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c,~I11Q"",~:sTATBS 

'•••~T'OF,~G*IVIILTmlE,:
WASaINGTON!I .;D. (;. 

GTO\fth StufLie~ on (~ucl\~ule 
(Parthelliu111 ar!!entatn111) 1 

\ 

B.\' ER"l .\IU~f 11\\ \f,~.H. 'IIUIII I'l'/l,/ ,nll,IIIII"d, H ,!.I". j)j,ut/ lliI'I.·IH/,Illol/o'. 
jjr.t'!"H1N Itt [','tlld 111t/-/;!'/t SU:L'. Hilt! _l'i;"I.'t<"f'l!i}/ F·tJ.lfHUf'·t·tllr~ .liJr{(ldlfl~111 
Itt ,·f Ilq}J .I.in ItH. I; III itUI 

(;()\TI':\T:, 

r,t~. Pa~(1 

i·'~;:F,. :1,,( tl"!~ :1ud "'HnHl~.tr> I :--t:t"",!Ui ·t. \l·~"t.!~wL! "t ..t"j·t,r.'!·lr\ i'!J.i'" ~;. 
\1"t.h'rJ:ll", aud H;dhllli .. J ;tIl,1 ,j.l'l't':lr'!l~f·t "~ !'aht·(·r !:{ 
.... fi'ftl t:~ .. n4 "'In \\l!!tf·r 1'f1O(i::rir'rt Ht ~nILrl·"~~\.I· d~;tr':':'f'" If! "H"tlo!an ifhll1dti II 
i ir",'Hh d.tt.l.;! ~"f,ntrt.l r'l~·f Jht kw, .... - and d,n:p~ ... ;t1un ...- h:trh 1!~ !"f'btlf1H 
Etft--'r IIi J,ff};•.!.J.t:.,u .. Hi, ~rlJ\\ ttl r., fa'rll'rn!:u~t't 1

;i!!I"J"1'nfli1tifm : J L:tt'r:l~w'" f'ih' J !9 

I\THOIH CTI()\ .\ \1) :,l \I\I,\lfY 

Tit!' ,;p\p(,tinn of pl:\Illill~ :lJ'l'n,; ill whi('h hi~b-,\·il'ldil1~ \'nril'til'" or 
;.!llllyn!t' (f)artftlll;lf/ll (II'W II till iliff (;1'11,'-"r IH'J'fOJ'I11 Ill';:;t i,; or ~n':lt PI'11<'

,'-,;.I (i(';ll vn\ut', ;;iIl('l' lhl' d('~J't'(' of fidel pl'J'form;lll(,(" t>xpr(,,.;,;\,d ill pOllnd" 
C~ \)1' rllblJpl' pl'l' t1<'I"(" i,.; dl'pl'IHI('llt Oil tltt' lI';P of ('litl' \~nJ'i('ti(''' ;\"1(1 a ('Oll

% gl'lli:d Pllyil'ollll1pnt. '['Itt' t \\'() irnpoJ'tl1111 <Titl'J'i'l ill I':ltin~ ppl'fol'm
~ lIfl{'!, UJ'(' ('xt!'l'll;d ~r()\\ th inc'J'('1lll'1l1 :llltl 1}('IT{'nttl~(' or l'lIblJ('J'. B...~ 
= no( ing t hI' Pi'()~J'(',,;;iY!' 01' flllctl1;lling iII<'J'(';I";l' of tlt(' illt'I'l'll1l'llt;; tllHI 
c ('hnll~(''; ill rll()llPl' ('Ollt\'llt il io; po,.;,.;il>l(' to nbt;lin :1 I'Hidy :U'CUnttl' 

~ l'';lim:ltp of lit(' IJt'rfol'tn:uJ('(' or :l nll'j('ty ill II ~in'lI !'IlVil'OllJ11l'nt 
:=< withollt [,{,I.ltlng p('rfnt'lllnll('(' to :1.1l:11ol1liC':11 ;:;tJ'lIctlll't'. :-;il1(,(, thl' 
"" ,.:tllI'tH!(' of J'uhlH'l'. Itm\'(' Vl'l', i,.; 1'(''';lri('l('(1 to ('t'J't;lin (i;;,.;up,.; tlild ;:;111('(, 
~ to ;111 npp('nrnIH'p,,; Illtlxim 1!\11 ,;tol':\g!' I'; contingl'nt IIpon :lsniltlhlP
:it ,,;(ol'agl' ;;P:I('(', illfol'lll;ltlOI1 UII tilt' !'l'lntiYI' dpn'lopllll'l1t o( tll('';« 
:!) ti';';IIPs ill diflPt'l'nt \':ll'i(,tip,; alld lIndl'l' difrPI'l'ltl ('Il\'irOIlIl1~'lltnl ('\)Jl 

'Z-dition..; \\ ollid pllt t\tl' in\!'I'[lI'l'l:ltioll of !>prfOl'm;llll'!' 1'1'1'(lr{ls Oil :1. 

";cbl'oadl'I' \):J;;is, Lloyd ({I': 1'l'('(H!l1iz('d till' impOl'tHIH'l' of :'Ill'it illrnl'
~lll;Hi()1l ,Int! fUl'lli,.;It(:d dtlh\ 01\ till' dl'\'P\OpIlWllt of b:ll'k ;lIHI WO(ld ,111l1 
"'on tllp ,;tol'ngp of I'Ilhill'I'. 

\-PIT Iitt\{: I'; knowlI :liltlut tilt' d('\'(,\OPllH'tlt:tl hi:,,{ol'.\- of ,;p('!lIHI;\I'Y 

li';';IIP;;, ('sp('('i:tH), tIll' ";('('Olld:lry phltll'11l \./11'01' gU:lYIlII', Such kllO\\ 1
('<l~(' would h:l\~l' din'l'l b(\al'iJl~ 011 ;1~1'()1l01111(, pl':lctil'l''';. ('o;l)('(''t:III ...~ 
till' mn.in(PllnlJ('(' of propP!' rnoi"llll'l' II'n'\,.; to :I;;";II),{' IlWXIIllUIll [>('r
fOI'!ll.lIH'l' ill poullds of l'ul>l)('1' P('l' lI('I'I', 

Thl' d:llil 1>1'(''';(,111l,d ill lhi" p:lpl'l' ~iYl' :\ dl'taill'd ;\('('OUI\( or tlw 

;-;uhn1iit(·.l ror (JubJj('nti{JJ1~ Jub I!H~, 

;:; lla1i(t nuJtlh('I"' in parputlwst''''I1'(pr In L·ltt'wlul'l· edt·d. ~I 1!1 


111 ;j'1'j\1 ..1:; .. ~..-1 
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dt,,'p1oplIll'lIlal lIislol'," or til(' ';I'('o;ldnI'Y lissliPS nlld I'llhbl'1' "IOl'llg'I', 
thl' 1'C,lnliY(' dp,'plopnH'llt or bal'k 1I11d \\ood IIllri.l'1' dill'(,[,(,tlt il'l'ig'ntioll 
])I'llt'l i('t's, ami l'C'tl'Og'I'pssin' ('lwlIg'l's ill lltl' flltlcH'llL 

UUi\,yull' plullls d('n'lopill~ 1111(\(,1' low .soil-llloi,;tul'(' "ll'(':-;'; "hl;\\ 
('olldilil'mhl(' sl'n-;ollnl "hoot g'I'O\\ lit nlld a PI'OIH11I1l('('d ill('('p:l::'(, ill til(' 
dianH'lr'I' or till' bl'lI 11 ('11 l''';, III ('Ollll'Hst. wi I h :l 1'(',.;! riel l'd \\11 I l'i' 
P('OllOllIY til!' ,;('n,;ollnlll'llglh ill('I'('Il\PIlI is illsigllifi('ll111 and till' iIH'I'l'a,;(' 
ill d ia nidpl' 01' {Ill' sl('n;s i,.; I'pd u('l'd hy IIl)Pl'oxilll:1 t Ply ;';() P('I'('('11 L 
Expn'sspd ill IOI1ll11~(' {hI' dilrl'l'('II('1' i,.; ('ollsitil'I'llblp, alld lIl(, 1'1I!>hl'l' 
J'l'(,() \' l'1'," fl'olll \\'pll-il'l'ig'all'd lipids is IlllWh g'I'Plllpl' UllIll I'I'OIll pin\,.; 
thnl :11'(1 kl'pt illll'l'lllitll'lltly dry, (\(',;pi!(' n noti(l'nbl!' \'lIl'inlioll ill lltl' 
jl('['('('llI ag'l' or I'llblH'1' ill 1'11\'01' or illll'J'llliUPIlI il'I'igl1lioll, 

Initilll ('Hl1lbialll('li"it," i,; sll'it'lly ('Pllll'ipl'lllL: tltl' dilr('i'('nlilllioll d 
Ill'\\" p11l1H'lIl (,(,lis is !1('11I1('<I alld ('Oilll'idl'S willt tht' illilillliOIl or illll()I'l'~
('('1)(,(,";. '1'1)(· bllik or till' nl'\\' X"I(,111 is /'onlll't! ('111'''' ill I Itl' "l'a,;oll: Ill\ 

till' ntlH'1' II:ll1d. phlOPll1 dl"'l'lol')ll1l'1l1 is ('()lllillllOll~ lIlld ';,"Il<'ill"llllizl'd 
wilh till' PI'(lg'I'(',;:;in' illll('lh'llliol1 of Illl' old pld()PIll Ibl"Ot1~.dl :-,('ll'l'O-I". 
Tlll'I'P j,; 110 ('11['1',\'-0\"'1' of UIl<iilj'l'l'l'lllint('d pldol'1l1 "('lis ill\1) llll' 11;'\\ 
0'(',1":011, "ill('(' Ihl' ti,.:sup,.; ill \\"i11lpl' ('Ollllilioll ,.;ho\\" rulh' 1I1ntuJ'('d "il'\ " 
\l1b(',.; adjlll'(,111 \" Ihl' ('11 Il1hiu Ill, ~('II'I'(,l\('llyml1Iizl1'(i()11 or IIII' nld 
1Idi,'(' pl1IUt'1ll bq!.ill'; l)l'fol'l' Ill'\\ pltllH'1l1 (,('II,.; 111'(' fOl'llll,d hy till' ('lIlll 

biulIl. bUI tL·p I\\"() Pl'Ol'(''';'':(''': 111'l' uSlllll1," ';0 \It'll ';YII('ilI'Olli7.l·d lllnl 11](' 
\\ idlh of 1I<'tl\'(' pill(ll'lll li,.:,.:ul' 1'('I11:1i11'; rni1'l," ('Ollstnllt. ~d(,lO"i
ill\'ol\'(,s lIot Oil I." nil or 111,.:1 ';(,11';011''; al,tiv(' pldo('1I1 but ld,.;() im]ll'l'
('I'ptihly (l\'{'I,t1lkl'''' till' Jil',.:(-rorllwci pld(H'1l1 or tltl' ('I1I'\'('Il\ ';('ll';Oll 10 

all {'XI('l1t llwl i,; 1101 llhnl\''' ('a,;il" d('\('l'l\1illl'(1. lt,; Ill!' lI('C'lllllulalioll 
or 1'1Ihl)(,1' ill Ill(' Ill'\\' pltln;'1ll ,;{'('tol' 1'1'1t,;(''; thl' <\!'1I1:J1'('nlio11 li11l' 11(,
(Wl'l'll old 1I1lt! Ill'\\' gl'owllt, 

.\1 iii'.";!. 110 1'111>1,(:1' i,.; ill LIII' li';":I1I''; or till' IlPW ill('l"p1111'1I\, h('I';I\1,;(' it~ 
sYllt\i(',;i,; I,; ('(Jlllillg'l'1l1 UpOIl lhl' slowi11g'IIP 01' I'ppl'(',;siOIl or g'I'OWl!:. 
('11<1('1' 11 I'l'stl'il'l('d \\'lIlpl' ('('OIlOfilY 1'111>1)(,1' apl}('l!I''; lil',.:l ill thp pldol'JI! 
as Ptll'''' 11"; 111id';l1III Illl'I', IJlll \'('1'\' 1Il11('h 11111'1' ill till' :\,,11'111. 'I'll!' 
pltIO(,Il1' I'n."s 8ho\\' Itl'lI"}, d('posils ()I' 1'11\)1)('1' IJ.,' lite l'lld of till' ~l'lmilJll' 
":('11":011, alld 1lddiliolllli d!'po,;il'; nl'(, ll1ndl' tltl'(lug'lwu( til!' ,rilll!')' 
mOllt hs 

\fin(l'l' ';Ylllh('si,; or l'uI>IWI ma," hI' rrom ('UI'I'(,111 Pl'o<iU!'('; or pbOlll
s\'lltlwsis ir dillwtil' COlllliliollS 111'(' rll"Ol'nhlP; if III!,,' 111'1' Ilot. (II!' 
l"ul>l)('1' 111\1,.:l Ill' :l,"lllil(',.;izl'd from [l1'l'l'uhbl'l' \'(''';('1'\'(''': !l1'c"\'iOllsly SIOI'('(\. 

Tbl' ,'OIUI11(' or I'U I>h('l'-hl'11I'ill!! t is,.;uI' ill I hl' ,.;t ('Ill ,'nl'il''': wi I II Ibi('k
Ill';:"; or iJlIrk ll1ld lOllt! sl(,1ll di;lm('('I' ll1ld wilh till' 1)('I'('l'lIln~'I' l'()lll
po;:i l iOIl or I'a.,' l j':;';UI', s('J(,I'(,I1<'II.\'I11ll, 11 lid <Ll't i y!' pltlo('1I1. ,\. 111 q.(l' 
.si\'\'('-lul)(, ('omplt'HH'1l1, P,.;pC'('ilt!!y if l,"pilil'd hy hl'unt! lall~I'lltilt1 
I>a lids, Il11s 11 d(' pl'(',.;si ng 1,(J'l'et Oil I Ill' 11 ,'11 i Inl ,Il' :'olorll,!.!I' Spal'l' for I'U bl )('1'. 

1I1lt! plnn[,.: showill~ [hi::; :=:ll'll('llll'lt1 cOlifiglll'1ltioll ::;bollid hI' {'Iimillall'd 
fl'olll hl'('('ding slo('\.;:, \Yitltill ('l'l't.lill limils, ho\\'I' "('1', till' nl1nlollli<-nl 
pid 111'(' of lh(: Ihll'k of plH 11 Is 1'('111 I in'I,'- h ill'h 01' lo\\" ill I'U bhl'l' ilIa," ;;:!to\\· 
lill\(' "Ilrinlioll. illdien.tillg' [hll1 storage SPl1('P is ()\II." Pl1l'll." Illilizl'd. 
A fudol' to h(' 1'('('kOIl('(1 wi lit i" t.it(· yurin I ion in physiolog'il'111 ('f1i('il'IH'Y 
from {hl' stn lid (loin t of ru 1>1><.'1' sYlllll(';;:is, 

:\IATEIUALS AND ~.I ETIIODS 

The mnl('\'illl 1'01' stud." ('Hmp from till' indi('lltOl' plot lit ~tnt(' ('ollt'gl', 
X, ~Jex .. whieh is O.1l nIl nlluvilll filII. or h<'lICh, Iyillg' ,.;()nw :30 f('l'lllho\'(' 
tht'llood plnin of tite Hio (irnn<i('. Tht' ,.;oil is a light ,!.!l'H~·ii;\l-br()\\"1l 
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eaiefll'l'OU:; ht':l\'\' ,.;:uu1Y IOllm of mndl'l';ll!' r('['tilit\" Ulld JlHH1<'I'llic' 
wlltpl'-holding (,;lPil('it~:, TIl(' l11(':1n IlllIIU.d pn'c'jp'itntioll i,: about 
s,/ llleht':3, 1'11(' mouthh' irri!!Htioll :;clH'dul(', with <lllt(',.; or irri!!lltioll 
and lltltuml rainfall, i:, dVPIl [n tlt!)l!' 1. Tili,.: ,.:how..; thnt thp (:ontr(J1 
plot wn" irrigllt('d. Oll('i, 11 mOllth; plot () l'('c'pind IIdditional \\':W'" 
during .fUJlt'. .July, Hl1l1 Augu"t; 11IId wntt'r WIl" withh('ld from plot
1,2, :3, (111(1 '* at \'ar~'illg ppriod'" of 1 to :3 month..; duril1g till' 4· lllol1th" 
:\[:l\' to 4\.U!!U';:'t. ~\.ltllOll!!h til(' inflow or WIHI'I' Wib llOt HC'('lIl'Iltt'h' 
('olltl'oll('(l, fIJI' plot" ['('('('i\'('d "imil:!!' \'OIIlIl1('''; with a giY('n il'l'i)!:lli(1Ji, 

T.\9U: l. J/{)'llhl~ irrigal/fJ/t ,<rh"llllc Ix/tofl'ill(! fafll/fll! "/1 <7,,'[1111[, I.r/l' rill" III'li 
plol.', Sial, ('o/L. (/1, ,\', .1 [U', 

'-'pi,:t·W·.Ttl::.. ta', 

f,. i" 
~ . .! ) .!"', ,'ft 

~, j .... 

.!t .:.': 1'" 

.\,11 "tudil''' \\ 1'1'(' lllud(, Oll f1'l'"lt matl'l'ial ohtnilll'ci lit lIifl'l'l'Pllt illtt'l'
nil" fn>1n th!' illcijc'atm plot at ~tnt!' ('oll!')!!', ~llflPI('JlH'llt:t!'Y 
1llII tl'l'ial \\'tb I'('('('i\"('d 1IOW tUllI tlH'1l [mIll illdi/'nlol' plot..; ill :\('w 
:\il'xic'o, Tpxn", Illld ('nlirol'llin, 

Rubl)!'!' dt'po,.;ih \I'l'I'(, "lllciipci ill band "p('lioll" "tailll'd wilh ~lIdaH 
III 01' (bmi(' Heid.; I'DI' li,.:.;u(' difl'pl'l'lltilltioJl tit!' C'0ll111l011 phlol'ogllwitl
11('1 tc'l'lllliqu(' Wi,': t'lllpIO,\'('d. ('Olllltt'I'''tllillil1g with cltlol'oio<iidl' 
of ziw' WII': l'fl'('ctin' ill iJriJl)!illl ont ,:i('\'!' tub(,,.: ill litt' He'ti\'(, phl(l('Jll 
nlHl Jl{'wl\' dif}'.'I'I'Jltiat!'d xvlplIl c'plk ,.:tltinill!! tl\(, I:Utl'l' a hright bllli', 
Photo,!!l'It;lh", \1'('1'(' lak(,11 dll'l,ctly UlJ "('IJ:-;itiz;'ll [lIlJll'l', ' 

STE\J T[SSU~S J\ "J\TER CO\ DITIO\ 

Tht' ,:tnlcluJ'(' tlll'OllZh Iht' bll"(' or a hrHllch of a 1-\'C'lu'-old tJ'an..;
plal1t. takell ill .!illlual:Y \\'11('11 gl'owth H(,ti\'itit'" al'!, "'"~pl'J1d('d 01' III'(' 

Ht a minimulIl, I': ,:ho"'l1 ill E!!lIl'l' l. ~1. Bl'(',lll';(' of tIl(' \'Ilri<ltioll ill 
gl'()\\'(it or (lIP t\\'O ,:illl''; of d;(, braJ\('h., d,,· pith i" l'(·('pntri('. Tlli.., 
difl'PI'Plltial ~!I'()wlh i" ,lIlo,.:th' I'pfl('('[('d ill tit!' Ipll!!th of till' 1'1Hlii or th(, 
xylPlll ,;tnuld,;, hut till' (,oj,tit',ll n'!!ioll ()Il thl' ~idp of !!I'Ptltl'l' X\'Jt'1ll 
«((,\'p]opnH'nt i,; il,l,.;o bl'Oad(,I',' " 

, 
Tltp burk, compo,;pd mnilll.\' of ,,('c'olld:tr,\' phlo('m, form" II i>l'!Jlld 

hl\lId of ti,.;,;u(' ('x('('('diu)! th(, xylem in nrl'U, COIl:,pi('uou" withill th!' 
IJI1rk 1\1'(' di,;crNl', o('cll:,iollllll,\' ('onflu(,l1( ~I'()lIJ),: of (jllt'r,;. ,lJTHnged 
in il ('Oll('PHtri(' ring Illong Utt' pt'riplH'ry or till' flllll'tiullni ph I()(,Ill, 

Tb!· jJ, il1lllry (,01'tt'x j" ypry IIllITO\\' ilnd uhur:, on till' primary I'l',;in 
('llIlllI:., ,A dl'nriy (!(>Iill('d pndodt'l'mi" d(imwl,\' filled with liu')!C' , com
pound Mur{'h pnl'ticl(,s "pt,; it off from {II(' :;('('olldnry phh)(,1ll dig, 1. HI. 
This ti,;;;u(' (2). which (,Oll:,i."t,; of it ('oll('('lllri!' rill).!.' of ,;(,lprotie IUld 
functiollnl phloem, usunlly ('Il('lo:'('" tilt' fir"t "'pt 0'1' ,,;('('olllinry rp;,ill 
(,Hllnls, Tht' IHtter may nhllt on tlH' grmlp" of fiber:" or \'ftITing: 
qllllntitit's of fleti\'(, ,:i"\'l'-IUlw ti';";IIP Jlluy he fOUllll :lhon! till' ennnl,,:, 



4 TECHXICAL Bl..iLLETIX $$5, F. S, DEPT, OF AGIUCULTUIUJ 

FI\lI~It~: 1. ,I, ('!'o~" :<eetion of hl'llnch of :t l-year-uld trar;;plant. ,.].1, H, 
PH!'t of l'r()~~ ~{'('(ion. :,holl'ing ,:tan'h-filkd t'ndociprmi" ahm'p thl' gn.llIp'" of 
S('II'I'l'llch,\'IlllL but "(,,,p!':I1 ('PlIln.,1 ('I':<:I\\":Ly fmlll tl:l' primary r('"illeal.':!I,:, '. 100. 



5 GHOi'-TI'i. ~TUJ)IEt' ox ({LA YCU~ 

I"J(H!I!E 2.--,1, Cro;;;; section through region of active phloem (winter condition). 
showing tiber,; at apex and along uPlwr /lange:; of bundles. X 500. lJ, Cro:<:
section thr'ough basal branch (winter condition) when cort~·x and rays are tilled 
with rubber_ X 50. C, Croi's section through basal branch, taken April I(i; 
nell' xy!t'!Il il'l'rernen t rnCll;;ure;; 0.25 !!I!II.; no act h'it~- [I'; yet "holl-n in t he phloem.>,' 100. 



6 TEel-IXreAL nrLLETlX XX;";, U, :-;, DEPT, OF AGHICTLTUHE 

Scll't'C'll('hymut iZlI tion of Oll' pithwm IISli nIly P!'o('h'ds ('('11 tl'ad from 
tIl(' pCL'ipil(,I',Y, hut f('('<llll'llily phloem fibpr,.; J1l1ltu('(' ill n<ivHl\('(' nlong 
tile f1llJlg"es of the nctiw phlo('m (fig, 2.•:1), Tlwy Wily ('Wll dill'en>Jl
tinte in thp middl(' of n pldlwm group, ('sunil,\" OIl(' ('011('('ntri(' ring 
of till' s('('ondiu'y I'psin ('annl" (\l'vpIops Iwrol'p till' Olls('t of winll'r, but 
n s('('oml HIlt! en'I! n third ring (fig, 2,13) mlly 1)(' ini!intf'd in lhl' ('('gion 
of 111l' S('(,01ldilI'~- phlm'!11 OIl !hi' ;;id(' of gl'('n[('I' x~-I('m dl'ye\opnwnt. 
'fht, Ins(-fnrlllPd ('tlllais may ]lot OIH'Il ('ompl('t<'i,\ until ill(' following 
,::,pring, llnd Iht.' "i('\'P-f.lllll' tis";lIC' 1wlnw is fhpJ) only I),'j'pw ('C'JJs \\"i(k 
\\'[ll'l1 S('('OIHlnry I'('sin ('nnllis do lint dl'v{'lop during till' fit'S! yl'nl', tit" 
";('H!"on:t1 iJ\('I'l''Illl'Jlt of phlo(,1l1 unbrok('11 by ('nnnls nnd titpir jnckd 
('('lis i" l'l'lnJiYl'ly brond (lig, :~, /'..') , 

TIt(, \'us('ulnr rn~',.;, of whi('it titP primHt'Y OtH'''; ('OWl<'('! din'dly wit.h 
til(' pith, fin' IlfllTo\\', but the,\' linn' Oil! ftlJtlik(, ill tilt· ('Ol't('x, '1'11('.,'
('()mpl'i~(' till' impol't Hilt ,.;\ Ol'ni!,'(' t i",.;u(' 1'01' I'll )'1)('1'. 

En'" in midwillt('I' til(' ('nmbillll1 is l'OJllj)()spd of "C'\'\,I'HI I'OWS of 
t1Iin-\\'nll('d ('dl,.; (fif!', ;~, .:1), TIt(, ('OlltoUI' of tlt(' xyll'1I1 i;: (,\'('11 or il'('('gll
]:11'; lISll/llLy til!' lust (,('lis 10 l11ntl)),(' HI'(' fib!')'s, OutWHldh-, tilt' ('am
lJillm nbllt~ UpOIl tilt, mulun' Sil'\'(' tu\H'S oj' till' n('\ in: ';l'('olldnl',\
phloem. 

'1'11(' x~'h'm, iJll'lu,.;in' of pilh. ('o)l,.;lilut(',.; npproxilllutt'ly -10 IWI'('('Il! 
of till' ('I'os,..-s(,(,tiolltll 111'('1\ of till' hl'llll('It, wlt('f'<'I1S tIll' blll'k mnk(,s IIp 
fill />1'('('('111. '1'1)(' fi!>('l's 111ld Ihl' ('('lis of till' ndi\'(' pltlo(,llI ('ol11nill 110 
l'uhb<'1' and )'('<11)('(' tll!' potpntinl slOI'I1I£(' ('up:wity or tit\' bttr!': I)~' abolll 
mH'-thil'd, TItI'S\' fig-ul'\'''; :ll'l' olll,\' I.'plnliw, tIH'il'lIll1gllilut!(' d('jJPllIlillg 
W) ";1I('1t fncto)';; llS lot III width of ('01'1(';.;:, 111'C'11 l)('('llpil'd h,'- Ji\)I'I'S, ami 
uctin' 1)1 t10PJll , 

The I'Ub!>I'I' ('ontt'ld or IIH' ";(ol'ng<' tisslIt's is III n ll1H;.;:iIllU.llI Inlp .ill 
WillU'I' (fig:, ~,B), ~li('nH('()pi(' (,X:lJllillation;; of youllg plnllts Illndt' 
ill ";\1I1111H'I' show (111)' H. fp\\' partid('s of 1'1Ib1H'I', ('x('('pt 1'01' tlt(' jnd\l't 
cell;; IlI'OtIlIt/ tlt(' resin ('Hllak "'it]1 !lIe ('o1l1ing of ('old nildli;; Inll' ill 
::)eptpmlH'1' OJ' pilJ'ly ill O('(OlH'I', tht' ('dis of t 1)(' 'ph1cH'lll rn.~;" suddl'llly 
Ilppe:H' !o 1)(, filll'<l to ('npn('it)" ~\ddit il)1wl 1'1Ibbpl',ltnW('WI', i!" 
d('posih,r/ ill win~(,I',;1 

GIW\\TII DATA OF C()\TROL purr 
TIll' J'('('())'d of tltt' ~J'(l\\'lh of tilt' l)I:lIl[S Oil til(' control plot, llladl' from 

time' to liIll(' d\ll'ill~ till' ('x\l<'J'imcllt, follow,,: 
.1/0/'1'" .'I, !.'I,i,f, ---Tlw {':~mhilllll ZOIH' of 1I10~( of til(' 11I11Idl<'" II:.'.:, iJ('('OIlI(' brOll,c!er, 

1'11<1 "OIllP of lilt' {,plb ftl,tlil/.( til<' )(.1'1('111 "hu\\' l'111111'/.(t'1I1(,1I1 (ii/.(, :3, f{). .In :'Olll(' hUIl
.1[('" \'('~"el (I Hrl'I'('1I tbl iOIl i" p\'ir!PII I (fi/.(, 3, e, D, 81, Tli!' \\ 11f1" of t II!' I!(,w[~' 
fOI'IlI{'d xyl('1ll ('('I!" :~1'(' t~II'('I~(ly (!uite Ihid:, hut :~" ,\'pt II 11 Ii/.(11 ifi(,tl. 

.1I01'1'h JIJ, t.'J,jd,---X.l'It'lI\ difl'erl'lIlintioll i", l'OIl {ill u ill/.(, COI1Il('('lill/.( th(' 111'11'1.\
f01'1n('(l \'p:,:,<,I" i, [', 1lP.I'I'OIl' 1l1I1/.(l'l1 I it',! Iw,lItl of "init i,'l" woo(l pl!.I'(,lleh~·l11t'. 01' \'p.:-i
('(,llll'iC' 1):',I"'l1chym:l" Tltp bulk of 11H' 1l0\\' [i:'HIl' i" ('OIllP0l'(,(\ of fil)('I'"" \I hi('h /'l'

IImin thill-wl1l!L'd :'.11<1 ullli/.(llifiNIIllII('h lOIl)!\'r t1mll Ill(' \'C':'''l'I", TIl(' CllllllJilllll l'pIll' 
of til(' 1':'..1' h:\\'C' IPll1't IWlled or ('\'l'lI dil'ide'd, Ther(' i" ns ypl llO al'l il'it,\' ill titp 
phloem regioll, 

_·\prill li, 1.'J;'d,-~Tlip Xyl('Ul ill('r(,IlI~'l1t, l'(l1l:-.i"lill/.( IHOi'tl," of \'('~~e[,; :111([ fiber" 
[lig, 2, ('), j)H't~Sllrp" 0.2,) llUIl. Cpll cii\'bioll ill I he r:~,\' t'('lb Itt'.'; kepI P:I('(' \\'il h 
x\"lpJl1 tlilft'I'\'Il( it>lioll. l',lld :,ill{,(' I lil' IIl'W porI iOIl of LiJ(' l't',Y (,Olltt~ill~ no ruhber, ill(' 
clIl'rcnt: growth ('()ntrt~·"t.- "I rollgl,\' Wilh IJ](\ old \\'ood (fig, 2, C), Cpj] :~cjj\,jlY on 
tlH' phloelll "idl' of I Ill' (':~,mbilllll i" :-lill qll{'~lio1\l'hl(', :'It'tlll'(' "i('I'p tubp:, t"I'(' ::(,l'n 
tuljl!.ccni to thC' eUIHbitll.ll, i\lltll h(' phloNIl 1'1'.,1''' l!rt' !It'II:,('I,\' fill('d 'I' ith I'l!bbE'1' dO\\'lI 
to th(' 1('\'('1 of thl' ('uJlIlJilllll. J11 ~Olll('I)1ll1dl('", hll,l ('\'PI', IW,\' ('ell:, u" y(~l lit I Ie rlif

• HlIb!),'" illll1l~<~< fJom indio",,,,, ,,1,,1<, ""liml', ('nIiL. 1!1I2-H. 
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f(!r(!lllilLi{'d 111'(' ol):,('I'\'p,[ eeillmd to thp old phlot'lIl. Thp filll'r illitinl" Ull llll' 
]wl'iphery of til(' old phlo('1lI han' ).(r~'u[l." iJl(:r('uspcl ill :,izl', but tllt'ir \Iltlb ha\'(' 
only sli).!:htI~, thickC'lI('rl. R('"ilt eILl1!t1" thu.t forlllNI iJut did Itot cOlllpl{,t('ly OI){'11 
fJC'fore lhc' fid n' II I of \I ill (c'r are 1I0W onll 01' circlllar. 

.1la1/'?, l04,.)'.-TIH' 111'\\' Xylelll illcrPlilell1 IIIP:1:-:lIrl':' 0.-11; 111111. PhloPIlI filll'r tlif
fel'('lItialiollin tllc' 1!).l2 "('1\"011'" illcrt'IIlCllt i" prul!;l'('""ill).!: lIIorp rapidly, III thl' pro
c('~" of "elert'lIcli.vlllfltizatioll elltir\' 11I!l~:':('" of fiiJpr illitial,.: ('Illarl!;p allllo,.:t :.:imllltl!
IIPOII::,ly (fi).!:. -I, .1), therehy crll~hill).!: all arijacPllt :.:i('\'p I II hI'" lWei ('OIllPl~lIi()1I cpll:,: 
:'lIb:'c'qUPIIt I h ic-k('11 ill).!: allrilignifieatioll, ho ..\'!'\·!'!', nr(' Iilort' ).!:!'ndllnl procc,,:'p:,. 

C\'l1 diffpl'ellt illt ion i:, I)('comillg illtr('a"ill).!:I.\· e\'idpllt 011 tIll' phloPl1I :,irlf' of !Ill' 
('11 III bil II II , rp"liltill).\' ill tlip forllla!ioll of all \'\'1'1'-\\ idpI1ill~ banel of ::'c'elJ11 dar.\· 
phlo('III. 111 ('olllm,;t to the xylem, \\'h('l'(' II('W ('I'll,.: ill nU'iu\I'; :'la).!:p:, of difr('renti
'ntioll l'OIJl\lrl~p a n'lat h·pl.,' hroad halld of ti~~IIl', t hI' IImiIIriII).!: of IiI'\\" phliH'lil cell~ 
b c'oilfiu('d to it r('lat in'I.\' nltlTo\l' ZOUI.', FllrlhNIlJOrp, til(' t inH' ('lem('111 ill diffe'r
Pllt i:1tioll :tnd JIm! II ring- of ..;il'\'p Illbl':; i" JJ1l1C'h ,:hoJ'1 ('J' than in (1)(' x.\·I('m, [!,,, lIlat III'(' 
"if'\'1' (111)(':, an' foulld \dthill 2- to -I-l'ell IllY,:'; ()f til!' Cltmi>illlll ('\'l'll dllrill).!: IIlU~t 
activ(' g-ro\\ lh. III bUllfllp,; \\'hl'rl' 110 ~ec'oll!lar,\' I'(',:ill ('[lIlt'.I:, had ditrl'f('lIt it-tNI (fi/!, 
3, EI bl'furt, c'p:'salioll of growth in willter, l':',II('.(,.; makc' t Iwir appNtralll'f' aftpr olll.\' 
It f(",I' 1'011''' of "i('\'\, tll/)C':' lilt\'(, hC'PII fUl'lnl'd, \I lIi!l' II o 1'1II:! I I I' Ihpir dilfC'/'t'utiathm i~ 
pn'cpded by t hI' fUl'Illat iOIl of :I. fairl.I' broad halld of phlo(:1I1. Till' appp:tr:lu('P of 
IIC'",\' r(':,ill ealllll" i" fOI'(',;hadtl,I'pd hy dl'(l(I':il:' of mi>b('r lL).!:g-r('g-alp,: ill Ill!' potplltial 
ppith('lial ('('11~ of 111(' ealUd. 

J/a!lifl, If),id.~T/J(' II'hUh of I lip totall\lIrl x.I·lplli incl'('Ii)('lIi'; llH'a"III'('': 1.2SIIlIIL 
alld O.!Hi 1II1l1" 1'l',;pN:lin'ly, S('collrlar.\· re,.:ill (':lnal,; ha\'(\ diffen'fllialecl ill practi
(·ltllyalllJlIll!llp:,. '[h('l'ltllitl" an' at fir,:! l'litlik(' alld partly elo~c'd: tho,:!' illitiall'cl 
("lI'li('r are' 110,1' ovaloI' ein:lllar. Each callal i,; ':lIrrollllc!pd 1)\' ';('\'cml rll\\'': of 
jacket eell,: tllitl arl' dl'II~l'ly filled \1 illl rllbbl'r. Star~h (lip;, 4, D"i~ lI:,uall.l· prl'''('I1( 
ill thl' :'t'cuIHI ('ell layC'r, p"pl'cinlly [)II tllp ,;idp,; bonll'ring t hp my;.:. ppriplH'rally, 
tIl(' ,;i('yl' tlll)(':, appl"Oach within two cellla.,'('r,; of til(' canal, "'hilt' l'l'lItrad a;.: IImny 
p,,, fOllr rO\l"': of jlt('k('l c('I1~ lIla~' 1)(' pn':'{'lIt, Occa,;iOllally c!lllal,; fail to form, 1)1' at 
IpH;.:t they d[) Ilot OP('Il, call"ill).!: a brcak ill til(' radial ('olltinllity of thl' ;.:il'\,C'-tllb(' 
li';Slll'. 'I'll .. (,l'II~ in ,;uch ar('a,; n;' t hl' llorllHlI ja('kC-I ('clb of ('allal,: art' dell:,('ly fillc-d 
\I it h rllblJ('J', 

'I'll II:', tlu rill).!: 12 "'e(Ok;; of ael h'p g-rowl h, t h" ,.:t elll i II ('r('u,;('d ill nldiu,.: by 1,28 111111. 

and thp xylplIl by 0.9fi IIUIl, Thl' additioll to the bark throu).!:h cambial actiYiry 
\\':1'; relath-"Iy :'lI1all, In otlu'r word", clllllbial ).!:I'owth :1etiYi(il':' ill ).!:Iutyulp fnvor 
xylelll dC'\'cloplIl('1I1 /Jot h in priority of dill\'J'('nt int iOIl alld ill !i,::.:up ma,.:;.:. Th(' 
g-ruwlh C!JT\'P clllr:fJ,l{ Mnrch alld parly April \I'll;; rat her flat, bllt it ro,,<, :-Imrpl,\' 
('arl\' in :\1111', Iht'll Ipn'l('d off for the' re,;1 of th(' liIonth, "'IIile formatioll of np\\, 
phl()cm t j";':lip hn,; b('ell IilllitL'd, n'l ro).!:r('~"i\'(' ('hangp" re;.:ul I illg- ill ,;l'lero~i,; of It l:trp;(' 
part of thp I!}·12 ;:(('1\.';011'" aeti\'(' phloclll Wert' cOIl;.:piL'1I0U:;. 

JlIlIe iii, 1,?!.1.-·Thl' lie ,I' XyJ('1l1 ill('!'ellll'lIll11('a~lff('.., J,2(; IUJlJ.; I ()llll inerl'JJJ(,f1I, 
1.-12 IIllll. l~xprt':<>,('(1 ill t('I'IIH' of area, thi;.: illcl'elllenl rl'prt'Rcnl:' all illcreu,,<' of 
m()f(' thall 100 percl'lIt. TIIi,.: illcr('a:<p i,; c\IIP to cambial activity alld elllar).!:('ml'1I1 
lilld di\'i:<loll of ()Ic\('r ('ell::; ill Ihe ()url'r burk. Th(, periphery of the ;;t('m cro~" "P('
tioll 1m;; klIg-tlwfI('d ('ofl,:idel'llbl.I'; the I!;roup~ of fiber,..; ha\'{~ /lIO\'('(1 f:lrlhpr :lpnrt, 
whil(' lIew cells hlt\'(, bl'l'1I addpd to tlu' f1allgc>' of the ).!:roup" of fibl'rs alld to thp 
,.;iel('s of t h(' phloem my". All of t he' acti\'(' phlol'1lI produced dllrillg- t he "ea~olI of 
1\)42 b lI()x,.;elerolic, alld the' fibl'r~ ('xtelld celltmd to the Ic\'el of the rublJer-frC'1' 
phlu(,BI rety (iig-. ,I, If) or «lightly he.I'C)IId. Th(' rapidity of xylelll differentiation is 
forcibly ill1l81rutl'(1 ill material from Ihe biweckly irrigaled plot. Hen' the cam
bium WII(' alld the arca occupil'd by xylem lisi:lIJe arc' \'Pl'y brolHI. A fp",\' ;.:olitary 
\'\',;::;el:-: are cmlwdd('d ill thilI-w:tlled fibrolls li":;;IIC, which ('xtclld;.: "" fu v,,,: 10 eell 
[:·,.\'cr:< ill\\:lrd. A Rmall qllltlltity of rubber i;; e\'iril'lIt ill fill' lIew phlo('m my, 
chiefly ill lhe l'icillily of the 11(,11' r(',:ill CIIII:lI:; (fi).!:, -I, B), A" ypt (h('r(' i" 110 rIIbb<'r 
ill the I'ILY" of lh(' 11('\\' xylem illcremcnt.. 

J1Inl! 1Ii, 10 Oriobi'/' I/i, IO,i3.-M('a~lIrelllcllt,; on ).!:ro\\'tll illcrelllcnts Ull plallt,; 
from tIl(' control plot as well a,.; from plots 0 t'o ,1 are gi\'ell iII lablc' 2. fr is eYidenl 
that while cambial activity cOlltilllle~ throughoul the ,.;ulIIlIler, littll' lIew xylem i" 
forllled after the mirJdle of .Tilly, TIl(' bark, howe\'er, COlltilllll'S t.o illcn'8sP sOIll('
"I hal in width and reJltli\'(' \\'ei).!:ht. fn thp early ))Itr( of th(' grO\lilI1!; i'l'asOIl thl' • 
\\ei).!:ht: of wood alld bark in the bll~nl part; of the lIIaill brnlleht'~ is aboul {'(f1w.1. 'IIIIIIII 

As the RCIl!;On advl\lIct,~, lhe bark bceollll's ill<:reasilll!;ly ht'Il\'ier, Thi" i:< to lrt~ l'X
Jlcct.cd, ~illce dllrin~ I he ellrly part of lIw ).!:rowing ~l'a"on xyll'1ll i" IIIO"t ly dilieJ'('II
liated, 'I'h!.'r£' is oftell cOflsid!'rnble '-:trilllioll ill the ,;izp of tll(' t'octJicieJ)f of berk 
to wood in bmnch(';; of eqlllll thirkn(',;;; und Il.~(' (tllbl{' 3). Sample:, taken frotll 
t he bust' of brallches ulwllY,; hll\'(1 l~ ""lallt'r t'"H'ffidplIl t hall ;:leIll piece::, higher lip. 
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Flflmu; 4.-.iI, S<:I('r('lIch.vm:ttil\:~t.iulI of pt'riplwml pltrl of netiyl' phloem (May 
2). X 75. H, H,lIbb('rdcpo~il ill my lind b:tsallilH' of ~cl('n'n<:hylJl!L ()II ~:LII)(; t.t!,n
gcnL, !;howing thnt :til of th<' :1eU\,(' phl()I:m ineren1l'1I1 for tl\(' "('I!:iun of 1 !H2 11m; 
bceollw"clerotic'. >< iiO. C, Hn!)lwr d('po"il in ray l'xt('nd" dowlI to el~lIIbj\l1ll 
line: only ulle i:'t'colldary r('"ill eall:i! furtlwd during ('III in' "('l!son (Oet. I). X .'iO. 
D, St:trch ill jacket (,pi!;: arollnd :'('l'olld:ll'Y r('~ill c'lillaJ. >< 100. 
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1'.\111,1;; 2.·--.lt,pl'(/f/I' radilll 1I/('(1slI.rellll'l!is, in ·II/illil/lciel'.~, of oral/cite.s, ShOll'illl1 
Ill/Ill i'lt('rl'lIIe·ltl.~ II lUI .fl/lelll in(·f'(,I/I.I!III.~, JU'III' 10 Or/obI'/' WIt;'J 

JtlllP .Iulr .\IH!lI~t ~t'l)h'l1thlll' O"lob,,!, 
]'101 No. ._- ---- -----.-.. - ----~.-~ 

;
Totn\ Xy!t'ul Tuldl Xyh'lII Tnlnl .Xyit'lll Tolnl XylPJlI ToWI Xyit,lU 

---'~---.-~ 

,•11 III. •1/111. •11111. .lflll. .I{m• .1/1(/. .Ifut. .111(/. .11111 • .1I11l •
('1)1111'01 I. iO I. :1I I, iii : I.:li' 2.(IU 1.1i·1 '!. OS l.li2 2. liS I. fi2 
() 	 i1. in I.al :!.21 I I.i':\ 2. 7~ 2.I)S 2. iX 2.11 2.tH 2. !!1
I I. :1I , 1.112 L52 1.1. 1.70 I.:m 1.,-';7 1.012 2. OS I. r~) 
~ ., 1.1~1 US I. 72 1. 2H 1.7!1 1.:1i' i.llr. I. 5:1 2.1·' I .. i!}iI. :11 I. IS I. an 1.111 I.'" 1.111 I Hi 1.1l! I. iii 1.2."'1 

I. 5S I 1. 211 1. H,~ 1.21 I~ 115 I. 12 1.7fl 1.21 
- -,~.--"-----~--. _·_·w·_~·~_--~--

T \ fll,I'; ;{. '[?p/uli,'(' NJiul/l1' II! IJIIl'k and lI'olld 'in fl 1I11.!J II II· 1/'1/(/ ('oil(/!(lriSOIl of /'llliON 

0/ barl, to /I'ood by Icdf/M, (Jet. 18, UJl,d 

IIEIOIIT OF 1'1..\:,\'1" 1'i I:-;CIIE~; 1\"1<:1(111'1', I,:!;!) (JIL\.\I~ 

Hullo ofL"1I1t11i iliaml'll'r'Dlallll'Il'" Widlh W"iuhl \\'"ill"l
Plot Xj)~ of of of of of of hllrk 10 

: wood h\'I"'Illld, !>rulll'l! wood h:lrk hllrk woud \\'pig-ht

- ----.
('m. Jilll. .11 III. •11 III. alii . Oll/.

a.·1II Ill.!! n.5 2. ~~I I. ·110 1.11~:! 1.:111 
2.!l:{ 111.2 :i .• '\ :!.1U 1.1ll1l .8~a 1.20 
:1. IS II. ;; It 1 1.i'0 1.101" I.OS·I I.Ui' 
:1. ·I~ !I :\ .i. H \ 711 I. ~:{h I.om! 1.17

('onltol 2.IiO s~.j n. ,j l.1I11 " 7U7 .705 (,01, 

:1.11 KI 1;'11 I.()~ I. !I. .S:!·, 1.:11i 
:!. :i:! Sl Ii. I 1.00 · ,~7:! • II:! 1.:!ii 
~. 70 S.fI rio .j 1. 2.'l .s"' • litH 1.2:1 
:t I;i 7. :! I. ~ I. 211 1.00a .IiS~ 1.·Ii' 

j.71 1'1.11 B.O ; ~.1I0 I, is;; I.lklI "l'\:1. .in II ..j "",Ii 1·15 1.:Ui:l L7~1 .. 'ill 
:?t"l0\ 11. 2 i . •i L Sf, I.:!~\) I.·I~"; .s·,
2. 'it) , 11.1 7.7 I.i'li l.:tllO 1.2011 1.1:1 
2••1 ILl! ~.I l..Jii J. 52., 1.·1:111 I.()[j 
2.32 11.11 •• 0 2.00 .H!m J.120 .S!J 

1I 	 ~.Ii(l Ill. Ii S.O I.:JlI 1. ali·1 US2 .U!! 
'2. [,0 1Il.:t S I 1.10 .U2X I.am ••1 
2..If) JIl.n 7.·1 1.:10 I. 12\! .mll i 1.la 
2.U7 11.5 .j. U : J. su •sail · ilii I. (~! 
2.50 !I.lI 5 U 1. 55 .Ui'2 .7U7 I. nuia.11 !I. 0 Ii.fi 1. 7;; .1121 .!I\ll .02

S .) ,2. il ii.·1 1.40 .!II~ • iliO I. 20 

--~-------~---- -----"---
IIIWiliT til' 	1'1..1:'\'1', 20 1:-;(' 1I1~~: WEill 11'1'. 1,2ilj llHA.\I;; 

- .. -~------"---~--- 

:1.011 12. ~ S.!! l.t;;j 1.080 I.S!!I 
:J.20 ll.fi i. '; 1.110 I.'lil 1. t)~, 
a.'J2 1I.1 7. :~ 2.05 1..541' 1.412,
:\.21 11.1 Ii,S 2. If) 1.400 1.2·'" 
:1,2:1 10. II n.u 2.00 1.·Hl , I. ~>fI;, 

I. 	 a.2·1 10. i' ltd ~. 05 1.4~5 : L!H2 
~.·17 11.i' ! Ii.:l : 1.i'1) 1.110 .U:I:l 
'L55 5. i I. !i5 .HIlH ,fj.1~S., 
~.5' S.S 5.0 1.110 i,~O · 51~'
2.5·1 ! S.2 fl. 7 1. ~ri : • ~:I·I .(j~2 
2.57 7. i 5.0 i 1.01'. .tiO·' • ,iSO 

111-;1(111'1' Ol~ 1'1,,1:,\'1'. !Ii I:-;(,II"S; I\' "1011'1', I,OW (] IL\.\I~---_._.__.-
~----.....-.---+-. -' .. 

I2. fia i lI.n 5." I.HO 
I 

0.1155 (I. til I I. lin 
2.01\1 ~.H ti.U .un .1I5a · ino 1.251 	 , I2.:H S.li 5.4 I.liO .77·1 .lin!', I. a!! 
2. [to ~." 5." 1.50 .. ~7n ..571 1.5:\2". 	 H .)2.:lIl f). a 1.·15 ~ ina .mla I. 2U 
2.·17 7.S ·1 •• : l.fi!'i • i12 .515 I.as 
2.r.u 1 7.7 5.2 1.25 • ina 41579 l.a2 
2.-1-1 7.7 I ·I.S 1.,1·' .. il2 • '1:!7 1.1i6 

..."---. I 
------~.,.."-- -~-~ 



11 GHOWTH STUDIEK ox Gt'AYULg 

T.\IJLt: a.-Reluliu(' volullle of bark alltl u'ood in gIlO1/II[" and comparison of ralios 
oj bark to /Cootl bll I{'!.'iuhl, Oct. 18, ll.qR--ConUllllcd 

1l1,1ll1lT (H' I'L.lX'I', I, [XCIIE:'; """1011.'1', I.OUI) Olu.\r" 
.-.;- 

Ll'II~lh d)i!lIll~I("': lliulI",tt"'; Width : W!'i~hl j \\'~iJ(ltl RlIlio of
l'!olXo. of of I of ' of i of of hurk '0 

wood hyh"uu(,1t hnllH'h' wood bU"k, hurk . wood 
I weil':hl 

j-.---~-

CIII. 	 •lIm. .11m• •11 III • am. (;m. 
~.nH 12.11 .').2 2.10 I I.l'Il2 1.402 1.23!!.au I 11.2 7. n I.SO 1.:187 I. 117 1.2·'2. ,.) !I.·I Ii. 0 1.0iO1.70 · 7~3 1.-11
2. O~ !I. I fitl

L 	
I.IlO 1.(]2n • fj.HJ 1.57 

~. f),\) H.U 5.,1 2. all .11-12 .111.) I. 41i
2.4·1 ~.4 .j.1 1.1i'i •S7I , • IlK) I. 45
2.+1 ,'.:1 ;'),5 1 ·10 .X:H • [,07 1.4i 
~.fiS 7 ~ .1. 7 1.5,; i i.710 •·t·16 1.~7
:!.;l[i 

I 
,., ·1.a 1.711 . flti , .40!I IJi5 

- .--.. .-......~~ 

IIIWllIT OF I'I.JA~·I'. 16 I ,,(, II E:l; \\'IW1IlT. Sill <1HA.\JS 

O.Ufili l. :19 
• GO, I. r~s 
· fins 1.37 
• .',14 I, fiV 
.5:,1 t.57 
.na~ 1 UI 
.1;~1i : 1. ~3 
.512 ' 1. 52 
.,lIn 1.74 

l .35~ I. 7~
1 

Thpl'(' i~ prog-rl'~"iv(' "cll'l'PJI(·h.\·Ill:ttizutiul1 of til(' ppriphpnti phlOt'lIl, "I hich 1I0W 
iIlYo!\'p" ~()lllP phlocllI fO/'llwrl dllrill~ til(' currCl1t yClLr. Olle or t\, (J IlQ\I" rpsin 
cnllul~ ft/'(, forllled dllrin~ the clltirQ gn)-.dng ,,(>a~()II, "'hcre ollly one cnllal is 
fOl'll1('d, UI(' rndiall'xh~lIt of the phlo(,1lI blll1dl(':, fro III til(' lu~[. cunni to thp cambium 
i:, \'cry large (fig. 4, C). 

Althoug-h partielps of rub!>(>/' form in the lIew phloem my, e\'(~1l durillg Qurl}' 
I!rowth, upprpci:Lblp qUltlltitip:, are 1I0t' foullri lilltiltltp Iltttpr p:lrt of ,July, Rubber 
app(':n;> Dr,:t ill til(' \'ielni(,I' of til(' lu"t-forIllPd callal (l1g. 4, i3i, whenec it. exl('lIels 
upward Ulltt! it I1I(,P(" thQ ht'a,'Y dC'po;.;it ill the ha,:ul part of till' old my. The 
xyler!l my of thp ne',1' iIlCrQIll('II( COlltaim; 110 ruhber ulltil toward the (,Iltl of thc 
g-rrnnng !:'ea':OJl. 

EF.FECT OF iRIUGATlO;\,S O:\' GROWTH AND TISSUE 

D[FF8RENTIATJON 


'1'11(' elJ'l'('t of nlriatiQll in wnt('r' supply on til(' grilC'!'nl growth of 
g-UIl.YlJi(' plant;:; is appar';'nt ('n'n to tire' casunl obs('rn~l'. Plants from 
t.ill' bi,,-(,pkl,\' il'rig-at(ld plot HI'(' tnlIel' and mud) hcaviel' than those 
fl'om tl1(1 ('(mtl'ol ploe which W:H; il'l'igntecl only ontp a montll (tnbh.s 
3 alld 4). Plullts from plot .{ W(,I'l' til(' small('stj U)(lir' stems were thin, 
and th('y w('ig-ll('d It'ss thnll hnlf' ns much ns plants from plot O. 
Phll1 to; from plot 2 \\'1'1'1' Jlot qui «I so h('11 \'Y ns those' from plot 1, eYen 
lhough plot 1 WliS kept til',,- n month IOHg(lr'. 'rhe ('xplanalion rna.)' 
1)(' found ill the gl'(lat('1' fel'tility of plot I, fls shown hy thl' IH'l'fol'mnn('e 
of IH'(I"ious (·I'Ops. Plants fl'om plot a \\'('1'(' sOIl1('wlmt henxil'l' tlrnn 
those from plot 4, flltltough tilt' two plots hnd been kept dl'Y fol' nn 
identieal period. ('X<'ppL that \\'atel' \\-lIS withll(·ld a. month (lndicl' from 
plot 3 nwl il'l'igation was J'PSlll1H'<lll. lllonth I'IlrIi(ll'. 

Incn'llll'lI t mt'usu l'PlIl('n ts 0 f tm llSVPl'SP d im('lIsiolls of bnrk anel 
wood \\,('I'e mnd(· on fl'(lsh lllatpl'i:ll WhelleV('1' ('amhial Heti,rity, how
evcl' sligh t, p(IL'mi tt<,ci n. den n sepnm lion of Ull'SP tissues along the 
cmnhiUln Jill(,. The Sltlll(' pi(lc('s of sU'm, weighed hefore nlld nftt'l' 
decorti(,f1lion. gave a ('ompnr:ison of rntios of bnL'k to wood hy weight. 
TogethC'!', thest' (wo llH'thocls provicl(ld H. fnirly reliable· index: of C[unn
(itntiv(' g-l'owth in!'('Iulion to wutel' supply, pl'Ovidl'd eHrl' wus tnken 
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TAlIl,]> 4.-ilveragc green weight, dry 'weight, jlIJrcentage of rubber, grams of 1"IIbber 
1Je1' 1Jiant, and pounds, of 1'ubbel' pm' acre, ,Vo/}. 80, 1948, and Feb. 15, 1.944, at 
Stale Col/ege, N .•llex, 

--~_c_,-"c'l 0"('('11 W('[Rlll I Orr \\'(>iRht "1 HIJJ:ht>r p:.r plllll!... 'Bllhh(',. P(.,. lI('rc 

1'101 Xo. i_·~I~~~~__!_~~J~::"_:__ --.---------;----1--- .___ 
.l'ioy.:lll !'('h,151xo\', all' l-'f'h,15~~t,,·,:lO F('b,II;I;-';o\', 30; F~h.l!ijl\',,,·. ao Ft>b.15 

>+---.----.-.".-~-- --~ ~--'-I"'- ---...-'---'~------~ -.-...~--.'-- --- ____+._'_ ..._~_! _____.___~~."""'__ 

: GrllmS I Omlwi Onlllls! GrfrllJs jPNcen/ J1'errelli (hums OrtlllUi iPoulld~;POflWls
ControL, . .1 J,lfoXI 1,Ilin 4,11 55G' 4,U[; 5.1l3 20.5:;131.30' 237i 302 
(J , , I,sm' l,ll!il 72:1: usn: ,1.15 4.81 :10.00, :13.82 :H7 i :19l 
1 1, a7·1: 1,525 fion ! 052 -,I. 67 5,21 2:3. na: a:3.71. I 27:3, aoo
.J 

J,32.1.) J,2H!J 4{}2 ~~57 r 0.00. {j~ 35 2!1. 5U' 2!1. Ok ;{·11 3:m~ . I 

.: SSfJ: !lIiO I a:l!i :lU!J .,. ,IS: :',7;' JK ,II 2;1. ].I 213 : 26,
.1. ••. _ -··1 S17 7!H !!iti ~{H Ii. 00 Ii. 05 Hi. fin Hl.fil ]91 j 227 

--- ~. ---- -_._- - --------<,~ ~--•. ~-

lo W:i(' fr'('sh ma.terilll, preferably ('oJ/('etcd ill UIC lI10rning nud ])H'HSured. 
IIl1d weighed hdore tlH're W:iS a loss of walcr from tlH' tissues. 

A summal'\' of incremenl llWl1Stll'emf'lI ts of lrn mWPl'sr dimensions 
nml weight d('\.f'rrnillnlions of hark Ilnd wood is gi'\'('ll ill tahle 5. 'fhe 
ratios of tht' l'ndius of tll(' wood to tlip hilrk an' dil,(,('t1y related to 
]JIlInl weight alld watCL' supply (tahle 5), til" hiw('(~kly il'J'igated plot 
]Jro/lu<'ing pl'oportionnkly tJl(' largest qunntit.y of wood. Ilnd plot 4 
thl'smallest. Concomitantly, tlH' mt.io of hnl'k to wood hy weight is 
smnllt'sL for tlll' hi\veekly irl'igatpd plot. !)ol1wwlwt illl'ongL'Uous is 
thp perlOI'I1Hu)C(' of plols ~~ lLud 4. which J'eeeivrd tlJr 8n111(' volume of 
il'rigrLl,ion wn.l!.'1', ('xeept tlln.t in plot :~ the dJ'~' period wns bC'gnl1 and 
LC'rminnipdl monOI earlil'l'. 

TAlll.I': ii.' ·Hell/tille qUlllllilll oj bark alld l('ood, (lcl. 18, lij.~d I 

Hnlio of Hlltio of 
'1'101 ;-';U. U"dills of ThicklH'5S radius of har'k to 

woot! of "llI'k woot! \\·ood hv 
II) hark wpigh( 

i 
.11111. "Hili.ICOJltrol ~_. 2. tI.i 1.45 2. 03 1. 24

0." 3, ()Q I 1. un 2.21\ ,9SL 3. ao : 1. ;.1 1.89 ' I. I,2._ ~ _. 2. iO . 1.4-1 1.87 1.423.... _.. .. 2. fJ5 ; 1. i.7 1.77 [.434.•• _... _ 2. (15 : I fi2 Loa 1.~2 

1 For d~tnns src tublc' 2. 

:-)ensonnl growth increment of wood and burk Was dct(~rll1ined bjT 

meusuring tJll' trnnsvel'Sl' dinwllsions under the microscope. 11'01' 
the bnrk O'l'S£, menSlll'('lllpnts lire reliable only so long flS there is 
little or no l'lllllJt'r ill the lH'wly fOl'med pnrL of HIl' rn,y. Thl' de
mnrcntion lill(1 b(\twe('ll the old and the new growth heeol1les indistinct 
ns l'ubber jncrells('s nhulIdn.lItly.ill til£' IH'W ray tissue, until finaJly it 
is difHcult to s('pnrntl' old and new growth. TIJ(' seasonal wood 
increment is morl' easily shown, jwcnus(l little rubber is deposited 
in the new wood ru.ys lwforf' the ('lid of the growing senson. The 
common eccentrici!,y of gt'Owth in tlw brnnehes (,f gun,yule mllst nlso 
be taken into 11('('011Jlt, with t1,e accompanying variation in th!.' width 
of tIl<' burk; in the wood t1w vnrln.tiOJl in length of the different l'Ildii 
is even mort' })l'onouneed. Thus, while the figUl'(,s on increment 
menSll1'Cment do not lend t11cmsdves to sintistiefll treatment, they 
do represent 1'elinbl(' tendencies if cnr(' is Luken to s(']('ct mnt('t'inl of 
uniform growt.h. 

http:20.5:;131.30
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SEASOi\AL DEYELOPMEJ\T OF SECOi\DARY J~H LOE,\l A\ D 

APPEAH.A"iCE OF RLBBER 


Long hdc)l'(' tllt'l'(' is :Illy OU t ward mnnif't':iiation of' ~l'o\\'tll, till' 
('nmhium is aetiYHit'd illld 1'Ol'111S Ill'\\' tissues, tit!' I'ut(' of difl'l'J'('llliutioll 
int'l'ensillg ns outsid(' in/lul'ncl's 1)('('0111(' mol'(' fnvornhle, 

Rplntiwly littk is known nhout the dl'v('loplI1Pntnl histol',v of 
sl'('ondnl',Y tissut's ill gpnfn'nl Hnd of thl' phloem.in pnl'li('ulnl', A('col'll
ing to :-ltrnsIJul'gel' (8), phltH'll1 pl'od uelioll ht'gins In t('1' 111.<1 eon tinUl'g 
IOllgPI' than thnt of x:vlt~m, and tlt(' t.rnnsilioll f!'Om enmhiuln to 
phlot'lll is nhl'upt dUl'illg tJl(' gL'Owing Sl'nson, :Russow (7) nlso found 
tlll' dpmnl'cn.tioll 1H'lwPt'n eumhillll1 IIlld p1110(,111 to hI' VNy Slllll'P ill 
sumllll'l' fllld OhS(,UI'(' dUl'ing the' dOI'/l1ilnt SC'Hson, indicnling thnl 
dUl'ing tll(, growing sl'nson dpyelopm('llln] stuges werl' pnss('d YI'I':\
rnpidl,v, 'I'h(1 COIH'Ppt that in both gymnospPl'ms Hilt! I1llgiospl'I'ms 
SOl11(' phlo(,lll ('dis I'emnill in 1111 .innnnlUI'I' Slutl' througlt till' wint('/' 
und l'eSllll1(' diffl'l'l'lltinlioll ill spring (3) hns 1H'Pl1 suppol'ted h:\T tltl' 
r('('t'11l study of A1I11(' lind Crnfts (1) 011 tlll' pld()(,1ll of whitl' Pill(1 Hlld 
othl'l' ('ollifl'I'OUS SPl'Cil's, 

In gUH.YUII" pl'iol'it',\T of lissu(· dif\'(,I'I'nlintion h('longs d(,finikly te) 
til(' xylplll. It is IntI' ill April, when tlll' wentllt'l' hns 1)('('0111(' wn.I'1ll 
and flow('1' stnlks 1wgin to nppt'HI', that. tltl' cambium for111s pltloPII1 
('plls by rl'tipl'oenl division, By thnt tin1(' tltp Ill'''' xylelll illCl'Pllll'nt 
is nlr'('n(hTII hnlf millinll'tpl' hl'ond-ns hl'oncl us the hllnd of s('('ondun
phloem thnt will dpvl'lop dUl'ing thl' entin' v('gI'tnliv(' pl'l'iod, rrhel:l' 
is no till'l',Y-oyel' of 1I11difl'I'I'pnlintpd phlol'lll ('plls into thp Ill'\\' Senson, 
sinc(' the tissul's in Willipl' l'ondilioll show fully matul'l'd SiPVl' tuh!'s 
lldjneellt to tltl' enmhiull1, " 

'I'11C' nppeUmlH'I' of 1'ubhel'hns hpl'n lI1ention('(1 ]Jrt'viously ill ('01111('('
tion with illcl'c'll!t'nlllWHSUI'l'lll/'lIls, j"lo l'uh1wI' in d(,te('blhll' quantity 
is s('('n during thl' pndy months of' till' v('gl'tnliVl' sensoll, Pill'tI~" 
beeHusl' pltlO('1ll lisslIP fOl'll1ntion is illitinlN\ lllu('h latel' thull xylem 
nlld pnl'tly be('uusp I'Ilhbpl' sYllthesis is sYllchl'onizl'd with n slowillg' 
up 01' eessutioll of thl' gl'owth prO(,l'sses lll'cnusl' of wILtel' defiei('lIey, 
Rub1lt'I' deposits in thp phlol'm mys of the IIl'W inCl'ement wen' first 
ohsPt'Yl'd eurly in ,JJlly ill plnnts of plotsl nne! :3 nnd n littll' lntl'J' ill 
plnnts fl'om plots 2 untl 4, 'l'lll'sl' plots hnd h('('n without il'J'igntion 
wn tel' silll'(, tlt«' pnd of April nnd of ~·ln.y, J'('spel'tiv('ly, At thl' (l1H\ 
of July pnl'tielc's of I'Ilb1)('r W<'I'I' n1so S(ll'n in the nt'w phlopm m,,Ys of 
plnnt.s from Ut(' ('ontl'ol plot. :EnJ'ly ill AlIgusltlH' I'llbht'l' conl('nl of 
tJll~ new plllo('m l'i\.,YS of plunts from plots 1 to 4 hnd inCn'11S('d cOllsid
(~rnhl'y; n nwdium hl'IWY fI('posit wns nlso ('yidt'llt ill till' eontrol plot, 
hilt then' wus only il smn11 qunlltit.y in phlllls from till' heavily il'l'igatl'd 
plot. In ~eptemlll'1' till' pldo('m rH,Ys of phlllts fmm plots 1 to 4 W(,I'p 
so filled with rubhl'l' tllnt tlll' t\l'm!l.I'cntioll lillt' bet.weell old Hnd IIl'W 
gl'Owth wns no 10ng'PI' disting'uishnhlp, 

The poillt of init.in] J'llblll:l' deposit ill th(1 IH'W pltlol'1l1 I'lI,y is not 
IInifol'mly lo('nlizpd, Often rllhh('J' ItppeHI'S first in that pnd of t.hl' 
Tlly thnt is tungl'ntinllyill lill(> WiUI thp lust-fonlled resill cnnul, whl'lle(' 
it l'xtends out.wnrd Hnd ePlltmd, 01' the first Ilotieellbk deposit mH.\' 
nppenr Ileur tht' uppl'r pn)'t of till' rll,y, If so, tlw dcmnreution lilll' 
lwtw('l'lIthe old nnd the nl'W ill('I'I'IllI'nt is elirninutNi enrliel', 

Rubh('l' !l.ppelll'S in tlw xylt'm rays mueh lalel', As endy as Ow 
middle of .Tuly it mlly 1)(' s(>('n ill millutt, qUH.ntities ill plnllts ft'om plots 
] to 4, Th(, deposits n('V('I' lI('('ome h('lly~r t'nough lit nny tinl(> during 

http:phloem.in
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tIll' gl"owing st.'ason to oblitc'l'nll' thp diyidin~ lint' ht'twt.'en thl' old and 
tllC' liP\\, incl"enwnt. 

Vlhik stnining I'cn("tiolls inciic-ntl' n henvy ckposiL of l"llbhel" in llw 
phloem rays by Hit' end of tll!' growing senson, additional dl'posils UTe 

mndc' throughout the wintell" months, liS sIlown by a ("ompnxisoll of 
tll(' rubber unalyses (table 4). 

The l]fl,tureof mhber synthesis in win tl'l" 1'r01l1 photosYIlU)('t ie: 
n'sC'ryes pl"('sunutlJl:y is stin n moot qlll'stioll. Thl' ollly visihiP food 
l"('SPl"YP in gun.yllk is stnl"C"h 10enJized ill tlll' ("elis of the elldodl'l'mis and 
nl"ound tIll' sl'C"on<inxy l"esin c-unn.ls. '1'11(' limited supply of this stnl"('h, 
whieh distlppenrs in wintpL", doc's not al'gup ill J"nyor of its lll'ing it 

potential somel' of ruhheJ". On the otlwr halld, inulin 4 is found in 
an nppt'ceinble qUlllllity and eould 1)(' clasp!y c:onn('(~lpd with ruhh('l' 
",\'nlill'sis, cx('ept tItnt hoth Ihp illulill nnd lllP ruhl)('r (~onll'nt of OJ(' 
t issul's i,l1t'l"l'nst' ilt thp san'\(' p('l'iods. 

LMl' ill fall the L"uhhel" content of lH'HYily irl'ig:lied plants is lo'n'r 
thnn tlin L of pIn nts growll u ndel" t'C'slrietet\ WiHl'r p('Ollomy (tn hi,' -1). 
Sinct' nil' form('t' pOSSC'ss nmpk stOt'tlg(' fa('ilitit's, ltow<,vpL', nil 11nlllysis 
mad!' ill mic/win/C'L' should show nn aPPL'eC'inhk illcrense ill tilt' ])el'('ent
,lgl' of rubht'l', pr(lYidpt\ the' demallds madl' 011 pltotosyntllc,tic products 
durillg Vt'gdnliv(' ~I'OWtll do 1l0t pt'ev('nL t]ll' tH'eltllllllntion of t·t'Sl'rYps, 
ill Ollt' form 01' HllOUWl', from W11i('11 nlblJ('I' ('ollid h(, synUl(·sized. This 
('xj)<'('tntion was only Pnt'tiy rl'nlizl'd, lIOWPYPt', dming tltl' I ()-,\'(,('k 
int(,lTal h('tweell lllt: two nt\alyses (tahh, -1). ' 

Oil tlw subj('et of wi!ltC'r syntllt'sis of rllhlH'l', Dr. .1\. C. llildrptll ~ 
ht)8 the following to suy: 

,\'inter synthesis of rubber docs not nl'ccssarily. Iw,vc to bc frol1l pliot()~ynthetic 
rp"PITcS prcl'iollsl.l' storcd. Thc plants cttrry foliage ordilltu'ily, and tcrllppratllrc 
and light: conditiolls 1Lt:C\ oftcn favorable for photo;;ynthesi:;. ('on~cquently, 
rllllbcr could be synthesized from cUlTent prociucts of photo:iynthcsi,- without 
dr:l\\'ing on rCHcrvcs. 111 fact, we have no evidence iLt all that cltrbohydrate 
reservcs can be trltnsformcd into rubber". The ollly experinlCnts condllc('d that 
han' 11 bearing on this point: indicate that rubbcr formation docs not lake place 
ill wintcr if the plants arc dcfoliDted. 

This V.lew hus 11111eh to reeornmclld i.t; also it ,,'ould Jl(>lp to explain 
Ull' n'!n.tiy(>ly smnll itHTl'l1sl' showll during D('(~('ml)('r and .Tlllllllll·Y 
(] 94;)-44), ",hc'll n hllorJ11nlly low tNnlwrn.turl'S pl'pvnilet\. Tlll' aeclt
mull! tlOIl of j)n'rtlhhl'I' r('S('IT(,S, nlthougll not IlS yet dl'mOllstnl t t'd, 
['('nlnins n possihility, SiIH't" especinlly in young plants, ill(' sllddt'll 
filling of tll(' slomge lissll(,s l'l1rJy in t.he fall could hardly lI(' nl'colltded 
for hy cUtTPll L S.)'1l Ult'sis nloll(', ('Yell lv-hell til(' dpcrcnse ill ('ll1nhinl 
activity, whieh would rC'iense mon' huilding J11l1tC'rinl for I'uhhpr formn
tion, is Lakl'll into f1CCOllnt:. 

RETHOGRESSIVE CHANGES IN SECONDARY PHLOEM 

.A rltnmctel'istie fell,Lure 01' the bnrk of gllflyule is the sell'f'('J1chym!1, 
wllich pL'ogrpssivC'ly displaccs nIL old conducting-phloem elcments. 
The sclpl'('J1cit.)'nHt. appears in n, ('toss sl'ction of the bnrk flS disct'pte 
hUl1l11es of given (\('pth find widt.h, as detpl'minC'd hy the spueing of 
the medullnry rays and. the l'('siJ1 canals. 

~ C'17HTIS, O. F~, .lit., ~lCnAHYJ " .. , c.., SJ.ATTEltY, j\1. c. lu;r:IO.s~\I•.o\.sl) Sr:.-\SOXAI~ DlSTHlHl'TIOS or' 
ItrnHIW., CAIWORYDIt,\TES, AND NITHonEN IS (l\~AYrrU·:. }lUIWr JlI'PSt~l11.ed at IlIl' ""inlPI" HCSl\Ut'ch PI'O,!!l'l'S') 
!1nd PlanS ('Ol1n.·l'eIle(~. Gunyull' Project.. Safinlls, Cnlir., IfJ·H. rpt'O(,(,!;~l·(L] 

5 From n ll\til'l', dntl'd 1\'lny 0,1044, hy .A. C.ITildl'C'lh, 111'Ojl1l't i('udl'I'J XIlt'('inl Guuyult) nCs~nr(''h Projtil't, 
BUIl'nu o( Plont Inctustr~', f;Oils, nnd "\~"icull!Irnl EU!,incl."'ing. 
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TJl(' most p<'l'ipht'rnl !;('lpl'PllcitYIIlHI gl'oulls (fig, I, •. 11 JIla:\- h(, il'I'egu
Inr, ('onfol'll1ing to the lIlod(, of growth of tJl(' first s('('olld:II'>' pJdo(,1Il as 
n ",Jloh', S('!t'I'osis Pl'ocppds I'ndially, ('(,lltl':ld from WiUIOl!t. Ilnttl'l1l.lIg 
find C'l'llshing nil' wnlls oJ llH' si('Y(' t1l1)(,s lIlld at lilllt's oY('rtnkillg sOlnt.' 

of UII' IwigJrhol'ing ray n'lIs, Tho illitinl slngl's of Sci('I'PII('hYIIIalizlI
tioll of tll(' old ndin' plrlo(,1Il nl'(' l'yid(,111 11('/'0(,(1 lit'\\' phl(wlI1 ('('11" lIl'C' 
1'Ol'l1wd hy thc' enmhium, hut Oil tlw w]lok til(' two PI'OI'('SSI'S nl'(' 
syndll'oniz('(1 so Ulnt tll(l qualltit:,r of i1diyl' phlol'lI1 t issl!l' l'('IIl:liIlS 
f:lirl~- eOllstnllt. Dllrillg IIIosl actiy(' gl'owlh, 111'\\' ('pll dl'\'plopIIIl'lIl 
tt'mpoI'Hl'il,\' ('X('('('ds s('\(,l'osis, so lllll( til(' balld of a(,ti'\'(' phlol'lll is at 
til1H's qUitl' hl'oad, Sillc(' UI(' I'a~' tiS;':"H' ,)1' UtI' IlI'W s('('olld:II':\' pJrlo('1I1 
('ontuills lIO I'ulll)('r, pl'ogl'l'ssi\'(' s(''''l'osis ('all ill' followed ('asiiy by 
lIotillg lhp positioll of til(' :I1Jl'X of LlI(' l'uhhel'-fl'l'l' I'ay ill 1'('latioll to l"l' 
fiiJ('l's, "']1(,11 lhl' t\\"o Il'Yl'ls aI'(' Oil til(' salll(' til IIgl'llt , :tll of UIl' 1\l4~ 
SPHSOIl'S aC'tiy(' pblol'l1l ill a giY('1I hUlldl(, JI:IS 1)('(,011:(' ,,('II'I'otic, (luit(' 
oftpll UH' Jiallg!'s of LlIl' a('t iy!' pldo('1I1 gl'Olips II iii t t!I'(' fibers ill ad"\':II1('1' 
of tlle ('('l1t('l' (fig, cL H) :llId 1IIl'('( thl' 1I1H'X of tlr(' I'IIIJIH'I'-r('(,(' 1':1:\' :1.1 
nn pnl'li('1' dnll', 

In piants 1'1'0111 til(' ('ontl'ol plot, :lIl or \:ist :;('n8<III'" :t('tin' plrlO(,1ll 
11('(':111](' S(,!(,l'oti(' ('al'iy ill .)uh', al :I tillll' whe'll til(' I'llt(' or xyll'11l /'01'
lI1:1tion W:iS subsidillg :lnd l)hloPIII dirrPI'(,l1li:lti()1I W:IS nt its it('if?itt. 
In plots tllnt itnd 1)('('11 k(lpt dl'Y dUl'illg ~In~' :llId ,IUIH', the' Il'\'t'ls 
of til(' fib('l's :111t! I'lrlllwl'-fn'<' 1'<1\' lissu(::i did Ilot lIil'!'t lilltil:i \n'('\~s
1:11('1', ' 

S('h'losi:; imll('/'('l'pt ihLy ill\'olws tit(' lilst-J'ol'll1l'd plrlol'lIl of titl' 
('U 1'1'('11 t :;(,:lSOII. Titis PI'O('('SS m:l~' ('(JIll(' to nil nPP:lI'C'11 t IwIt :ilJOY(' 
till' 1:l.st-J'oll11('<I I'Psill (':I lin I. But grndu:1l1y titt' 1I:111~(lS of th" plrl(l('1ll 
h('it,\\, LIte' ('[111:11 he'('OIII(' illyo1\'(,d :tll<l 1)\, Ihl' ('lid or titl' s('nso.ll, d(,
I)(,Jldillg Oil Ih(' tinH' of illit i:llion nJ' th(' Ins'[ (':111:11,:1 (,Olllpl('11' tnll~l'lltjnl 
halld of libp/,s is fOl'llwd, 

To \vlrat ('xt(,llt sC'I('I'osis il1\'oh-(>s tit(' pitlo('Jll of til(' ('U 1'1'('11 1 ill
('I'('nWl1t is 1l0( (,:lsil" (ktC'l'Illill(,(1. sim'" lil(' lI('('ul1lulHtioll of l'uhhl'l' ill 
tl](,I1(,\\' phlo('m S('c'to/' (,1':lS(,S til(' d('mnl'f'ntion lill(' 1)('(\\'('('11 old :llld 
liP\\' ~J'()wtit, III pllllllS 1'1'0111 titl' dry plots (hi:; 111:1y11HPPl'1l l)(Ifon' 
III i<islllnml'I', In t h(' ash (FI'o,rillllS (',l'('(/siol' Ll Gill t:i) foulld t h(' SUIllIll('I' 
phhwlll C'nlsitl'd Ill'fol'(' Willll'I', WhPl'l'llS til(' Jail phl()('m sUl'\'iYl'd titl' 
wil1U'l' alld \\'ns ('nlsh('d ill SPI'illg', ..:\lthougit .110 distill('( iOIl hPl \\'('('11 

SlIlIllll('J' :Ind 1':111 phloem (':111 1)(, mud(, ill gll:t,nrl(" :111 :l1I:llo~OllS 
I('III IiOI1 ('xists, 

TIIICK\ESS :\\,1) OI\IPOSI.TIO\ (W BABK 1\ In:L\TIO\ TO 
PEItFOIOIA \CE 

Titl' YOitlll' (' of I'llbl)('r-Ll('al'ill~' lis511(' .in tlr(' st('1II \':lI'i l,s with lhi('k
IIl'SS of bnl'k and loUd slpll' di;lllll'll'I' alld wilh th(, 1)('I'('l'ntage, ('011'

position of I'fly lissu(', s('\('I'('IlC'IrYl1la, :Il1d It('tiy!' phlO1,'m." JII I'apidly 
gl'o\\'ill~ plalltS ).:yil'm dC'\'(,loPIIIt'llt i;; raYon'd, Illit til(' IlPW phloclIl 
ill('I'('llIt'nt is 1101 JI('{'('sslll'ily sm:dl, 50 fhnt thl' qualltil~corh:ll'k li;;sl/(' 
plodtll'('d hy (':Imbi:d :I('li\-ity alld ('XP:IIlSioll ill t11(, old ('Ol'tl'X is 
l'ollsi<i('l.'nblt" A('col'ding to LI()~'d (U), till' qlllllltity d l'uhh('I'-IH'al'illg 
tisslH' fOIIlH'd ill n hl'lllleil of nil il'ri~nt<'d plnllt may he ;)J~ I illll's lhat 
pl'odu('('(1 hy n dl'y-Ialld plnll! of simil:rl agl', 

ij""IIITI~f •• A. n .. nnd ~\llTCII~:I.J .. .J. \r. \IL\Sn{r~~"';~T 0,.. HlIWEH·,·IHlltl'(I:\1. 'T1~:-;('E:-i IS I.{".\\TLK 
:::Tl-~~lS. Pnpf1r pr(,~'wlhld fit til(' \rillh'r B(,~l'IlI'('1t PI·u!!n·...:!-'t1l1d PJllrt~ ConCpf!'fI{'t'. f inu\ult· Prpj"l'L ::lIlinns 
(':lHf,.W·I,I, [l'rorl'%l',Lj , , t 
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'rJlI' ('f)'l'd of dif)'flJ'l'lltill) iJ')'ignlioll on thl' d('nloplI\('llt of Iml'k 
:llld. wood I:; illciiclIt(·d ill lubll' ,,), Til(' mC'lISlIl'('IlH'llt:-;, wh<'thpr mad(' 
('xtl'l'Ilally wil h enlip('l's 01' on eross :5!'ctioJls with 11 micJ'o:;('OPP, 111'1' 1I0t 
too dppt'lIdnbl(', bl'('alls(' of P('(,l'IlITi<'ity of glowth, li'ol' thi", 1'('i1S0U 
thl' figllJ'('s 011 l'ntios of blll'k to wood b}' w('ighl :ll'(' mol'(' ::;igllilieulll. 
Also I difr(,I'(,ll t plants, whil(, hir;illg it si milar gro:-;s w('igh t, Illll," show 
a jJl'('pOlHkmll(,(, of ('ith(,I' {hi('k 01' thill ImllleiH'S, :1 faet thnt Illay he-Ip 
('xplnill til(' smnll xylt'm Hnd phlo(,1lI ['n.dius fOl' plot 2 :15 ('omplIl'I'd 
with plot:l. TIl(' I'Htio:; of bad\: to wo()d by w('ighl :1)'(' ('on:;pi('uously 
ltll'g'P for :111 dr~' plols wit.h tht' ('xc('ptioll of plot I, Thl' ratio for tIl(' 
he'llvily irl'ign.lNI plot 0, whllp IIPgalin ill Ihi:; pUl'lit'lllui' :;ampl!', 
is lIw:llly slightly po:;itino, 

Thll:;, 1I1l1xillllllll pl'l fOl'lIIall('(' ill t('rlllS of POIIIHI,.; of I'lIbl)(,1 P('I'I)('I'(' 
is UI(, I'p,.;u[tlllll or a l:u'gp H 1111 U:1.1 ill(,I'(II1'(,1I1 ill whil'll th(· hUl'k-w(}od 
1':llio 1':\,\'01''; lIw I!HI'I" pl'~)\'idl'd it,; ;:;II'u('lllnd cOIl'p(\,;itioll alld lhl' I'nlt' 
of I'ublwl' ,,\'nll1\'si:; I'('main II 1I:lfl'('('ll'<I , 

'I'll!' mo:';( importalll ;,;lrudlll:l[ \'Hriutioll tlwl uI[nll's('I~' :IIJ'/,(,t,.: 
Inll'k-;:;(onlg(' ('apa('ily I:; 1111 o\'pJ'{i(,\'ploplI'PlIl of ,;('11'1 ('II('l1yn a, TIll' 
f01'1I1 and ,;izl' of 1.11(' gl'oup,; of s('I('I'I'II('lIyma tlt-pelld Oil 11Il' Illotil' of 
~I'owlh of {[u' difT('I'(,lIlialill~ philWll1 pJPllH'llt:;, Thl' bl'ondl'l' til(' 
laJ[~\'lIlinl dinH'IlSioll:; of Ihl' group,; of phlo(11l1 of II gin'll radius, tll\' 
11101'(1 :Ilnpi(' I:; til(' tlalls[o('ntioll :;y::;I(,1I1 alld ('oll('olllitnntly th(· 11101'1' 
f:l\'ol'ahl(' :11(' thl' ('hall!'I'S for rapid gl'Owtil; ('Ollv(,l'st'ly, till' dJ't'(,t of 
:;('qllueiolls ';('[('!'C'IIe-hymn I:; fifOI'(' (/{-PI.'(·ssillg Oil u\'ailubi<- st()rn~l' :;PHl'l', 

'I'll ohtaill lilt' maximulll pl'l'rOIIl1UII(,1' ill {('rills Ilf poulld" of 1'111)),(,1' 

P('I' lICI'(" ('11'01'1 should /)(' IIwd(, 10 /I:IIHII('(' tll(· /)C'IIco£i('iaI ('11'('('( of u 
lnl'g(' phlo(,1lI and :;m:lIl I'II~' ('ompl('nwnt Oil gl'owth agaillst H smHlI 
phloC'm bill [arg(' nt,V ('omplemellt with its [I'SS <,IJ'I'('lin' tnll18lo(,Ht iOIl 
;;;y,;INn hut it:; gJ'(~Hl('r sl.OI'ag(' ll('('omll1otintioll 1'01' l'ubbl'I', 

\\'itll dut' IIllm\'lIll(,(, fol' l'('giol1l11 \';I/'intioll ill S[PIlI {'I'OSS i:wdioll";, 
plHnts of a ginll \'ul'i('ly show little difJ'I'I'l'II('P ill S('I('I'(,II('hYIlIll dl'
V('[OPIll!'1It lI1Id(,,. \,lIr.\'ill~soil-moistur('sl/'('ss (fig, .7i. III plots () :Illd 2, 
lh(,I'(' is H fnirlv bl'oHd bnllrl of ,;e!l'!'l'II('hvlIl:l b('lo", III(' In,;! ('fllHlI 

('x('('pt Uw 1 tllllg!'lil illlly I\\'o oj' tht' ~roup:; oi' llel in' phlo(,1lI Ill'(' bl'lllldl'l' 

ill plot 0, III both plots IInS('('lIt n·sill ('iIlHl[:; mil,\' II(' 5('/'11 lIpnl' lh(' 
('Hm iJi lilli, III plilllts from plnls J IIlld ;~ UH'I'l' is H~ y('l liltl!' :"(')PI'('II
('hYllw bdo", th(, IllS! ('a 1111 I. FOI' :;om .. I'I'IIS0ll, stt'ms fl'OIll plots () 
:lIId 1 W('I'(' \1:11'<1(,1' to ('ut Oil thl' mil'l'otolll(' thaJJ slpms froJll plot:; :; 
n1I1[ +, wh it'h would II rgu(' ill fn ,'or of III ill 11('1' wall;:; or wl'nk('r Iigll ilim: iOIl 
1'01' tll(' Inttl'I" nltholl~h ohS('I'Yiltiolls hy Addi('ott alld BOl'.nhul':H - 011 
g'uuY.lIIl' 1I11l',;pry SI'/'dliugs ill<ii(':)tl' high('" ligllill ti('po:"its for pl:lIlt" 
gl'()will~ undf'1' l-tI'('illl'1' soil-Ill oist II !'I' 81.1'(,SS('S, 

:\0 ('orrdations s<'('m to ('xist bdwI.'('1I IWIT(·lIltlg!.' of I'1Ihl)('r IIl1d 
!'I,lulin' d('\'(,lopnl('lIt of sl'il'J'('lIchYllla ill plilllts of thl' Silll\(' t.YPI' hul 
gl'OWII ill difl'N'('1I1 10(,lIlili(·;:; (Ilg, (j). I'll(' i1Yililnbh, stol'llgl' spa('/' 
1'01' I'Ublwl' npIH'III'S 10 h(' nbollt thl' Sil III (' ill Ih(' difl'Pl'ell1 t,YI)('S of 
JIltlt('!'inl, hul sill('(' the' I'Ilbb('r ('011 t('11 t difl('l's wirld\', tht· slOragl' 
Spllt'(' is olll,\' pnl't1y lItilizl'd ill plllllts Lhllt 111'(' low ill'l'uhh('I', ' 

!.;\nmCOTT. F'. tr•• t\lld B()It~Jln(ST~J. l'IU:J.lM'';',\H\' ~nTt-: os lilt: .\S.\T(HllC\I. t-:."n·:(T-- 01-' .\IOI~Tl'ln: 
~tHI:-:S;-; IS' xntst-:ltY .sct-;IH.ISf.~ (w nt'.\ 'TI,"~. PIlIH,~r prt'~'nh'd nl tlH~ \\-itUl'r Ht'';('UH'h Pro~n'RS nud PlaT!:? 
r·l)nfl~nm(·t·~ OU.1):ult.' Pruitl("l, "~ldilJii~. C'nHf. WH. I Pru{'(':-o:-t l tl.1 
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FJ(:nIE ;'j,~.·1 (frOlIl plot 0), :\"a~{'t'llt rp~ill {'anal" Il('xt (0 (,aJlI\)illlll, /J (frOIll 
plot I), ::,m~ht I.Jllalilily of irfl'~III:lr .:;('l('r()~i" i>plo\\' lit,,! "'j\\, of ,,(':,ill elullll:" 
(' (frolll plot: 2), :\":b('('nt I'('"ill ('all']I,.; elo~(' 10 elun\)illlll; ~('lpl'O,.;j" lIl\lr(' lld
Y1III('pd Ih:III ill n. 1.1 (frolll plot :31; :\":I:'(,{,II( r{,:,jll ('all:rl~ elo~(' III (':,,"\)ill"l; 
,.;('I('I'I)"j,; jllI ('rIllPciiai\' b('(\\'('PII H :lIId (', All -12,7, .\11 1II1111'rilll t:lkl'1l 
O('lo\)pr I 
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F!(ll'ln~ 0," ·.1, SIl'1II ;4l'('fion~ or material low ill 1'\lbbl'I', v 21.5, n, :-51('11\ 
:"PC'1 h)ll or :Juol hl'r bmJJ('h of "lIlJJ!' 1I1nfl'J'i;lL ": 2 1.5. C, "IIl'if'1 j' ·jOli fmlll 
Hill Grlllldl' ('ity. Tex.,llig;h inl'(Ibb('J'. •• ·13. f), \'ariP1Y ii!la rrom Hil) Grand" 
City, hig;h ill rolhl)f't'..• ·13. /':, "aripty ,!on (('(\1111'01 pint. Htatl' ('ollp!{l'i • 
• ·Ia. F, \'Bril·ty ;5\13 «'untTul plul, HWIl' ('uIIlW'J. " ,13. 
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