull~agccl and tori wctrc, I I O ~  torn loosc. 
\lost of om- anatomical studies employecl 
this typc. of sc,ction 1)c.causc. of thc (,as(, of 
lwoclucing c~xccxllc\nt stained molmts. Thc 
1)ost cutting was in thc. tangclntial direction, 
par:~ll(,l to thc g r o ~ t l l  ring. This  IS al- 
most mandatory if thick, tlciisc~ latc)wood 
\v;ls prc,sc~nt bc~c;iusc,, ( 1 ) thcro was less 
chance, of 11rc.aking loose) the spccil~lc~ii 1)loc.k 
f'ronl thc. base platc. becausc~ of thr high 
rlrvchanical rcsistancc. to the, knife of a 
\\,id(. front of harcl Intc,\\~oocl across thc. 

entire, scction as would occur i r r  cmrltting 
radially, and ( 2 )  thr thickness variation 
\r~ithin the section was minimized if there 
was n o  abnipt density change in thc  clircc- 
tion of cutting. Blocks that :ir(, l o ~ ~ g  and 
narro\t7, and niountcd with the \~ridc, facc 
parallel to t h ~  knifr cdgcx, will bred loosc 
more oasily than short blocks (4 p n ~ ) .  which 
are either sciuwrc in cross section or are 
widrst in thc cutting dirrction. 

Satisfactory cross sc,ctions of western 
l~emlock heiirtn~ood ivcre not obtained \vhcn 
sc.ctioncc1 at 50% MC. Tracheicl walls sep- 
nratcd ~uild nTcrc, pushcd into t h ~  lurncns 
ant1 tori of 1)ordcrrd pits were clislodgcd 
( Fig. 3 ) . Ho\vcvc,r, \vhe11 matchcd I~locks 
Iverc, thoroughly impregnated with water 
and frozen, thc microtome sections nJerr 
c~xccllent, as sho\vn in Fig. 4. High-quality 
scxctions \\7c,rc, also obtained with southern 
!~c,llow pinc sapwootl and Douglas-fir sap- 
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1'1(.. 7. I-'l~loc.l~~ t i s a ~ ~ e  trf grc,rll I)o~~glas-fir stet11 sho\vi~lg sclrrritls \\-it11 co~~celrt~.ic la!(-ri~r~[. 'l'hc, 
sc,ctic~~~ \\ ; IS sol\~c~1it-del1~c1ri1tc.tl, stained \\-it11 fast xrrell :~ntl sc,t in I ' ~ I . ~ I ~ ~ I I I I ~ ;  10 p11. 

\vood aiid Ilcartn.ood. 'The c,pith(llial c ~ l l s  
ill southern pinv \t7('r(' ~ ( ~ c t i o i l ~ d  best at a 
tliick~~c~ss of about 10 pln. 

Nyl(m sections wc.rc produccd with about 
cquu1 quality bet\trr,en 12 and 4 pm; a few 
\~~c,re tried at 16 prn with fair results. Thin 
sections in the range of 4 to 6 pni \vrerr. 
quite casily produced and wcrc, cut rliore 
r,asil y than uncml~c~dd(-tl grecl I xylem. 
Figure, 5 shows a B-/*rn section of \vestern 
lic~nlock with undistortcd bordc~red pits. 
Such sc,ctions arc very ust.ful for certain 
minr~tc stnicture studic.~. liadial sections, 
2 pln thick, of \vestern hemlock nrCrc cut 
satisfactorily but similar cross sc'ctions \vcrc, 
o f  orratic thickness. Radial sections 4 to 6 
p111 \v(T(' e ~ x ~ ( ~ ~ ~ t i o i ~ a l l y  cI(1~1r in clc,tail of 
thct ray cells. 

Ileposits in t11e phloc~m or \-ylc>nl tissues 
arc not distur1)od or rctlno\rccl b) cryostat 
sectioning. Dcposits in the, traoheids of 
grc.cw Ilouglas-fir lic~artn~ootl wcrc, lcft in- 

tact during cutting and slide prc.par;~tion. 
Whcn thc'y \i;c1rc> present, they o c c . ~ ~ n c ~ l  
mainly in thc corners of thc cc,lls \\sit11 a 
miniscus shape. as if this trrerc d t ~ c ~  to sur- 
fi~cc. tcmsion c4'fc.cts. 

Thc cffcctivcness of the, cryostat-I-~~icro- 
tome techniciucl n7as testcd on unclric~d 
phloc,~n tissuo of Ilouglas-fir and Norway 
spnicc. Thr. initial trials produccad \,;i~.iable 
cjuality; sonic. cmnbi:ll cclls ancl sic~vc~ cells 
had I~roken or distorted walls. Additional 
blocks \t7crc3 pr('j)ar(d with grcatc'r prc,cau- 
tion to prc\,cnt drying during block prep- 
aration and, aftrr end trimming, allo\ving 
t\vo days of soaking in the refrigerator to 
obtain greater \I7atcr saturation. From those 
sp(~einlcns, gc,ncb~.ally c~xcc~llent sc,ctions \vc.rc. 
produced ( Fig. 6 )  although not all arcas 
wcrc cclual in cluality. Sclercid csc,lls. with 
their thick walls, cut very wc-11 ( Fig. 7 ) .  
This sectioning techniqucx should bc, vt,r!l 
useful for cambial and phlocwr tissue, 



stl~dic~s cX\7cn though th(%sc> tissuc.s arc niorc 
tlifficult to section ant1 process. Perhaps an 
agar rnatris as suggc,sted 11y E~.c,ndcn and 
Schustc~ (19:38) for itnlr~aturc~ nut tissues 
 night 1ie)lp to hold thr  tlclicatc. sc,ctions 
togcbth(,r, although Mnllick (1971) was :tbl(l 
to cut goocl ~?(~ridcrr l~ scctioris lising only 
T,al)-Tck 0.CI.T. as a sc,ctioning uitl whcn 
csntting sections in n c,ryostat. 

\Vh(~ i  frozen \v;lt(~r-e~llll)c'cl('d tissue is 
sc.ctionc~t1, there is cutting of ico in thc~ cc.11 
Ir~lr~c~ns ant1 other ~nic~roscol~ic openings as 
\voll ~s cutting of the swollen ccbll walls. 
Ho\vc>\~r ,  t h ~  water in tho cc.11 \17all is not 
frozc.11 in th(s con\rcntio~ral sense \)cbcausrl 
shriiik:~gc~ in \\load takes placo upon drying 
;it the, sul)frcczing tclnpcraturc~s ~ ~ s c ~ l  in 
this stutl!. (Erickson c.t a1. 1968). 

17111ikc that of most solids, the, ~nclting 
point of iccl is lo\vorctl I)y prcxssnrc,. Tliorn- 
lmrg alld hl(.ngc,rs (1957) proposed that 
sincex the ~ne~lting point of ice' is Io\~'c~rc~d 
approsiniatc,ly 1 (: for eac.11 10:' dynes /cm2 
of applic~d prc~ssun~, 111olting will occur in 
the, cutting region and h t~a t  \ \ r i l l  flow into 
th(1 rnclting zone, from the, ntljaccmt arcw. 
H ~ \ \ T \ . ~ T ,  th(,ir knifc tcwpcri~turc uras ~nucli  
c o l d c ~  tliiun the block, a f w t  tli~tt \vils not 
trur in orlr study. T1-1c.y computc,d the 
fusion c3ncSrgy f ron~  a Irrc3asurc, of thcl cutting 
rc,sistancc% of the 1)loc.k. ITor a resistance 
of 20 gtn cni of l~lock n.idtlr. the, cwcrgy 
dissipatc~d p c ~  c ~ n  of k11ift. tra\:c>l  ill I)c 
20 x 980 clync~sfcul 1 en1 = 1.96 x 
104 c,rgs. <:onr,crting to c*;~loricbs and tlivid- 
ing by the hcat of fusion, this c,ncrgy is 
sr~fficbic>nt to rncalt ;I 1;1!~-r of ice, al)out 60 nni 
t11ic.k. 

The, thicknc>ss of tllc. 111icro-nicslting zone 
\ \ r i l l  incrc~ascs as I~oth thc, I)lock and knifo 
tc.riipc~raturcs rise). At  solnc. point it will 
:~~lwo;rch tlir. tl~ickrrcss of thr  section 1)eing 
taut, c~sl)ccially for thin scct io~~s,  and tllc. lni- 
suplx)rtc~d cc~llular rnatoriul \\,ill likely lodg(, 
tlc,ar the. cdgcl of tho knifo. Even if the 
\vholc> sc,ction is not in th(, nlolt zone,, n 
rnelt zone at the, cutting c~lgcx of 1 p n  or 
nlorc, probably \ \ i l l  causcL daniagcd surfaces 
o n  thosc c~,lls that arc, diffic~llt to cut. 

In  thcs sectioning of tissues, n ~ u c h  of 
the heat enrrgy drvc~lopcd in thc cutting 
process is conductcd into the knifc and 
somo goc,s into the adjacent frown tissue. 
As temperaturcL is lowered well I~clow the 
frc,c%zing point, the ~nelting zone, brcomrs 
thinner 1)c~causc~ of the, much grcatc,r pres- 
surcB nccc,ssiiry to ~ n c l t  ice at low tempera- 
t11rc.s. A sharp knifr edge  ill narrow thc 
zo~ic, of ccll-wall ~ e \ ~ e r c n c c  and allo\v a 
prcwurc l~uild-up on the ice to the point 
whc~rc the energy absor1)cd \vill ~rrclt the 
icc.. The prcsssnrc in kg/cm2 that is rcciuired 
to mc~lt iccn increases greatly with d(~crr:asing 
tc~uipu~xturc. For r.xan~plc, it is 1 kg at 0 C, 
615 kg at -5 (:, 1625 kg at -15 (: arltl 2200 
kg ( :fi,300 1X)s:'in" at  -22.1 C ( Hoclgman 
clt nl. 1956). ~vhich is ncw the actu;rl knifc 
trmlx~raturc, usccl in   no st of our. cutting. 
Thornburg and h4cngprs ( 1957 ) statv that 
at some point, as tc~irperaturc is lo\vc~rckd, 
thc pressur(> r(,(luir(d to create :I ~nicroinclt 
zone will cxcc~cd the nic~hnnical strength 
of ices ant1 will change, thv c11:lractc.r of the 
cutting procclss. Wv had no cvidtmce of 
s~icli a changr, at  thc tc11lpc~raturc.s n (. used. 
Wc suggcst. Iiomc~vc~r, that the hifill knife- 
cdgc' p r c ~ s s " ~ r ( ~ t 1 l a t  arc, recluircd to melt 
ice, at  low tcsmpcraturc,s may also causc, 
1nc.chanica1 failures of the ice by a co~ltbina- 
tion of cloav:tgc at or nc~w the, \ (lry edgcl 
of thc knifc and I,y tension pcrpcnclicular 
to thc plant, ~:)f the soction. Thc c,ryatalline 
structure of ice and the fracture, l)lanes 
would inf1uc.nc.c the clcx\ugc, pnttcws, but 
\I'(, arc not a\\7arc that this ini'ol-lrration 
ctsists for \\.atl:.r in t h ~  h~rnc>ns and pi t  (,bani- 

1)c.r~ of fil)roi.~s cc%lls. 
Cutting spc%cds that arc. too slo\v may 

cause. rc.frcsczillg of the ~iic~ltod \\.:II-o~ to the, 
knift. at  any givc~n point I,c+'orrl it travels 
away from tl-I(% l)( , \~>l.  Wo fount1 n cti~tting 
s l x ~ ~ l  of 0.3 c m  scca to I)(. satisfactory for 
sy1(~11 ancl phloc,n~. Thc~ c,sact s p c ~ d  1s not 
critical but \ c ~ y  rapid cutting produccs 
tor11 iuitl distortc~cl cc,lls as \r~c~ll as rapid 
dulling of tlw:. knife,. This may I)(,  an (%a- 
l ~ r ~ s s i o ~ i  of ~nc,chanical failuro, its dcscril~cd 
al)ovc,. and c~\-eossi\.c~ prcxsurc. on th(3 knife 
('dfi'' 
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CONCLUSIONS BUSH, \7., AXI) H. E. HEWITT. 1952. Frozen 

A cryostat with rotary microtomc has 
been used to producz high-quality scctions 
for study dircctly or after staining. No 
organic solvents are recluircd; hence, there 
is no distortion due to solvent dchydrs 'I t '  ]on. 
Karo syrup was used for semipermanent 
mounts. Substances soluble in the usual 
mjcroscop?~ solvents arc. not removed from 
the xylcrn or phloem lcaving then1 in a 
natural conditions. I t  is important to satu- 
rate the cells to makc maxi~nunl use of thc 
support offered by the ice. 

Temperatures in the rangcl of -20 C to 
-30 C: are satisfactory for most tissues. The 
lower temperature was generally preferred. 
Cuts on the cross section were easily made 
and were of high quality. In longitudinal 
sectioning, a cutting direction across the 
fibers gavc less tendency to cleavage than 
did a direction parallt.1 to the fiber axis. 
Cross sc.ctions of 4-6 prn thickness pose no 
problem in cutting. Radial sections 2 pm 
thick were also cut. Minimizing ambient 
air entry into the chamber by a plastic cur- 
tain device and working in a low-Ilumidity 
room contribute to improved quality of the 
sections. 

The ~ncthod was used on several specirs 
and on phloem as well as xylem. Quick 
freczing of the specimen block did not 
appear to give adverse effccts to the cell 
structure. The microtome-cryostat should 
find more extensive use in studies of xylem 
and phloem tissues, fibers, and glue-lines. 
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