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Xcocr~t al~atomic.:~l st11i1ic.s of tlre beall 111:iirt ( S )  :ii~d 
nut  g m s s  (1) tre :~ tcd  with growtlr-rcgnlating su11stancc.s 
of the 2,4-D jgrolill (3,4-diclrlorop?1ei1osyacctntc)have 
slro~vii t h a t  thc internal ~nodiiications i n  the  mo~locot :Ire 
closuly si1nil:rr t o  those occurring i n  the dicotylcdorlous 
benil p lan t ;  nncl t11:ct :r monot:ol., \vlriclr from s~~pert ir i : r l  
stncly iniglrt be  rcportcd insc~lsitive or s l ig l~ t ly  scr~si t i re  
because of littlc: 01. no estern:ll cvidciicc ol' oll'ccl ol' t l ~ c  
trc:rtmo~ll;, rr1:ry lbe s ~ r i o ~ l s l ~  i n  intcrnal  structure. :~Eec tcd  
J!ccause of difrcrenee i n  ~~l:tlroci in rlic.otu andof g r o ~ ~ t l t  
monot:ots tile 11istologic~:r~l rr~otlificutions iiaturnilg vary 
sonic~vhat in  ill(: two plants  i n  type :rnd i n  position i11 
the  plniit body, ::~icl tlle es tc : r~~nlfor111 of tlic aucc tcd  
organs i s  rnodiil(5d in  difici,ant ~v:iys. i n  ii~onocots, cs-  
t,crnal s t ruc tnml  ctffcrts 2i.e t~~~ininoii ly Jess evident t l in~r 
in  dicots a i d  inay not he nt :!I1 apparent  if tho 1)l;rilt 
(1ic.s so011 : ~ f t e r  ti~c:ltiiient. i)etniJcd descripliolls a l~ t l  
~)lrntoinicro~;r;~phsof thc: xiin.lomic.al 1r1odific:ctioiis of tbtl 
two plants  undcr tr(>;illne11t :are i n  t l ~ c  papers listed in  
l,he rcft:rcr~ces. I 

'hl both p la l~ ts ,  tlie modific:rtiolrs oeern. ill iminaturc 
tissues, a s  h:rs l o l q  I!IY+II rec:o:;irixcd, or i n  t i s s i~cs  tlial, 
t , l l o ~ ~ g l ~  re-dily especiallyrn:>tnre, becciire mcriste~r~:~tic ,  
the pcriegclc s11:l c:ntloderrr~is. Under both t y p ~ sol' 
growtl~,  prilnury ~ ~ l r l o c m  I n  t l ~ eis  distorted or d(:strogeci. 
n r ~ tgrass, t l ~ c  b i t n d . 1 ~ ~11h:ocln ol' tllr v:~ac~~l:rr  i n  t h e  grow- 
ing 1o:if bases do:^ not  forin or  i s  dnstroyetl :is rc~pl:3ce- 
nicnt tissue forms. 'ill!: xjlt:nl i s  also distoi.t,ed and  i t s  
cwlls filled wit11 p;llianlS substances. v:xacll-'l'li(- riial,~~rt: 
Inr buntllcs in  the  (:orin :ire uninjured. I n  tlie beail Icaf 
:rlso, tbc  plllocin is  distorted or tlestrogeil, and  in  t l ~ c  
young. h e : ~ ~ r  s1o:n the  p r i ~ n n r y  plrloem i s  destroyed and  J I O  

sccoi~dary ph1oc:rn fol.lus. 
111 addition to  vascular distort ioi~ arrci reduction, t ~ x o  

gencr:il types of modific:~tion occur: (1) 'Y1i:it i n  which 
tlic course of cell nild tissne dcvelopmc?nt i s  so cban:;c,-l 
that  the norrrial cells nil11 l i s s u e ~  of the  region a rc  s u p  

l'l'llis gnpcr is br~sril ul3on work (lone for lllr Xioloyicnl 
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plantod I J ~ :I s l~ecial  type of fleshy parenchyma-xvitlr 
cells proportionately large, inore or  less irrcgnlnr ill 
form, strongly v:~cnol:~l.c, wi l l~out  cl~loroplasts, nrrd wit11 
f o ~  This tissne or no ir~tcrccllular sy~aces (Pia.  'IR, D) .  
i s  sl~itwblp ca1li;rl ~~cplne.ernent tissue. (2 )  Tl~tll. in 1vl1ic11 

I 1. Tr;insrcrse sections of 1?orlior1s of l~ornli~l  and 
ti~cntctl Iravt~s ol' nut xrtiss :inti hr:ull pltlnl-. 'I'hc 1rc:llcrl 
~P:IVPS of hoth plit111s S ~ I O Wi ~ ~ ~ r e i i s ~ t lthi<'liness, rep1:1~~111enl 
tissue, :~ntl nhortive vnscr~lar bul~clles. 11,I:, nut Ernas : A. 
11orn1o1lt!;rl' nr:lring n~nl-nrily. sliowing beyinnilips of differ-
rr~li:il-ionof epitlermis, m~stq?lryll, mscul:~r bnntlles, fiber 
s!.rar,tls, nmcl acrtmcllymn : cells Ivitll muclr cytopl;~sm and 
c<ir~spic~~uosnuclei. E, tre;llc(l 1e:il oC :~ l~ont  the salrle stnge 
I I I '  mnl11ri1y :IS ,I, I:~cliin!: norm:ll tliffcrenti:~tion of tissnrs, 
sIion;il~g rcpl:~ccmt'nt tissue will1 c~.lla stronxly vacl~olnte and 
I . ) ( U ~ ~ : I S I I I!;ci:~rty: the v:ls~ulnr buntllrs retliicetl :III(I tlis-
r l C ,  L), I~enm p111rI : C, 11or111:ll iniltllre l t n f  sll~wimy 
tiiIl'o~cnli:~lioninto epirlermis, mcsopl~rll, ;11rc1 smt11l v i ~ s c ~ ~ k r  
I~t~nrllc:~nrsol!hyll wit11 nbnntl:rnt tl~loroplnsts. U, ~r~:ltlrre 
LiTatcd leaf slrolvin~ ~.eplacanent tissllc ~vitlr cells strongly 
\.iicuoInte, \-citllont clrloro!)l:~sts : cytopl;~sln ~ctlnty ; vasciil:~r 
bontlle tlistort~d. 

ilic, lespoirse i s  one nl' l ap id  and  c o i i l r n ~ ~ i n g  prolifcrwtiorr 
of x Ia?er or 1:rgels of cells sonlewhat s i m ~ l n r  to  t h a t  of 
t.:1111binl a c t i ~ r l ?  (F ig .  2B, I)), producing unifonn, thirr- 
i i .~l led p:ircnchyina cl$lls, some of 1vlrlc11 hecoinc richl) 
cyt:al~laslr~lc~,c.losely rcsemblingr ~vomcriqtcin cells, and  

xibe rise to  loot irritinls. I ' ro l~f r ra t ion  froin hot11 vas 
c.111:11* :ind nonraseular tissues i s  frcrliicr~t. in the  young 
Ijcan platit, with the new tissuc,s :3rising cliieily l'rorri v:rs- 
eular d(~riv:rtivc~x.111 thc  rnonot.ot stem, wl~ero tht?rr is  
110 cnmbiulr~, o ~ l l y  periryclie (:rut1 I cndo-o a small e s t c ~ ~ t  
tlerm:~l) tissue. t a l~ t ' s  1):trt in tltc f o r ~ n a t i ~ r l  of 1ie1v tissue. 
P~olif( , r :~t ionin the  d o l r  I I I ~ L ~  along thc. extc.nd mrtmnrd 
leaf tmccs. 
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The first typo of response (rcplaecrncnt tissue formn- 
tion) tnltcs place i11 tlie lcn\er  artd inorphologicnlly simi- 
la1 organs;  lierc incrcasc ill thickness i s  inlnor. Tn t l ~ c  
tlicot, conspicnous distortion of cxtcrnal forin i s  soon 
evident-cxtreme n a r r o n i ~ ~ gof thc  lcaf bladc canscd by 
pcrsistencc of apie:ll ini t ials  and  inhihition of dc\clolr-
rr~crtl of iritervcinal tissue (Fig. 3B) with some increase 
m tliichness of bladc. I n  the  narrow-lcavcd monoeot, ex- 
tcrrial distortion is inconspicuous because there i s  little 
~nlerveinillexpansion 111 irorrrrill orrtogcny, and  with de-
velopmc~lL lrorrl a. b:~s:rl intercalary mc~istcrrr o111y a basal  
transverse svgrr~er~t  (Fig.  3 A ) .of tho leaf i s  affected 

The second t j p c  (proliferation tissrie formation) occurs 
11, steins (also obicrvcd in roots of the  bean plant  a n d  
other dicotv ,and somr monocots) anti commonly resnlts in  
cxtrcnic swcll~n): of the  organ with coinprcss~on and  ru[J 
turc of the  o ~ ~ t c r  tissues, which (lo not tnlie p u t  i n  the  

FLU.2. CI oss sectio~~zil dlagralns of fairly Inaturc eorlrls 
of  nut  grass and y o u ~ ~ p  A. B,nutsterns of tlie bean plant. 
;rass: A, norn11~1corm showing vascular buntlles (bl:~ck) in 
rile central c;lindcr surroundcd by the pericycle and cn-
tlodermis (incliciltcd by circle) and cortes with leaf buses 
,ind joung rhizome t i p ;  R, treated colm showing vascular 
t~undlcs in the central cyliuder as in the nornlnl corm, pro- 
I~lerution of pericycle and endotlrr~nis (indicated by the lined 
.rrea), tlie cortcv somc~vhat crushetl and torn, the epidermis 
cril?turcd, and t l ~ r  surrounding leaf bascs shrunken. C,  D, 
hean plant: C, normal stem showing vascular cylintlcl in 
bl;ick with points or protoxylem extendi~rb: into the pith ; J) .  
lrealecl stem showins pith ant1 protoxylem a'. in the normal 
stem, l?rolifer:~ling tissoe (inclicated by the lined area) ljro- 
flriccd ellicny by the ";i1nl>iurn and its derivnlivcs in place 
of tlormal secolltlnry vnsco1;~r tissue, the cortex somewhat 
crushetl ant1 lorr~,  and the epiAerrr~iu rwptured. 

p~ oli Tei:lt~on. The cortex appnrenlly i s  llttle or not  n t  all 
affected. 

(:ro\rtll of replacement tissue to  inntnritg i s  complctc 
ill a slrort timc, about the  $nine a s  i r ~11orma1 dcvclop- 

FIG. 3. Mxlrr~l nr~d distribution of injnry in l(?nvcs o! 
trentctl monocot arld dicot. II:ltcl~ing intliv:llcs regions nl' 
worst injury ; large clol.~, regions ol' Irss severe injury ; still-
j~ling, regions of; Icast injury ;and white :ln.e:ls, normal parts. 
A, t1iagr:lnr of median 1ongtitndio:il sl.ction o f  l i p  of corrn ant1 
base of leaf fnsciclr of nut gr:iss sho\~~ing golu~gt.st and oldest 
leaves ~rn:ill'~~ctcd 1111!sc the uffrrtetl ( i r r l -und between ones 
r~li~tureut time of I.renlu~cnt). The leaf ii1j111.y is externally 
inconspicrrotls bcc:ruse it occurs or11.y in the bnsnl portion of 
the lcuf. I n  the worsl-all'ccted leaves, all Illree types of 
injury occur in one leaf. (1lorizont:lll.T lirrrd nrca in the 
corn1 indicates the proliferated tissue.) I:. trifoliolate leaves 
111' be:in showing youngest ant1 olilrst uni~ffecte(I, ~ ~ l a n t  
varsi~lg d c ~ r e e s  of injury in lci~vex tit.tv-een tlrc unaffeetetl 
ones. Tlrc inlury in the bent1 ~jlilnt is conspicuous because 
(Ire whole leaf is tlistortcd ant1 nn er~lirc leaf nsnnlly s h o u ~  
onn type of injury. ( A ,  after Eames, nrodified; K, nftcr 
IVntson, modified). 

nicnt; growth of 1)roliPer:itiag tissue may conl,inr~c for  ;I 
long timc. The sarne stimulus, liowevcr, ~>rodrlces both 
types of resl>nrlse, a n d  i s  immediate and  brief;  tlicb~c is 
no  latcr  stimulus withoul further  trca1,rnent. Tho stirnu- 
lus of 2,4-I) t rcat~nerl ts  has been reportcd to  be long- 
coiitiiiuing in rrmny plant s, but  thcsc studies iiidicatr 
t h a t  the reports arc3 hxsed on  false inte171rctation of the  
evidence. Although thc  stirnrllus i s  immucliate and  brief, 
dormttncy of some plants  a f te r  treatment may dclay tlre 
developrnont of the  affeetcd irnmature tissucs o r  organs 
(especially buds i n  woody plants  and embryos i n  seeds) 
and  cxtcn1:il evidence of t h ~ ?  in jury  i s  thus  concealed u n  
ti1 growth i s  rcnewed. Evidence of i r ~ j u r y  appearing irt 

the spring follomir~g t ren t~nent  is  frequent  in mauy 
plants. 

From the  :rn:rtomical study 01 this  monocot and  dicot 
i t  i s  clear that ,  a l l l ~ o n g l ~  in jury  in  the bean plant  i s  f a r  
nlore conspicuous exterrr:rlly than i n  the  n n l  grass (Fig.  

3 )  because of the  difference i n  r r~e t l~od  of growth, t h r  
rr~odifications i n  both moriot.ot, a n d  dicot a re  fund:trno~ 
tsl ly the  same (Fig. 113,D;  Fig.  2i3, T)) . 
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