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DEFECTIVE GRAFT UNION~ 
AND THE PE, 

PUrI10Jng ical lit eral Llrc al) () Llllc1 s witb Ill elll it) 
l ll\'() h 'e morc ur ks:; ill co lllpatibilit y of th c 
sY Jllhi()11 ts. Jll SOlll C' cases there is C() 111pl et( 
111 ot hc rs . gro wth sta rts with some promi sc. 
filla lh' death f() 11 mvs. In still oth er cascs ~ro ' 
;111 il~clefinit e peri od and at lc~ s t qu as i-sY;ll bi 
unlil 1llecha ni cal st ress p roduces a fra cture 
I~ ()t;l ni ('a l relati onship is not an in fallihle has is 
sce ms to he th e (l nly saf e g'uid e, as t() th e suce 
Th rough repcated tria l some cu ri () us i 1 ll'O 1ll pal 
lJC(,(l lllC rcc()g'ni ;:ed , parli cularl y ill th c stOll e fl 

(H her less clearly defln cd cases of apparcll 
si()l1a ll y appcar, () l1 C m all sets g rafts of l.:lm 
c rn S py appl es illt() adjacent trees of () ld cllln 
make g()()d uni ons . while thc C ree ning uni () n ~ 
1 ) and forthw ith he co nclud es that C rccnin g' 
111 a nother o rchard. g ra fts of many \'C1 ri et ies 
to aHord e \'idence of in compatibility betw ecn 
CO lllllllfllis and thi s part icu lar hybrid with P 
huwc\'cr, thesc same co mbin ations appear per j 

Thi s di\' e rs it y of beha\' ior poin ts to factors 
as inAucnci ng th e success of thesc parti cu1ar
- gTaft co mbina tions, Thc present paper dl 
u f occasional. o r falsc, un co ngeniali ty; tru c 
a cO lltrast to th e llcGlsional cases . _\ s founc 
these types o f " un success ful " gTafts . some ( 
and " normal" g rafts seems ach' i ~ahl e , e\ cn at 
already es tah li sh (1. since much of th e puhli 
accessi hle and fittin g new ubse\'\'at i() ns illt () 
des ira bl e than prescnting them as fragmellts, 

LITERATURE RE 

Graft Unions-- l ktai1cd st ucl\ (Ii " , () t111 d 

(l l)\' ious l." impuss ih1e prior tu th e i1l\ cll li()l1 (J 
ti1ll c suhsequcntl y th c lack uf suitalJ1c Icchlli , 
tcrial precluded clusc study. E ,en Duhamel 
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POll1ologica l lit eral ure al)()lllld s with Ill elll i( III () f g l';[ rt C() II Ii )i Il a li()II S whidl 
111\'ol\'C more or less illcompatibility or th e IMrts ci es lill ed t() fUlldiull as 
sYlllhi'Jllts . JIl SOIlI C' cases there is c(J lllpl etc failure to u1lit e (lr tl) gT()\ \ '. 

111 oth ers , growth starts with sO lll e prollli se , hut g raduall y dilllilli shes ;[ llt1 
nllally dea th r()llows. In s till oth er cas s g rowth is reasollahl y \'igmmls r( )r 
an ind efinit e peri od clllcl at le;1sL qUClsi -sy mbi oti l' relati()llship Illay l'Illlti llll C 
ulltil mec hani cal st ress produccs a fracture whi ch rc \'cals a raulty Uni(ll !. 
I) otani ca l relatioll ship is not an in fallib le hasis ror prccii d i()ll , a lld e:\ IJcricnce 
seems to he th c olll y sa fe !~' uid e, as to th e success or a prop()sed c() ll1iJina ti(l1l. 
Through repeatcd trial S()11le curious inco mpatihilities het ween \'ari cL ies ha\'e 
bec()lllc rCl'Ilgni ;.-:ed , parti cularly ill th e s ton e rruits ( 15, 17). 

(H her less clear ly derJll cd cases or apparcnt \'ar-ietal ill c()ll1patiiJilit\, uu :a
si()na ll yappear, () Il e ma ll sets gTafts ()r l\il()c1 e Island Creellill g' and N(l rtil 
ern Spy appl es illt() adjaccnt trees ()r () ld eniJurg ( Duchess) ; th e Spy gTart :.; 
mak e good ulli oll S, while the Creenillg uni()Il S arc \'e ry llll sati s ral'l(lry ( I<ig', 
l ) and forthwith he conclud es that Creclling is un coll gcllial with ()ldcllllllrg'. 
111 another orchard. g rafts o f many \',a ri eties on Ki effer ( Fig. 2) see lll al l 
to affo rd e\' idence o( in co mpatibility between the stand ard\ ar ieti es ()r / ),vI' II S 

(o l/lIIl11l1is and this parti cul a r bybrid with r. srrotiJl(/. ] 11 () ther orchards. 
howe\'er, these sam e co mhin a tions appea r perfec tl y conge nia l. 

Thi s di\' ersit,\' of heha\'ior point s to factors othe r than purely physi(i1(lg ical 
as inAuencing the success 0 ( these particular- and , in fcr entiall y, llla ny ()l her 
- graft combination s. The present paper deals prinnrily with th ese cases 
uf occas ional. or false, un co ngeniality; [rue l1n congeniality is presentecl as 
a contrast to th e occas ional cases . /\ s (oundatiun for an ulld erstandillg (If 
these types 0 f " un success r ul" g r.a rts. some co nsiderat ion () r wound heal i Il g 

and "normal" grafts seems acl\ 'i:-:ahl e, e \'en at th e ri sk ()f repct iti oll of fad s 
ah'eacl,\' establi shed, since much () r th e published in f()rmation is rather ill
access iiJle and I-itting new uiJse nation s into a cullected whule seems mure 
desira lJle thall present ing them as rragments. 

LITERATURE REVIEW 

Graft Unions- Iktailcd s t\1dy or \\ '()\1IH I healin g alld .~Talt l111i()II S \\;l ', 

()1)\'iol1 sly imposs ihl c prior to the ill\ 'C llti o ll ()f the minosco pe and f()r S() Ill C 

tim e suiJsequently th c lack () r suitahl e tec hnique f()r th e preparati() n () r Illa
terial precluded cluse study. E\'Cll Duhamel seems tu ha\'e uased his s tudy 
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(10) on obsen 'ati ons made with no g reater aid than that o[ a maglli fyill g 
g lass. Despit e thi s limitati on he was abl e to outline in a general way some 
of the processes i1l\'ol\ 'ecl : in particular, he stated that uniun occurred only 
in ti ssues for med subsequ ent to g rafting and he noted the ex tensi\ 'e de\'elop
ment of callus ti ss ll e filling the \'ac<lnc ies incidcnt to g rafting and connecting 
stock and cion. Th ere is. perhaps, some significance in hi s considerati on of 
g raf ting iml11edia tely after hi s extensi\'e disCll ssion of wound healing, on 

Fig. 1-A case s ll s pec t ed ol ll llCO \l ge niality . Rh o d e I s la \ld C r een 
iJ1 g o n O ld e llbll 1'i~ (J) u c h ess). Oth er pictures of t hi s spec ime n a r c: 
s h o wn ill F ig ures 81 a J1d 8.2. 

whi ch he reported ex pcrimental wurk , aimed principal ly Lll enable him Lo 
decide between the \·iews o[ 1\1 alpighi a11d those of Crew on t he formatioll 
of wood. \\'it.hout a comprehell sion ()f camhiulll, hi s und ersLanding of g raft 
ulli()n s was naturall y limit ed. I) e C lndollc. with thi s comprehcnsion, was 
hell er abl e t.o und ersi; lnd the nature o f the ulli on alld to adduce reasons for 
hi s reco1ll111cndati o11 agai nst the ill clu sioll of w()od ill hark sbi elds used ill 
hudding (3). 

Tbe nex t signifI cant sLep ill ill\'CsLi gati oll of graft Llui ollS seems to have 

DEFE CTIVE GRAfT t: ilOi\ S 11\ Tl 

been taken by CoepperL (1.2), about a ( 
he es tabli shed the ex istcnce () f a parench 
cion. appearing t() th e naked cr c as a "th 
in t l; e material he examined ' ( in te rspec i 
the fir st anllual rin g'. ()nly in thc seco nd 
camil ium cU lltinuih', and traccs of uni on 
ti o!ls l()ng after thc\' hac! hecl) mc incli s 
parcnchymat() us co nn-ccting tissuc he clesig 
U!l account buth of its nature and its posit 

Fig. 2- A case s ll spec ted of UI 

l\e li s o n J(ieffer . j\ sec ti on of 
is s h o w11 in Figure 78. 

range of Li ssue \"ariatiull:i. J li s wurk de 
unions , il:cluclil:g the natural g raft. 

() ther 111 \'es tlgators contributed \'arious 
parenchyma to ari se from th e s\'1cm ra\'s . 
solely fron: the cambium ; Sor:ll1er (,fS) 
from .an)' t l ss ~l e capable of forming it cou: 
t.hat, 111 bucldlllg, uni on is through pare1l( 
Irom the wooel surface of the stock amI 
(cClmhium ) o f t.h e stock. Jl e also sllm\'cd 
tact of cambium layCl"S is not cssential: tlla 
IHit that contact o-f cCl miJiulll -dcri H'd cl iit 
made (34) a usef ul classiiicati un o[ the 1 
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been taken by Goeppcr t (12), ahout a century af ter Duhamel. In 1841. 
he established the ex istence of a parenchymatous union between ,tock and 
cion. appeari ng to th e naked eye as a " thin g reeni sh st ripe" and per. istin g, 
ill the materia l bc e."amined ( in te rspec if-i c g raf ts of Sorbus) throughout 
th e first allnual rin g. () nl y in th e sel'ond year \vas union completed t hrough 
cambiu111 continui ty, and traces 0 f uni on tiss lle pers isted in tan gentia l sec
tions long after they had beco1lle indi st ingui shable in trans \'erse. T he 
parellchymatous con nect in g tissue he designated as "intermediary cell tissue," 
un account both of its nature and its position; thi s term co \' ered a yery wide 

Fig. 2- /\' case suspe clecl of ul1 co ll genia li ty. \Vinler 
Ie li s on K ie lT er. A se ' li o n of t he graft o n the right 

is Sh OWI1 in Figure 78. 

rallge u f tissue Yariat io11 :;. J I is work clcsnilJes a 11umber of kinds of 
unions, including the natural g ra ft. 

Other ilwes ti ga tors contributed Yari Oll S items. Goeppert had considereu 
parenchyma to arise from the ~y1c 1l1 rays while others considered it to arise 
sulel y fr0111 the cambium : So rau er (35) showed t hat parenchyma aris ing 
fr0 111 any tiss ue capabl e of for ming it could assist in establishing union and 
that, in budding. union is through pare ll chyma c1 eri\'ed from the shi eld. 
fr0 111 th e wood su rface o f th e stock and fro111 th e in side of the ha rk 
(cambium ) o f the stock. J Ie also sh()wed that in sett ing g rafts actual con
tact of cambiulll laye rs is n() L cssc 11ti a l : that it is, ill practi ce, rarcl.\' ach ieved, 
!Jut that contact of ca ll1 1J iulll -c! cri\TcI ca llus is im p()rtant. 1n add ition, he 
made (34) a useful classill cat iul1 of the yariu us kinds uf g rafts intu three 
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g roup~ . ha~cd on tlte mcth ()d of esta hli shillg uni ()n: th esc arc ( a ) tlte a rafts 
in whi ch uni on is es tabli shed by surface l'() lltad. as in buddillg . ( I;) th e 
graft~ proper , in whi ch co nt act is throug h un io n of callus proceedillg fro m 
cut cambium edges and (c ) ;111 illter lllcdiate g roup, r epresented hy hark 
g ra f,ts, in .which uni on is es tah li shed het wee n a cut camhium edge and a 
men stematlc surface, :\ ccu1l1ulati on of anato mi cal kn owlcdo'e enabl ed 
. o rauer to a\'o id man y mista kes hi s predecessors in thi s fi eld ~lnd made , 

O hma11n (29) di\'id ec! th e uni on processes into two stages , the seco nc1ar\' 
beginning when th e cambi ums ha\'(: estahli shed uni on a nd \'ascul ar co nn e:-, 
~i o n , 1 n ear li er s t ;~ gcs, g rouped as pr ima r:'. he repor ted t racheic1 s appear ing 
In th e callus . nrY 11l g with spec ies, age of cion and kind of g raft, hut a p
parentl y in pl'Oporti on to th e need, li e ol)ser\'ecl co nsiderable g rowth ;n 
cions hefore ca ll1biu111 cont act was compl cte. indi cating at least a fa ir 1.1l10t1nt 
o f co ndu ction throug h pa renchymat()u s t iss ue, Th e ca llus tracll eid -li ke cell s 
in g raft unions arc less nUlll erous in wood,\' t hall in herbaceous plants. ap
pa rentl y hecause camhium uni on is esta hli shed relati\ 'Ch ' ear li e r ;n t he wood \' 
plants, O hmann utili 7.cd g li cli J,g gr()w~ h to ex plai!~ tIl(' u;li on of calli : 
wh en calli o f cO lllpl etely un conge ni al plan ts meet . he report ed . perid erm 
de\' eloping in the callus closes a ll cOl1lllluni cat ion hehveen stock and cion, 
rn li ne with mos t ill\'est igators . O hmann fo und the cambium w ne to h(; 
th e orig in of practica ll )' a ll callu s g rowth assumin g impo rtan ce in graf t 
uni ons , ] re was unahl e to ohsrr\ 'e act ua l uni on of cc,mhiu1l1 b\'ers. hut in 
one or two cases hel ie \'Cd he could id cntif \' , throug-h sli g'ht1\' d iffe rcnt staill 
ing react ions . adja ce nt ce ll s proceedin g , o l~ e fro 111 < th e sLoc1; . th e oth er fro111 
th e cio n, 'Th e uni on. he ill fe lTed. is not a st rai g- ht line hut mo re o r Jess 
"7. ig-7.ag ," with 111u ch interlocking', In g rafh, t houg'h not in 11l1d -tllli o ll s. 
tIlt' primary w()und ti ss ue di es and heco mes di sc() lored a fter secondary uni oll 
i ~ es tahli shed,: he stated de finit ely that he had sec n no e \'ic!cnce o f reahso rp
tl on o f all\' tissue, () h111 ann n()ted th e ini t ia l \'ascular parenchyma elements 
and co nsidered th eir trans \'(']'se coursc to hc due , no t to spec ifi c differences 
or to polarih' inAu cnces hut rath e r to 111eclunica l inAuences . particular!\' 
the pressu re induced hy int ru sion () f cal lus het ween stock and c i on,wedgin ~; 
them a part, O n th e mu ch di sc ussed qu es ti on as to wheth er the cambiu111 
remain s on th e wood surface or goes "" ith t he hark. w hen it is rai sec1, O hmann 
decided that in th e g reat prepond eran ce of cases th e camhium ad heres to th e 
hark anc1 that . wh en it fa ils to do thi s , hudding heco mes un success ful. 'li e 
repo rted that approach gr a ft uni ons unit e more rapidl y wh en one 0 f t he 
s\'mhi onts is cut l()ose from its rooh and ll e call ed attention to t he fact t hat 
sj)li ce gra ft s in whi ch a long d iagonal cut ( \'ery acute ang le) is empl oye c1 
heal no more readil y than th ose with a short cu t ( wider a ngle) . in the p ri 
mary ( parenchymatous) stelge . 11l1t g row mu ch more rapid ly in t he secondary 
stage because of th e ,QTe<lter extent of ca llu s in v,lhi ch more \'ascul ar con
nect ions can he form ed , \\'hen thi s lin e is reduced to a minimum, hy join
ing two square-cut end s, g rowth is \'e ry slow, 

-II erse ( 1 R) . stud ying principall,\' t he spl ice g ra ft. ~tated in g reaL detail the 
processes im'oh 'ed in th e es tah lishment of g ra ft uni ons in th e apple, In 
adcli ti(,)11 he reported ~h c changes occurrin g in the "ori g ina l" t iss ues of s tock 
and Cion after g ra ft Ing , such as wm111d -gu111 deposits, as menti oned late r, 
Unlike o th er reports on g raf t uni ons . hi s goes int () consid erahle deta il on 
chan ges in th e hark, I )erid crm for m;J( ion generall y cut s off th e oute r por
ti ons ex posed in wo ul l( ling, tl w l1.g'h ill fa\ '()rah le cases ca llu s g row th pro ~'Cec1s 

and th e cells cl eri\ 'C cl frum IJa st uf ciun alld uf stuck may lll ce t with 11 U 

D EFECTIVE GRAFT L 1\IONS T1\ TTl 

periderm in tel'\'(' ning , TT e agrecsv\'ith \ 
melltal c1iFfere ncc ex ish hetween WO l1lld co 

11 erse was ahle to fo ll ov\' camhiulll gro 
ohser ve its unioll. uncl er fau)ralJlc co nd it iol 
th e O' rafts were set. :\t thi s stage camiJ iull 
than no rmal and were foll owing a dist in ctl) 
ab le co nditi ons th e ca mbiu11l o\'er the uni01: 
in A ugust foll owi ng g raft ing in ,,\1 arch, 
wood elements in the wound 7.011 C is the san 
tions "ary, howe \'er , normal relati onshi ps I 
near the middle o f the diago nal cut used in 
or lower encl. where di sturhan ce \,\' as 1111 

proclucts arc o ft en purely parench ymatous: 
tracheae of \'ari ous s i7.es whi ch tend to iOI 
toge ther, The wood parenchyma and \-a: 
ab normal wiclth of th e Y(lscul a r ray s SOO1l ( 
o [ r eturn to 11 0rmal wooel , th e typ~ C(tI perl'! 
is res tored before the normal 1c::ngth () i the 

D efecti\'e uni ons caused byimperiect f 
spli ce grafts and in the goat's fool g rait. rc 
In particular, he d irec ts atten ti on tu th e el i, 
fai lure to es tab li sh contact at the rim () f 
coun ts of uni on t hroug h shi eld buds are tl 

The ex istence 0 f protoplas mi c tie:-i bet \ 
ori g in has bee n rather widely as:-i ul11 cd, \ ' 
was ab le to es tablish thc ex istence in bee 
th e wall s o f adj acent cells , one o i \,\'hi ch pr 
from th e cion, St rasburge r ( 3(») mad e s 
te rspecific g rafts in herbace()us plan ts, II , 
culti es of a tec hn ical nature, to ohtai n dclin 
uni ons, The prevalent diHi cult \' is th e de 
ce ll s at the uni on as proceeding'from stock 
was un able to surmoun t this ohstacle, hut 
tinuity between ce ll s unqu est i() nab ly oi ci() n 
orig in to t hose unquest ionahly ori g in ating i 

\ \ ' a u gh (-l-..?) r eported the cx istcnc l' () 
horder between Cla irgea u pear ane! ql1 ince 
cha ni call y weak and is ge nera ll y recugllize 
tin ctl y un congenial. ll e v\'Cls unahle t() li ll 
ship had any materi al e rreet ill prod ucing 
cio n once s tarted to g row, 

I )roe llsting (30) cal leel ~~~lc nti ()n t() th e i 
inte rspec ific gra it s in I)yru s and th e suiJS( 
thi s union: thi s is prese1lted in greater de 
paper read at th e Nasll\'ill c meet ing ()j th( 
lural Sc ience ( 1 9,Z7) ane! sul JSequcntl y pul 
p revalence of parenchymatous ti ssuc in 
g raft s o f Pnl1lus , a lld th e marked scarci 
a reas, 

Wounds- ln t1 ic closely rc>bt cd 1ll aLt 
indepe nd en t: ()f g rafti ng' iJut help fu l t() ~ 
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peridrrlll intcn'cnin g, TTc :lgrccs w ith \ I:lssart that' no import:lllt fl1nda
mental eli fr e re nce e:--.: ish het ween wound co rk and callu s. 

Herse was able to fol lo w camhiul1l gT()wth from s tock a nd cion and to 
obser ve its union, under fa\ '() rahle co ndition s, so nl e ten or c leven w eeks after 
the grafts were set. j \t thi s stage cambium elem ents wer e some\ ~ha t sh orte r 
than normal a nd were followin g a di st in ct ly diagonal direction ; under favor
ab le conditions the cambium o \'e r the uni on zon e sh ow s a rather even course 
in A ugust fo llowing gra ftin g in ::\1 arch. The o rder of reappearance of 
wood elements in the wound zone is the sam e as in ordinarv wo unds . Condi 
tions vary, howe \'e r , normal re lat ionships being r esto red 1~1llch m ore rapidly 
near the middl e of the diagonal cut used in splice g rafting than at the uppe r 
or lower end, whe re di sturban ce was mu ch g reate r . The first cambium 
products are often purely parenchymatous: next arise sh ort, various-formed 
tracheae 0 f \'arious s izes which tend t() form stra nd s and tie stock and c ion 
together. The wood parenchyma and \'ascular r ay cell s separate and the 
abn ormal width of the yascular r ays s()o n di sappear s . [n the further stages 
o( return to no rmal wood , th e typical pe rcentage re lation ships of the t issu es 
is restored before the normal length uf t he eleme nts is attained. 

DefectiYe unions cau sed by imperfect fitting o f s tock a nd c ion , both in 
splice grafts and in the goat's foo t g raft , recei\'e som e attention from H erse. 
In particular, h e directs attention t o the di ehack o f the stock resulting from 
fai lu re to es tabli sh contact at th e rim of the stub. The m os t d etail ed ac
counts of uni on through shi eld hud s are those of So rau er and Ohmann. 

The existence of protoplasmic ties hetween adjacent cells of diffe r ent 
ori gin has been rather wiele ly assumed. Vi)chting, as cited by H e rse ( 18), 
was ab le to establi sh the ex is tence in hee t g rafts o i corres ponding pits in 
the walls of adjacent ce ll s, on e of which proceeded fr um th e stock, the o ther 
from the ciun . Strashurge r (36) mad e s imilar ohsenation s in several in 
terspec ifi c grafts in herbaceous pla n ts. II erse was unabl e, hecause of cliHl 
eulti es o f a techni cal nature, to obtain d e finit e e \' ic1 ence on thi s point in apple 
uni ons. The prevalen t clifll cult y is th e d ef-Inite id entifl cat ion of individual 
cell s at th e uni on as proceeding frum stock or from cion: J. \V . Bailey ( 1) 
was un ab le to surmount thi s obstacle, hu t dem onst ra ted protoplasmi c CO I1 -

tinuity between ce ll s unqu est ionahl y of cion or ig in, through those of duubtful 
origin to t hose unques tionah ly o riginating from th e stock. 

VV a u g h (-1--2) r e port ed th e ex is tence ()i parenchymatou s tissu e at th e 
border between Clairgeau pear a 11(1 quin ce stocks , a union which was m e
chani call y weak and is generally recogni l:ecl in [ ~ur()pea n literature as dis 
tinctly un congenial. li e was unahle to Illld e\' id ence that faulty wo rkman 
ship had any mate rial eff ect in pmclucing un co ngenial uni ons, provid ed the 
cioll once s tartecl to grow. 

ProelJstin g (30) call ed ~t tcnt i ()n t() th e in itial su ccess attend in g nume rou s 
interspec ifi c g rafts ill I)y ru s and th e subsequ ellt breakdown of cambium in 
thi s union: thi s is presented in greater detail on a subsequent page. In a 
paper read at the Nasll\'ill e mee ting of the Am eri can Society for HortiClll 
tural Sci ence (19.27) and subsequ elltl y puh li shed ( 31) he d em o nstrated the 
prevalence of parenchymatous ti ss ue in the uni on zone of uncongenial 
grafts of Pnlllus, and the marked sca rc ity uf condu cti\'e ti ssu e in these 
a reas . 

Wounds- l n tli e close l\' rc 1a t ed 111 a tter 0 [ ge n e ral wound r eact ion.:), 
ind ependent of g raftin g- h-ut helpful to a n und erstanding o[ the process, 
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numerous r eports arc il\'aibhk. These c1 eill with the ti ss l1 es covering the 
w ound, with th e ti ssues adjace nt to th e wound, o r with hoth . 

The long seri es may , pe rhaps , be said to beg in w ith the ingeni ou s work 
o f Duhamel ( 10) , fullowed hy that of I,nig ht, l\Teyens, J larti g and Trentl 
(3 5) . 1\1 ost o [ these wn ce rn prin cipall y th e ti ssues cO\'ering the wound 
area . On the o th er hanel , d e Vri es ( 40, 4] ) ilwes tigated chi e Ry the r eactions 
o f ti ssu es aeljacent to w()unel s ; so d etailed and comprehensive was hi s work 
that subsequent im'es ti g<l tion is alm()s t necessaril y hased on it. Though 
he made no m enti oll , in t hese p::tpers, of g ra ft uni ons, much o f hi s findings 
can be appli ed very profitably to a s tucl y o f these structures , aidin g ma
t eriall y in interpreta ti on () E conditi ons f() und there. 

D e Vri es di\·jded the w{)od adjacent to wounds m 8. d e hy h:1rk r emoval 
into fi ve zones, based on di s tance f rom the w ound in space o r time, and 
showed di stinct ti ss ue characteri s ti cs fo r each ; these range fr om th e di stant 
zone ( 2 to 7 cm .) in whi ch ce ll leng th is un changed and on ly directio n and 
relative proportioJl s o f e lem ents are a ltered , throug h vari ous s tages o f in 
creasingly shorter cell ed secondary w ound w ood to the isodiametri c primary 
wound wood ari s ing adj acent to the injured area immediately after the 
wounding. The ex tent a nd r elati\'e propo rti on o f these vari es with the 
type o f w ound (tran s \'er se, long itudinal, etc.) . Pred ominantly long itudinal 
wounds, o r the long itudinal edges o f \'ari ous wounds, occasion less di s~ 
turhan ce than pred ominantly tran s \'er se wounc! s o r the tran s verse edg es of 
va ri ous wound s. J n th e w oocl cm 'e rin g t he a ctual w ound th e same zones 
occur, thoug h na tura lly th ey are less apparent in sec ti ons because o f the 
tle ry r ounded nature of th e suriaces on whi ch th ey occur . Jnitial wound 
reacti ons w ere f ouncl to he th e sa1l1 e on th e uppcr and the lower edges of 
ring-wound s. ]\ Iu ch of thi s \·vo rk was cl () nc in C aro.r/ullo (frb or ('s[(, ll s) thoug h 
it s genera l appli cahility w as d eter1l1in ed in a hout 50 spec ies o f trees a nd 
shrubs . 

l\fi'I ul e (26 ) , in t hc course 0 [ im'es ti gat ion s ampli fyin g V()chting 's work 
on polarity , s tudi ed th c ti ss ucs c()\ 'c rin g th c w ound, whi ch had heen rath er 
neg lected by de V ri es. Tn three-years-o ld twigs o f A bics [c jJlw/o llicu 
( Loud. ) he f ound conditi ons adjace nt to th e wound much as those d esc ribed 
by de Vri es ; trans iti ons are in some cases ve ry ahrupt ; so sharp are they, 
in fa ct, that one cell ma,' be trach eid ahm'c and w ood parench yma below. 
]\ 1 ~ 'lUl e considered tha t , il{ di cotyledonons plants , wound w ood proceed s o nl y 
from cambium and its still undiffcrentiated d erivati" es, being thus 111 0 re re 
s tri cted than in coni fcr s. Parcnchymatou s ti ssue develops mu ch m o re free ly 
in species ri chl y suppli cd with vascular rays . J re questi oned the e ffi cacy o f 
tyluses as protecto rs o f wound cd wood and attrihuted g reater po tency in thi s 
r espec t to wound O' U111. )\mong fa cto rs determining the direction o f the 
fib ers in w ood fo rmed afte r woundin g , ]\ Iiiule cons idered polarity pre
dominant , thoug h na tura ll y its eff ects arc less obvi ous in wound h ealing than 
in V 6chting 's tra nspl a nta ti ons. Thc formati on o f knurls is explained on 
thi s basis ; th ey are noted to di sappear as th c w ood resum es a de finite unifl ed 
long i tud i nal eli rccLi on. 

]n 1914, N eeH ( .28 ) amplifi ed ane! ex tended the work o f d e Vri es on 
changes of ori entatiun in ti ssnes adjacc nt to wounds . \Vorkin g principally 
on Tilia, hut corrohorati ng hi s fi ndi ngs with observati ons on several o th er 
trees, he cut off ("decapita ted" ) the main shoot at various distan ces above an 
important lateral, a nd in serial tan gential sccti on s f ollo wed the chang es 
in indivielual camhium elcmcnts and th eir woody d eri vati ves; equall y d e-
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t a iled s tudy of thc bas t was not prac ti ca bl( 
chan gcs in thi s ti ssue was es tabli shed . 

R eorientati o n 0 f ti ssuc 0 11 th c decapitat ed 
in the neig hborh oo c1 o f thc latcral hran ch (l 

posite thi s bran ch . Iis rapidity va ri es with 
the process is parti cularly rapid in plan ts J 

final r eadjustment heing attain ed in many 
proportion hetween the d ecapit a ted main S 
Auential, a s is th e dista nce o f th e dcc'api tat 
the lateral. In som c cases , turning of 180 0 v 
t o points 7 cm. below the in se rtio n o f the I 

As d etail ed by Neeff , the turning of ca ml' 
"crse di vis ion , som etim es as mam' as sc\'cn c 
elem ent. Thus di vidcd. th e pa-r t-cclls arc 
fro m th e vascul a r ray cell s lying hetween th 
sented below a tra nS\'er se wound . The p; 
na ture , becoming r ound ed. anc1 the.\· appea r 
c1 c \'e lopnlent is p roceedin g there is more () 
overl a pping , t he pa rt-cell s ac tua]]y 1ll()\'illg 
contac t with pa rt-cell s d cri\'cd fr01ll (l th er 
part -cells becom e poin tcd again, the f() rm( 
m O\·in g in oppos ite directi ons and th e p() in t 
tio n of t he lateral bra nch , hu t 1110rc or Ie 
/\t thi s t ime m ore or less g liding gro wth (l( 

secs th e effcct of po l ;Hit~r at thi s s tage. EI 
m cnt 0 [ points compc ls th c ncw eleme1l ts t( 
an othe r rath er cons ic1 e rabl e r earrang'e 11l ellt () 
so mc push throug h th c initi a ls 0 f th e vaSC L1 
ti nu es , numbe rs must obvi ousl v he rcducel 
pu shin g of scattercd indi"idua( part -cell s 0 1 

outward or inward . \Vith a tta inm ent of or 
no rmal conditi ons a re S OO I1 r es tored . 

Tn general , thc f o rm a nd pos iti on of 11' 
detc rmin ed in th e cambium ; most ()f the t 
thi s ti ssu e. T here a rc , bowc\'e r . S() 11l C 11' 
partl y differe nti a ted at th e timc o f wound ing 
those whi ch w erc ca mbium initial s at th e t i 
1\ ft e r th e new directi on is es tahli shed. \'es 
s horter and fin all y longer fibers. In many 
surely poss ible that ce lls with compl eted. i. 
locally t o g row in s l1rface a nd length and tl 
of t he elem ents OCC ll rs beyond th e mcri stem. ' · 

Concerning ring w ounds. So rauer (35) ~ 
s tudi es a nd added much f rom h is OW 1l W() r1 
h as a lread y bcen m enti()n ed . ]n recent \'ea 
th esc wou~lds , callin g attention to th c t'wo, 
affcct ing, through w ound g um dcposits, Ul 
t rCln slocati on . Swarbri ck r eports 11l0s t o f t l 
to l)e d eri \'ed , when th c w ound s a rc protccl( 

Wound Gum- Pro vis iu il fu r \\'()\I1 lC l cl( 
or less independ ent 0 f the cO \'ering uy new t 
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tai led s tudy of the bast was no t practi cabl e, but the general agreement of 
changes in thi s ti ssue was estal)li shed . 

R eori enta ti o n o f ti ss lle on the d ecapitat ed trunk was f outl d to begi n fir s t 
in the neig hborhood of the lateral hranch a1ld to begin last on the s ide o p
posite this branch. Its rapidity var ies with s pecies and with other fac tors; 
the process is part icula rly ra pid in plants makin g st rong diam eter growth, 
llnal r eadjustment being attai ned in m a ny cases in one summer: the size 
proportion between the decapitated main shoot and th e late ral is also in
fluential , as is th e di sta nce of the decapitation point f rom the inse r t ion of 
the latera l. In som e cases, turnin g of H~O ° was obse n ·ed. Changes extended 
to points 7 cm . below the in sertio n () f th e lateral. 

As detail ed by Neeff, the turning o f ca mbium eleme nts heg ins with trans
I'erse di vision , som etim es as man y as se \'en cross walls cle\'elopin g: in a s ingl e 
element. Thu s divid ed. the pa r t-ce ll s a re no lo nge r to he di st in guished 
from t he vascu lar ray cells lyi ng hetween th em. T hi s s tage is like that pre
sented below a t ra nS\'e r se wound. The pa r t-ce ll s now lose t hei l' a ng ular 
nature, becoming rou1ld ed , a nd the,\' appcar as indi\'idllal uni ts: whil e thi s 
ci evelopment is proceedin g' the re is lll nre o r less c ro wdin g, pushing a 1l d 
overlapping, the part-cell s ac tua lly 1ll()\'in g 1l1orc or less and estahli shin g 
contact with part-cell s deri vcd f ro 111 oth er elem cnt s . Nex t , th e indi vidua l 
part-cell s become pointed again , th e form cr cross amI long itudinal wall s 
1110\·ing in oppos ite d irecti o ns a nd th e pointing is n ow in the genera l direc
tion of the lateral branch, hu t more ()r less influenced by adjacen t ce lls. 
At thi s time m ore o r less g lidin g g rowth ()ccu rs, a nd Nee rr, like Voch tin g. 
sees the effect of polar ity at thi s s tage. E I() ngati on fo llowing the develop
ment of points compe ls th e new elem ents t o push be tw een othe rs, indu cin g 
another rath er co nsid e rab le r earrangement of part-cell s of different o rig in s; 
some push throug h the initial s of the vasc ul ar rays. ,I\ S s i;:e in cr ease co n
tinues, numbe rs must ohviou sly he reduced; this is accompli sh ed hy the 
pushing of scatte red indi ~vidual part-cell s out of the ra nk of mother cell s. 
outward or inward . \Vith attainment o f original s ize hy the n ew elem ents, 
11 0rmal conditi ons a re soon restored. 

In general, t he for m a nd pos iti on of the. wood and hast elem ents a re 
determin ed in th e cambium : m ost of the turnin g, consequentl y. occurs in 
thi s ti ssue. T here a re, bowe\·c r. som e modifi ca tion s. \ \foody elements 
partl y differe ntiated at t he timc o f woundi ng simpl y become parencb ymatou . . 
those whi ch w ere ca mbium initial s at the t ime of w ounding are r eoriented. 
A fter the new direct io l1 is es tah l ishe.d. vessels and t r acheids a ppear. then 
shorter and fina ll y long-er fibe rs. In m a ny cases, the a uth or sta tes, " it is 
surely possible that cells with compl eted, i. e., li g nifi ed , wall. s till continue 
locally t o g row in s1Irface a nd length a nd th a t thus the independent g rowth 
o f the elemen ts occu rs be' -O ll d the m er i s tem. " 

Concern ing ring wound s, Sorauer (35) g',we an extensi\-e li st of ea rli er 
studies and added much £ronl hi s own work. The work d()ne hy d e Vries 
has already been m cntion ed. In r ecen t yea rs, Swarb rick (38) has s tudi ed 
these wounds, callin g a ttention to th e two-fold act ion of this process, in 
affecting, through w ound g um deposits, upward , as w ell as downward, 
translocati on. S warhri ck r eports mos t o f the callu s cover in g these wounds 
to IJe deri ved, when the w ounds are protected, from the phloem. 

Wound Gum- Pro vis ion for \ \'( )111l(1 c l() s ill g il l c:-: p() sed ti ss ll es, m ore 
or less independent of the cO\'er ing by new ti ssue, has been noted by numer-
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Olt S il1\·es ligalo rs. The I11 (JS t c(\ mprchell si\'c w\lrk has bec n t h;=tt o f }J crse 
( 18). R c\'ie\,..,i ng in dctCl.il the worl , d()n e hy earli cr im'cst igat()rs, he re
ported substanti al ag rcc111 ent on the cx istence at th e wound surf ace of ce ll s 
which die rapidly without matcrial 1l1 ()difl cat i()n, and l)elow that a zo ne in 
which all wood elements. hut particularly the \'Cssels. are fill ed with a yel low 
or brown substance, desig1latcd as "wound gum," There was less agrec
ment on the chemi cal nature of thi s suhstance. but substantial un animi tv 
on its being a secretion fro1l1 li\ 'ing plasmCl. rat her than a product of cell wafl 
disinteg ration: starch was considered to play an important part in its forma
tion . Divergcnt \' iews had hec n ad\'c111 cec1 as t() its m ig in , hoth in 111a1lner a nd 
in place, Protection o f \,vounc1 s by gTaftillg Vlax , and like substan ces, wa:; 
said to reduce the ex tent of gum format ion, 

ll erse used , as th e 111ateria l for hi s s tudi es, chi e fl y spli ce g rafts ()f apples. 
in whi ch, since gum formatio1l was mu ch reduced . he was able to s tudv it s 
progress very advantageously. I rc c(l lll'lud ed that th :.' basic suhstCl.nce (;rig i
nates in th e parenchyma elemc1lt s , diffu ses to th e ot her elements ami is there 
deposited as g U111 ami that its appeara1l ce as g U111 in th e parenchyma e1c , 
~ll e nts is to he r q~'arded ()n ly as a final and relati\'e ly rare stage . Its deposit 
In the \' essels and t racheid s is 11l ~ llli fes tly a prntecti()n ;lgai nst water loss 
~l1d agai nst fun gus im'asioll. Th e prc\a1cnt clos ing ()f parenchyma cell s 
In unprotected wood is throu g h "the pt'm'iding ()[ th e ce ll IU111in a with co rk 
lamellae": wh en secret ion s do appeal' in thesc clements th e \' ha\'e a differenl 
appea rance and present differe nt chemical reac ti () ns . I~ ;tlhcr si mil ar proc
esses are reported for th e lJast. 

H.ecently Swarhri ck (37. ,,)S) has rcporled ()n th e formatioll of w(lul1d 
gUI11 in pruning w()und s and under rill g-W() ull (k 1 Il ge neral hi s findin gs 
corrobora te those a lready discussed: in addit i() 1l he reports lhal th ese cl e
posits a rc macle onl y durill g certa in m()nth s . regardl ess of th e time at which 
the wounds \,.., e re l1lad e. In C(l lltrast t() that of de V ri es , hi s work shows 
marked differen ces betw een ;ldja ccnt ti ssues a!J()\ 'C' a ncl helow rin g-wound s, 

F inally it l11ay he sa icl that 11 0 lit eraturc re \'iew O il this subj ect. bowe \'C' r 
hrief. should omit mentioll of th t exce ll ent sUl1lmary of regeneration prnc
f.sses furni shed hy I'lister (LZ), in aclditi()n t() his (lW Il work ()n ( aUu ,.; 
[ormati on . 

WOUND HEALING IN THE APPLE 

Meristematic Tis~ues-\\' () l1n (l hea lin g is gc nc rall y treatecl. in tex ts 
on anatol11Y, along WIth regcn erati on. . \ n e:densi \'e literature, as summar
j zec~ by ]~ li ster .(22), abounds in cases showing regenerative properties of 
vari ous tI ssues In \'cH iou,') plants: in fact, I'i.ister states ( p. 77) that all 
o.rga~ s an ~l all kinc1 s of tissll e h;1\'c this p()t ent iality. J f. howeve r, regenera
tIOn IS c1 ehnecl as th e formation of new tissue hv a lread v differentiated cells 
~ts role in the healing of ordinary w()und s in apI;le and l;ear is but minor. Jt 
IS true that no \'e ry extencled sea rch in graft Llni ons is required to demon
strate regenerati on in \,vood at th e k :g illning o f its second season. Tn the 
tongue g raft , for exampl e. a fi ssure in the cion aho\ 'e contact with the sto ck 
is .li ,kely to contain more ()r less ca llu s fo rmcd I)y the pith and h,v the wood. 
pnmary and secondary . In poorly fitt ed cle ft g ra ft unions, the cion and 
the last-formed wood of the stock ()ccasiuna ll y {urm so much tissue from 

nEf'ECT JVE (;nAf'T l' N IONS 1:\ T 

th eir cut surfaces th a t it enk rs int () thc ; 
sort arc c() l11paral i\ 'ely rare. h()w e\'er . al 
pend s primarily and alm()st exclusi\c l,\' ( 
differentiat ec1, or partly differentiated. del 

Si nce th e cia \'S () f Pall adil1 s. occas iona 
ting, l u ngitudil~ally. th e ha rk on "hide-I 
\ Vhether ur n() t the tree as a v\'lwlc g-n) \ 
local r es ponse in enhan ced w(J()el gro wth 

F ig, 3- }-I ea lin g of a \\ 0,111(\ 1llaJe b v 
b a rk. Jul y 19; sec t io n c d the lo ll cmi llg 
s t illiulu s" s h ow n b v in c r eascd a lil o un t 01 \' 
ill 1l e ig hb o rh ood ~ ( c ut. \\ 'o und gUIil ci t 
e ff ec t. N e\\' per id e rlll pro tectillg ba rk i 

taking the forlll shown in Figurcs 3 and 
af ter the injury is composed of large r ce 
5), th ough most of th e x,\'lem rays pres( 
(Fig. 4 ). In a . hort time, h()\,."e\ 'e r. conci 
1)' in these cases the cam bium is the ir 
; ince the cut surfaces of th e hark sulJe 
~n.d the only hark co ntinuity e.-..:ist ing is 
lIlJury. 

The increased wuod furmation, incidel 
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the ir cut surfaces that it e llt ers ill t() til e adual uni on . l)c I'e lopme nts of thi s 
sort are c()1llparat il 'c ly rare . howe l'c r , and wound h ea lin g in th e a ppl e d e
pends prima ril y a nd almost exclu s i\(.' ly on th e ca miliu11l and its as yet un 
cliff eren t ia ted , o r pa rtl y cliff e r en ti atecl. ci e ri I'ati ves. 

S ince the days of P a ll ad iu s . occas ional f ruit growers have practi ced s lit ·· 
ting, long itudinally. th e bark O il " hid e-huund" trees . to stimulate g rowth . 
\ Vhether o r no t thc tree as a w ho le gro ws 1llor e rapid ly, t'he re is a st ri k ing 
loca l response ill enh anced woue! gr owth, so m et im es, th oug h not invariab ly. 

F ig . 3- Hea li ng of a \\ 'OU Il(/ lllaJe by s illl ple lo ng itudin a l s lit thr o ug h th e 
ba rk. Ju ly 19; sectio lled the lo ll o\~ ill g Jun e. VV ea lt hy a pp le. "Wound 
s tilllu lu s" sh ow n by increased Cl ill o unt of w ou lld wood formed by th e ca ll1biull 1 
ill n cig h bor h ood of cut. \\ ' o und gU lll cl e p os it in o ld wood is a lso a wo un d 
e ffect. N ew periderm p r o t ec tin g ba rk is s ti ll a not h er wou nd co nseq u e n c e. 

taking the form show n in Pigu r es 3 and 4 . The wood formed immedi ate ly 
after the injury is composed of la rge r cell s, parenchym atous in na ture (Fig. 
S), thoug h m os t of the xylem rays p r ese l'\ 'e som e m easure of their iden tity 
( F ig. 4 ). 1n a 'h ort t ime, howe ,·e r . co ndi t ions retu rn to n o rmal. Appa rent
ly in these cases t he cambium is th e impo rtant factor in r esto ring uni on , 
sin ce the cut su rf aces () [ the ha r k suberi zed before uni on was es tabli shed 
~ ll.d the onl y bark cont inuity e:--: isting is in tissues fo rm ed su bsequent to the 
1l1Jury. 

The increased wood fo rmati oll, in cidentally, does not n e 'essaril y represent 
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wa te r-ca rry ing capacit y a l)()\'e tInt ()f th e unwol1l1d ecl s tem, hecau se o f 1he 
f()rmati o1l of vv()und g'U1ll therehy indl1 ced in th e \'esse ls laiel dow 1l hefo re 
t he wOLIn 1 was mack, 

\Vhether the g rowth s timulati on ohse n 'ed he re r esult s fr om r elease of 
pressure exerted h\' th e bark. a s co nt end ecl h\' d e Vries a nd deni ed bv oth er s . 
o r wheth er it is tlle e fr ect of a w ()und hor;llo ne. canno t he d ec idecl on th e 
e \'id ence a\'ailahl e. Throug hout th e wo rk here r eport ed. pressure seems 

l·' lg. -t- En la rged detail or I; ig ur c 3. Ne w \I 'oo t! pr in c ipall y pa r c nchYlll atou s, 
\\' ith soni c p e r s is t e nce or xy lem rays. \' esse ls in a iel w oo el p lugged by woun d 
g um (dark er porti o n ). 

t o exe rt a \' ery pron oun ced eff ec t on th e nature. as well as th e extent, of new 
t.i ssue form ed. ft may he proper to r ema rk, s ince th e point seem s to ha\'e 
heen O\'e rl ookecl in some r at h e r contrO\'e rsial di scuss ions , tha t pressure 
chan ges may aH ed t he phys ica l a nd chemi cal conditi on 0 E th e indi \'idual 
cell , and that affirmati on of th e one inAu ence cl oes no t n eces.' ari lv i,wol\'e 
negat ion of the other. l\ lo rem'e r, t.h ese are not the o nly factors: ;lUl11er ou s 
obse n 'ati ons indi cate th at f() od a nd wate r su pply pIa)' a n important part in 
wound r ea ction s. f\() thing seen ill thi s s tud y furni shes clear e\'iclence fo r 

DEl'ECTIVE r;RAl'T l'N TONS 1;( TTll 

l; ig. 5 Ta ll gc nti a l vi c\\' t hruug h \\'t 

in F ig ure 3, P ~lr e n c h ym ato l1 s t iss ue 
ti ss u es o n s ide s. 

Fi o' ()- Pa rc n chymatou s t iss ue fi li i 
har l~~ ' F o rm ed f rom bark a nd \\'ood 
za n t a l lilH'S se parate th e produ cts of 
\\' ood. Pers is t e nc e a nd co ntinui ty of 
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I ''i.~. 5- Tallgl' llti a l vic\\' thro ug h \\ OUllt! s imil a r t o tlIat s l1 o\\"11 
in j(ig ur e 3. Parc ll c hYlll ato l1 s ti ss ue in ce nt e r ; a lm o s t normal 
ti ss ucs o n s icl es. 

F in (i- Pare n chy m ato us ti ss ue fillin g cavity m a d e by rai s lll g 
bar lt F o rm ed fr o m bark and \\" ooel . The clark irreg u la r h or i
zO lltal lill cs se pa r a t e th e proclu ct s of ca mbium a nd lll c ri s t c lll a1.i c 
wood. Pe r s is t en ce and continui ty o [ xy lem r ays rat lI e r markcd. 
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or :lg:li n ~ t ]lolarit y , 1 ~ a iactor ill hc:tling w( ) l1nd ~ ()r in e:-; tahli :-; hing' g r:l ft 
11l1i (l1ls: it is a hy]l() th c:-; i:-; nHl ch 1l1( )rc eas il y a :-;:-; crtcd than prm'cc1 or <1i ~ 

provcd . 
1\1 eri ste11latic properti es arc not confin ed. in appl e and pear . to a single 

layer ()f cc lls . The plaillest e \·ic1 ence of thi s fact is the ~ u ccess attcnding 
lltldding in th ese spec ies. \\'h et her th e laye r of camhil1m moth er ce ll s i:-; 
c() 1l sidcrcd to a( lh cre t() th e hark when it is ra ised or to remain on th e w()( ld 
surf ace. 11 CW ti :-;Sll C i:-; f() rm ed from h()th ~ urfaces apparentl y with eq ual 
faci li ty, a t t imcs whcn hl1dding is cl onE'. In most cases ()Ilse n 'eel, th e tis sue 
:1r is ill g () 11 th e in s id e of the hark seems as compl etely parenchymatous as 

r ~ i g. 7- A dl'tail {rUlll th e eclge o f a \\ OUlld made by ra is ill g" th e ba rk I'n ,' 
ill sert il lg ;1 bud whic h doc s Il Ot a pp ea r ill t he p ict ur e. Lill es fr0 111 A t (l 13 a ll d 
fro 111 C to I) \\'l)\J1d 111ark th e ti ss ue fo r111 ed befo r e th e w o ulld was mad e: 
I ll' ( WCL'1l t he m is pa r e ll c hYIII <l I'ro m bark a lld fro lll w ood. Th e ir r cg \1br cl ark 
lill l' s ;Ir l' pr CS llllll'd t o Ill' r Clllllallt s o f ce ll s d es troye d w h e ll th e \\'o l11 HI was 
1l1;ldc. CC llicr of s tC111 be lo w lower edge. 

that ari si1l g on the wooel surface, whi ch in th e majority o f cases r etain s some 
trace of the xyJem ra)':-; ( Fi g. G). lJeV ri e~; and mos t other commentators . 
as cited hy I r erse , stated that th e cambium, in such case:-;, rema in s attac hed 
tu the ba rk, and thi s seems to he th e ca:-; e. th ough the statements de V ri es 
adduced as e\'idence do not hold co nsistentl \' in the mate ri al examined . which 
]ll:escnts a di\'e rsity () [ conditi ons. \ Vh ere' th e ha rk has heen ra ised slightl y 
WIthout remO\·a1. as und er th e ba r 1~ Raps at th e edges of shi eld -bud insertion s 
and hark g ra fts . th ere is often littl e c1i1'i'e rence in th e pa renchymatous prod
uct uf ha rk a1ld woocl surfaces and ill yi cwin g small ar eas ori entati on i ~ 
cli nicult w ith out r eference to th e prepa rati on as a whole. Ohmann us c1 a 

DEFECT JV I-;: C I\AFTL·1\ IO.l\S I1\" THE 

thin bruw n lin c rmlrsi1l g through ti:-;sl1e o[ t 
the two calli ; th is . accordi ng to hi s explanat 
or th e uther and th e out -p()uring tissue e: 
r I erse, notin g the prese1l ce 0 [ thi s line. con 
mains ot cell s clcstro\'ed h\' the actual ,v( 
mark th e union , parti-cularJ)' in hucls. Son 
cou rse 0 [ th e present study show thi :-; lilH 
not met another ca llus and in some t\\lO l ine~ 

Fig'. 8- T h e edge ol a \\·0l1 11(1 l11ac1c 
whic h did ll ot ta k e. Alollg th e e\:1 
rapid r es to ra ti o ll 01' 11 e; lrb )' 1Hl1'1 11a l ~ 
a 1HI Nove 111\) c r 1. Th e " bu sll fOr1l1' 
ce llt e r. rath e r C0 11 11110 11 ill bud unioll s. 
th e ccl1llbil1111 attac h eel to t he bei rk. 
thi s s tructure is a fracture , produced 
fr0111 th e ,,·ooel s l1rf ace, alld fi ll ed \\ 
is r at he r COl1llll o n. 

cases, these renl11an ts do 11ut break the I 

seems prolJa1Jl e that th ey sepa rate rather, 
recli\'is iol1 01" ce lls part ly c1i f(e re11tiated 
der i\'at i\'es. and, on the outsid e, mailll y tl 
cell s whi ch had penct rated th e area (If hI' 
la\'er. 111 other \"lo rd s, these lin es U11dr)uh 
c;:;ses , bu t. ill oth ers. they appear to mar k a 

1 f it be assum cd that grow th is always 
cells laid down attached tu the bark (after 
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thin hrown linc cOllrsillg thr()ug h tissllc of thi s su rt as a lllark of c() lil acL <if 
the lwo calli ; this, according t o hi s cxplanat ion , is pCll ct rat cd frolll onc si de 
or th e uth er and th e out -pouring tissuc es tahlishcs th c fusio n of tissLlcs. 
lle rse, noting the presence of this line, considcred it to be composed of rc 
mains of cells destroyed by the actual wounding, and that it docs of tcll 
mark the union, particularl y in huck Some preparation s exa11lined in th e 
coursc of th e prcse nt study show thi s lin e imbedd ed in callu s which h:lcl 
not 111 et another ca llus and in some two lincs arc prcscnt ( t<ig. 7). J 11 mall Y 

Fig. 8- Th e eclge 0" a \\oUI](1 Illacl e for t he in se rti o ll o[ a iJucl 
\\'hi ch did not tak e, A lo ll g th e expnsed \\'ood s urfa ce (ri ,~ ht ) 
r a i> i cI r es t () l' a t io n () f II e a l' h y 11 () r III a 1 s t r \1 ct 11 l' e h ct \\' ce ll i\ u g ll ' , t 1 
cllirl Nove ilihe r 1. T he "h ush ,'o rill" projectio ll . a t tIl e Ie"t uf 
ce nte r. rat he r CO Ill1lJ o n ill hud u11i o ns. is a p roduct or gn1\\,th fruIII 
th e ca ll 1hiulll a tt ac hed to the hci rk, The lig ht tr ia ng ul ar spot in 
thi s s tructure is a fractur e . produced hy the ti ss ues pres s ing l1 i ' 
from th e wooel s u rface, a ne! fi llee! with parenc h yma. Thi s, to(), 
is ra th e r CO llltllOn. 

cases, thesc rcmnants clu nut brcak thc cU lltinuit\, uf a cell ser ics a lld it 
seems prolJahl e that thcy scparatc rather , ()I l th e -insid c. ti ~s L1 e f(lr ll1cd hy 
rcc1i\'isiol1 u f ce lls partl y diffcrelltiat ed priu r tIl wOUlldillg <L IHI ()f theil
c1eri\,ati\'es, and , on th c outs id e, 1l1ainh' th e tisstle c1 e ri\ 'cd 1)\, rcdi\,is illil ()f 
cells whicb had pcnct ratcd th c arca (J IJl'(lwn re ll s c1 er i\'ed -f rolll the (l Itt er 
layer. J 11 other \-vo rd s . th esc lines undouht edly represc il t ce ll (1c lll-is ill S() lll e 
cases, bUl, ill ot hers. th ey a ppcar t() mark a tC1l11)()rary check ill callus growt ll. 

If it be ass um cd that grow th is a lwclYs cCJ1trifugal, thc ll pl ai nl y thc l'lrsl 
cells laid down aUached tu the !Jark (af ler wounding) are as parenchymatolls 
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as those formed on the wood surface or e\'en more so, and speciali zed tiss Ll e 
appears later. -farther from the center. Sometimes, howe\'er, the i11n er 
( toward the center ) edge of th e parenchymatous l)ark-deri\'ed tiss ue shows 
sO l11 e speciali zat ion. and the w()od closest the phl oem is regula rly organi zed , 
while between the m is parenchymatous ti ss ue. T hi s might possibl y signi f y, 
st ill assuming centrifug'al g rowth, that the first cells were laid down hy the 
cambium before its cells c1i\·idecl longituc1inall y in response to the new con
dition s. It seems more plausible, bowC\'e r, that another cambium may be 

Fig. 9- A ll enlarged d e tail fr o m Figure 10. T h o ug h b o th WCJod 
ce ll s and xy le lll rays s h a r e ill th e forll1ati o n of parench y ma , thc 
xy icm ra ys co ntr ibute m o r c than th e ir proportion. 

formed , faciJ1g inward , and that, through the actiun u r thei r wu()d prud Ll ct s, 
the two are forced to g row in opposi te clirect ions. Indeed. all a ppearance 
o f the so rt presented I» ), the bad.;: Aap in Fi gure f\ and noted by ()hmann 
could hardly be expla ined in any uthCl' way. 

Type of Wound- The potential var iab ili t y in re sp()ll se to SilllPlc 
wounds just illdicated, is utili zed IJY the tree ill healing large r wllL1l1(ls pre
senting diiIcrent cunditi uns. IJoth in su rface exposed a nd in e ll\'iroJl ment 
subsequent to wounding. \Vhcn the meristematic surface of the wood is 

DEFECT [V I ~ CH.AFT 1.; N JO N~~ r ~ 'I' l l 

IJrese rved intact, the healjng process is CJui 
cO\"Cr a surf ace on which the meri ste11latic 
p()S Llre t(), ur protection fro 111 , at11los pher 
wilate\"Cr the nature of the wuod surface . 
bas all undouhted influence. 

1 f the 111 eri ste1llat ic su dace cx posed up 
jured. parenchymat ous ti ssue dercl()ps ra 
th is stage . atm()spheric in Auell ces begi n to p: 
a nd f rum ill r eel ion, parenchY11la de\'e lops 

Fig. lO- A " 'o u11Cl Ill acle ill a \ \ ' e<l lth 
appeared ill th e fo l! o \\ ill g \ \·ill ter. Th e 
Ill ; th e \vooel s urface ul1injure cl except 
a lld til e \\'ou llcl covered \\·ith aclh es i\'e 
\\'a s in jur ed : l ittle or nOll e e lsew here. 
\\'ooc! \\'a s rapid. }\ iJull(lallt parellc hYIl 
ill g from E to E I; ill thi s is a "\\'ooc! i, 
of a n ind e pc nd e nt C<L ll ,b iu lll for111ecl ill 
th o ug h not rar e. is n ot nor111a l. 

furmati on, buth xYlem ra\'s and uncliiIe 
h;:l\'c a part ( I < i g~ 9), pr~ s lll1l (l bl y by H 

process has bee ll described in detail by 
face at thi s ti1l1 e is so Une\'C Il, ill part I 
frOll1 the xylem rays, that it is dirG cul t tc 
t iss ue down , and therc is llll rcadily rc 
J I crse reports II ndi Il g i ndicat iOll s () [ cel 
ti ss ue, und er similar circLllll :.tan ccs. i t 
has been demunstrated to occur under 
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prese n 'ed intact, the healjng process is quite different from that invoked to 
CO \Tr a surface O il which the meriste111atic su rface has l)een destroyed . Ex
posure to, ur protec tion fro m , atmos pheric influences aHecls the healin g, 
whate\'er the nature of the wood surface. The yigur of the tree, li kewise, 
has an und oubt ed influence. 

If th e 111 er iste111ali c surface c 'posecl upon remoyal o[ the l)ark is unin
jurcd. parenchY111at () US ti ssue cle\'clops rapidly, as already clesc ribed. At 
thi s stage. at11lospheric inAuences begin to playa part. Protectcd from drying 
and fr0111 in r cct ion, parenchyma cl e\'C lops rapidly and copiously. In thi .1 

Fig, lO- A w o und mad e in a \ V ea lt hy apple bra n ch on J ul y 19 as it 
a pp ea r ed in th e fo ll o \\'in g " 'in ter, Th e ba rk ,,, as r e1ll ove d fr om H to 
HI ; t he ,,"ood s urface uninjured exce pt by th e knif e cut s a t the edges, 
~lIId th e \\'ound covered \\' itll a dh es ive t a pe. \ \fo und g U1ll w here wood 
\,'as injur ed ; li ttle o r non e e lse w h er e. Re storation of n ea rly normal 
wood \\'a s rapid, A bundant pa r e nc hyma for1l1 at io n fr o m ba rk extend 
ing from E to I-<~ I; in thi s is a "wood island" (Rinden kn oll ) t h e product 
of a n in depen de nt ca ll,biulll fo rm ed ill t h e co rti ca l pa r e nchy ma. Thi s . 
tho ug h n o t ra r e. is not nor1llal. 

formation , buth xylem rays and undiiTerel1tiated woucl Clc l11C ll ts appear tu 
ha\'e a part ( Fig. SJ ), prcsumabl y by yery rapid lra ll s \'Crsc ci i\isiu l1, Thi s 
process has l)ce ll described ill cletail lJy l1 crse and by dc V ri es. The sur
face at thi s t imc is so lll1c\'cn, in par t because o[ more rapid clne]oplllclll 
from the .xylem rays, that iL is difli c111 t io c() llce i\'C~ o f a C;l111hiu111 laying thi s 
tissue dowll, and th ere is ll O readil y recog lli zed c\,i(lenl'e of bark t i ss l1c ~;. 
J Icrse reports fJ1l dill g incli cat io]l s of cell di \,isiun ill p;lrc.: nchYlllat(J l1 s apple 
tissue, und cr similar ci rcum ~; tall ces . It seems prubable, therdore , that, as 
has been dem onstrated to occur under many conditions, a new cambi um 
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for l11 !'l in th e j)a rencll\ 'Il1 <L a lld ul tilllatcl\ ' Illakes co ntact late rall\ ' with the 
a(h 'a ncing ca ll1hil1lll of th c wo() c1 at th e ~ id e o f th e injured area -( l; ig. ] 0). 
Thi s \' iew is strcng th ened by th e equ;d ()I' e \'CIl g reater radi a l thi ckness o f th e 
a rea Cl f m gani zed \'asc lil a r (i ssue ill the middl e o f th e wound : had camhiulll 
spread from the edgcs thc conditi()n would ha\'e been re \·c rsccl. , \t t he 
same t ime, t he poss ilJili t,\' o f ind epend ent cambium fo rmati on in corti cal 
pa renchyma is illustrated hy t be "wood isla nd" ( rinclenkn oll ) shown in the 

F ig . 11 - T a nge n t ia l. c nl a rge d, vic \\' thr o ug h t h e n c\\' \\ ood fillin g a WOU IF! 

s illlil a r to t hal SI1O\\' 11 in F ig ur c 10. Thro u ,£; h a g r o und \\'o rk of pa r cnchyma 
( lh e " p rilll ary " s t agc of el e Vr ics), th e flr s t - formcd t rachcids a n d ve sse ls 
co ur se ir regu la rl y. T hi s is t h e beg inning o f r esto rat ion 01' n o r llla l con dit io n s. 

fig ure. Vesscls a nd ftl lCl"S a pl )ear at Ii rs t spowc1 icall .\· a nd cuurs'll g 
ir reg'ula rl y th ro ug h the s t ill parenchYlIl a tous g r(J Ullcl ti ss lle ( F ig. 11 ). T heir 
lIumher in creascs ra pidl y amI a loll g with thi s ill crease CO IlI CS a s tra ight etlill g 
() f th eir COl1rses , and Il() rlll a l ti ssuc cO lllp(ls iti o ll a nd st ruct ure Ill ;l\' he rc
s tureci ill a cO ll1pa ra ti \'(.: ly s l1(l rt tilll e: (:cr tailll y, ill s l1l a ll W() l1ll tb , w(thin t wo 
ur three m Ul1ths. Th is IJI"(JCCSS is essc llti a lly til e salll e ill ~ 111 a ll wuu llcb, 
w bether they a re trans \'crse ur lung i tud i nal. 

DEPFCTT\'P (; R!\ PT l' N TO S I t\ l 

Swa rhl ' ick rc p()J"ts (he ca llu s ill pro' 
chi efh ' f r() 11l ph()lcm. I)repa ra ti () ll s m a, 
r ing-~ounc1 s 11l ade () n Jul y I() , I <).?7, ill ( 
as in th e () th er cases , c() mes from th e 11 

ca mbiu1ll a t th e w()und edges ( I·' ig. 30 
rese mhl es tha t descr ihed for I() ll g itu dill; 
island ill (he ha rk is c\·idence of in dep t 
g reate r a m() Ullt ()f \'asc ul ar tissue nnr 
si() n fro lll th e s ides. ]\ lrt ial r i1lg \\'m 

wo und su r f accs ha \'e hee ll "prntec ted" 
s truy ing th e meri stem on th ese su riaces , 
like corres pollc1in g long itudill al w(J lIllC ls , 
is grea te r . In th esc , as in larger c() lllp k 
th e chi d rol e. ( )ther thin gs eqlla l, the l 

for ms ca llu s nlll l' h Ill ()re abun da llth', a~ 

lmver edgc, ~1 1lc1 phl oe lll ac t i\' it y is ' ull d 
If, h()we\'('r, (V, ' O rin g- w<ll1l1d s ~lre made 
of (h e lowe r w<ltlild gr()ws Ilu t lit tle, i i a 
the upper c c1 ~:e of th e u ppn woull d gr 
heha\ ' io r w() ulc1 S(,C Ill ( ) ill di cate that ( 
chi e A\' f() od C() II\ 'C:'\ 'an c(' tu th e camhil1 : 

, ' 

pmta nce ill (h (' heal ing' u f th e stock ill 
la(e r . I ks pi tc th e r e() rgalli z~lti () 1l ()f Ih c 
tell ure ()f Ii fc is limit ed an d UllleSS i( e~ 
d ies, e\'e ll hd() re tlw stem al)()\'C th e rtl lg 
ba rk (ha ll ill t he W ()l)Cl. 

Environment \\'h cn t h e \\·()()d sm 
jured, hea ling co mes fm lll (h e sid e, ill t: 
\,va lling. 1 '~ II\ ' il'()nlll e llt a l cllncl iti oll s p l a~ 
qll<llltit a ti\ 'C ti ssue relati onships ill \,o h·tc1 
a ll ces prcsc n lc'd h\' protected aile! ullprol , 
dilTerellt ( I"igs. I .? a nd 13). 1,' u1l d:l1 11C1l 
process. 

J n the protec tecl wou nd, pJ. rcnchymat( 
T hi s of course proceec1ed i rolll th e caml 
t he cam biul11 begall to ex tend latera lly ( 
( Fig. ] -+ ). The newest ca mhiulll tllll s 
whil e at (he same tim c th e Ilrst nev" caml 
wood . Th e \'igo rous c1 e \'eloplll cnt 0 i I 
woun d soo n hroug ht the surfaces (oget l' 
prese nt at the po int 0 f co ntact there \\'a~ 
ca me onl y la ter , w hen the two camhi ulll 
of t he p;renchymatol1 s pad , joilled ( I; ig 
\V h,' cambiu111 m el \ ' not differe ntiate in( 
est;lbli sh uni on w ith t he "old " cambi ulll 
severa l others c.'\<lm ined , t he cambium ( 
fro m th e edges, is indi ca ted hy th e nota 
near th e cdge of the ' '''Ollnd . L' nc1 crsta r 
consi dera ti oll th at th e "o ld" camhi ulll 
pe ri od of '\'Olllld hea ling, hu t acl\';1llccd C 

proccec/ccl. 
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SW;lriJrick reports (he c;l lll1 s in pmtcc(ed small rin g-w()und s ( 0 C( )lll e 
(' bi eRy 1'1'(1111 plwiclll. IJrepar;lti()lls 1llade in Septe1lliJer f],()1ll prot edcd 
ring- wound s mad e on .Iuly I () . 19.27, incii cate clearly that t hi s parenchyma. 
as in th e oth er cases . C()1lles from th e mcri stematic wOl1nd surface and th e 
cambiutll at the w()unci edges ( Fig . 30) and that t he restorat i()n process 
resembl es that desnihed fur I()ngitudilla l WUUllCk Il ere . to(). th e w{J()d 
island in the bark is e \'idcnce of ind ependent caml)ium formation. hu( 111 t' 
greater am()Ullt of \'as cular ti s~; u c ne]r th e edges indi cates camhiulll ex tc ll 
siun fru111 the s id es . Partial ring wound s uf greater dim ension s . wl]() se 
wo und surfaces ha\'c been " protected" hy ;l coating of grafting wax. de
stroy ing th e l1l eri ste1ll on th ese surfaces, heal, for (wo or three yea rs, 1lluch 
like c() rres ponding long itudinal W()U1H.l S. though til(' disturbance in direl't iun 
is gr eater. In th ese. as in larger c0111plete ring-w()ll1lcl s. th e cambiu111 p lays 
til e cili t' f ro le. (Hhtl' thin gs equal. th e upper edge of a ring-wul1nd a lways 
form s callu s 111uch 1llo re abundant ly. as a ll C01llmentators ag ree. th an th e 
luwe r edge. Zl11d ph l()em ac ti\ 'it y is und()uiJtedl y i1llpor ta ll t ill thi s prucess 
[f. I!()We\Tr. two rin g-w()und s ;lre mad e in cluse pr{J :-.: illlity. th e Lipper t· cJ ge 
of (h e I()wer w()und g rmvs hut little. i I' any. more tlnn th e I()we r edge . while 
the upper cdge of th e upper wounci grows m()st \'ig()rol1 sly ()f all. Thi s 
heh,1\i() r vvmJld see111 t() illdi cate that (he fL1llcti()n of the phl()em he re i ~; 

chi efh' fo()d CO L1\ 'C\'anC<' t() th e camiJ ium . Thi s nnttcr attain s some im
porta;l('e in th e he;-t1in g' ()f th e stock in th e pea r-quin ce l1niun. as is shown 
later. Ik spitc the reo rga ni zati()n of th e callu s edge in ring wound s. ih 
tenure (Jf li fe is limited and lIlll ess it es talJli sllE's contact in a few veal's. it 
di es . e \'en hefore tilt' stem a l)()\ 't' th e rtll g. Thi s di e- ha ck is mme ra pi"d in th e 
hark tl!:L11 ill the wouel . 

Environment- \\ 'hen th e wood surfac(' in the \\'0111Hlcd area i·; in 
jured , healin g co mcs from th e s id e. ill th e fami li ar mann er known as m ·er·· 
wal lill g. 1': ll\inll1mental conditi () ns play ;l g rea t part in determining the 
qUClntitati\'e ti ss ue relationships ill\ 'o!\,tcl ill thi s process; ind eed , the a ppear
~lIlC es presented h.\' pr()tected and unprot ec ted wounds are supe rfi ciall y quite 
eli Iferent ( I·' igs . 1.2 <.Ind ].) ). hlnda11lenhll y, llOwe\·e r. 1 hey show the same 
process. 

In th e protected wound, pa re n chy111atou~; ti ssue fill s th e hulk o f th e gap. 
Thi s o [ course proceeded from the cambiu111 at th e edges . In a short time 
the call1bium began to extend late rall y ()\'e r the newly formed p::trellchym:1 
( I' ig. ]4 ). The newest cambium thus form ed ga\ 'C oFf more parenchyma . 
whi le at th e same time th e Ilrst new cambium began tu c~if(e re n(iate organi zed 
wooel . Th e yigorous de \'elop11lcnt of parenchyma fn1111 h()th s ides of the 
wound soo n broug ht the surfaces togeth er hut s in ce there was no camiJiu11l 
present at the point of co ntact th ere was no uni on in the trues t sense. Thi s 
came onl y later , when the two cambium wings . (Jcl\'a ncing alon g the surface 
of th e parenchymat ou s pad. jo ill ed (T· ig . 1.2 ) . There is no reason a ppa rent 
why cambium may not differentiate ind cpend entl y in th e parenchyma and 
es tabli sh uni on with th e "old" cambium: hut that in th e present case . as in 
se veral others e:--;aminecl. the cambium cO \'erill g was es tahli shed hy ach ance 
fr0111 th e edges . is indicated hy the notahly thicker layer o f orga ni zed woocl 
near the edge of the wound. Und erstanding of thi s process is facilitat ed by 
considera ti on that the "old" cambium layer was no t stationar.\· during th e 
per i()d of \\'ouncl he;lling, hut acl\'ancecl outward as ordin ar y diam eter g rowth 
procec c1 cc1. 
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Fig. 1.2-!\ cOlllpa lli o l1 tl ) I·' ig ure 1.1 . The se wouncl s. 1llade Jul y ]<J , s tood 
ailout t\\' o illch cs :lpa rt OIl a IJr ;lll ch of \\' calthy apple. \ Vhe ll th e bark 
\\,;I S r Clll ovcd the cx pose d \\'[Jo d Sllrf :1CC wa s scraped ill both cascs; th e wou lld 
s ho\\ 'll in I ·'i.~' lln' ] .2 \\a s (' (,\lTc d \\' ith :lli li e ,s ivc [;ljle; thl' ot h er wa s left Ull 
prntec1 cc l. ~e(' ti o ll s Cllt ill I\'n n ' llil)('r foll( )w in g' wou ndin g'. I' ig ur c 1.2 s h ows 
pre po nd e ran cc o [ pare ll c li Yllla. \\' ith ca ll1biu1ll c r eep i1l g a lo ng it s o ute r e dge. 

-rig. 13- ( ~ee lege ne! for Fig , 12,) 
e 1lti atecl ti ss ue pr ed o 1l1i1l a 1l t. Xyle m 
wou1ld g Ull1 co uld b e formed . 

Parenc h Y1lla 1llu c h r e du cc d , di f[er 
near e s t {voul1d s urfa ce di ed b efore 

DE-rECTIVE (;T~A-rT l T NTONS IN TH 

TTcaling ()i th e unpr()t cctccl wound with 
fir st g lance quit e different from that just ell 
actuall y va ri es ir0111 it o nl y in th e proport 
chyma ancl o rgani zed wood. Growth is l e~ 
t'x tension across the wound and inte rstitial 
than diffe r entiation from th e cambium. 1'1 
ti ssue is g ive n o ff fr om any indi\'idual ele 
appears r elat ively earl y. As the callus ach': 

j' ig. l~-All e arl y s tagc o( Fig. 12. 
t hr o ug h 0 11 e e dgc of a protec ted \\'oun e 
1llack 0 11 th c sa m c day, 0 11 t h e same br ; 
ca ll1bium . 

sure of the bark already g iven off from t 
d ow n , and only th e presence of the \vooel 
() [ the type d esc ribed and illust rated by 
formation of callus in trees with th e cer 
callus ( Fig. 15). then, has a narrow rim 
the o ld w ood. a zone of partly organi zed i 
n ormal wood. 

The zone 0 f parenchyma on th e lower 
1hc wound surEace) is o f rather "aried co 
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TTea1ing- o[ th e unprot ected wou nd with injured wood surface, though at 
rlrst g lance quite dirferent frunl that ju st descr ibed f()r the protected wound. 
actual ly vari es frolll it only in the proportional rela tionship betw een paren
chyma and organi zed wood. G rowth is less rapid , a nd the cambium lateral 
ex tension ac ross th e wound and inte rstitial g rowth are relati vely m ore rapid 
than differentiati on from th e camhium. Furthermore, littl e parenchyma tous 
ti ssue is given o rf from any individual elements ; more or less organi za ti on 
appears relatively earl y . As th e callu s advances across th e wound, the pres--

Fig . I-t- r\ 11 ea rl y stage of Fig, 12. Sec ti o ll , cu t abo ut A ug uSl 15, 
through one edge o f a protec ted wound like th at shown in Pig-ure 12, 
made 0 11 the sa m e day, 0 11 the same bra nc h. Parenchyma ou tstripping 
cam biulll . 

sure of the bark already g iven off from the cambium holcls the callu s edge 
cl own , and onl y the presence of the wood surface pre\'ents furth er bending 
of the type desc ribed and illustrated by SOl-auer (3 5 ), who shows sp ira l 
formation of callus in trees with th e cente r rotted away. The advancing 
callus (Fig. 15 ), then, has a narrow rim 0 f parenchymatous ti ss ue neares t 
the olel wood. a zone of partly organi zed ti ssue and finall y normal or nea rly 
normal wood. 

The zone of parenchyma on th e lower side of the callus ( i. e., adjoining 
th e wound surface) is o f rath er var iecl compos iti on . A s the cambi um edge 
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:td\·:lnces . 1ll()tT ()r less of the c()rlC X in frolll ()r il is pressed aside and r()lled 
under. ;\l()ng with it. h()wc\'er. is a \'arying' a1l1ount ()f parenchymat ous 
ti s~u e laid down by th e rath er is()diameti c cambiu1l1 ce lls o f th e fr ee edge . 
In uther cases . h()w en 'r. th e rolling und e r seems to orjginat ~ from ahO\·e . 
in th e e" pansin:' f()r ce of cambiu1ll and some ()( the cambiu1ll edge is r()lI ed 
und er th e callu s and \'ascu lar elements are found ()ccasi unall\' ()n the inne r 
sid e of th e callu s. ~Iany u f th e o\'(' rwallin g calli eX C11l1it;cd see1llcd t() 
kl\ 'e (lcl\ 'atl 'cel at lirst vvith a fr ec- hang ing edge . pushing curLex ahead , lea\ '
ing pa rell l' hY1lla behind. and rulling su me cu rti cal parenchyma und ern ea th ; 
bt er th e r() lling lll uti()ll hecame 1llore acccntuated. and pnidn1ll. c()rti cal 

Fig . l S- C alllbiulll u ut s trippin g pare n c hyma. Th e fan - li k e div e rge nce o[ 
ce ll se ri es fr o m th e e dge oi th e wo und indi cates g lidin g g r o \\·th in ca mbiul1 1. 
a nd ti ll' cour se o f SO lll e se ri es d O\o\'n\\'a rd to \o\' a rc1 th e o ld w ood s uri ace in d i
ca t es th e r o llin g nature o i th e a dv a n ce. Th e ba ckw a rd pull exe r ' ise d b·; 
th e ba rk is s h o wn b v th e a brupt turn o i th e va sc u la r ray~ in th ' p hl oelll 
r egio ll . r;:x posed \\' otlnd , ap ple. 

parencbyma and cambium were roll ed under . Thi s rolling moti on may be 
traced by foll owing th e course o f th e xylem rays in "igure ] S. In other 
cases, howe \'er , the initial stage o f th e process just described seems to h,1\'e 
pre \'ail ed until uni on was accompli shed ( Fi g. 13). The di Fference may 
poss ibl y be explain ed by the relative rapidity of lateral extension and radial 
divi sion in th e cambium: indeed, th e type represented in Figure ] 6 may l>e 
considered inte rmedi ate between th e types represented by Figures 14 and 1 S. 

The sequence of ce ll seri es in many prepa rations indi cates tha t, in un 
protected wounds, cambium CO\'ers the ca llus a t a " ery earl y stage and that 
furth er de\'elopment is chi eAy interstitial , by the in serti on of new cambium 
elements between those already formed . In other preparati ons, however , 

D EFECT1 VE (; 1U\' 1o''1' U'\ HH\S 11\ T }I 

lateral ex tell s io ll clca rl\' is consid crablc. 
fo rma ti on of pa renchyt;la ill wbi ch new cal 

Thi s sta Le ment o f thc ori gin ancl cine 
wid el\", in somc res pccts . from Smaucr 's in 
ill th e swcct cherry (,") 5) in whi ch "parenc 
a 111 0re ac ti \'e role in c() \'ering and ext en 
warranted by th e preparati ons used in tb 
justi fy the interpretation o f the new hark 

F ig. 16- A b se n ce o f r o llin g ll~ot i O ll. 
\ \'() UJ1 Cl. Ca ll1hiulll latc r a l cx t c n s lo n slo\\' 
div is io n ; in di catcd by rcc ur vin g of xyl 
10 \\'cr s u rface of ca llu s ( \\' ith its 0\\' 11 pc: 
\\' it h ca ll us frolll oppos ite edge (at A). 

lC llding " I1 CW" cambium . .L atc ral cxtell 
indi ca tcd ill cither explallatlO n. 

Establishment of Union III s lll a ll 
ca mbium c() l1tinui t\· hc estahli sllE' cl ill on( 
\'ears ma\' elapse "hefo rc the ca llus li ps 
ll(lSS hcf(;rc the ca mhium cdgcs l1 nite . . ' I 
pC!1(is 0 11 the exte llt to which th e O]lpOSl1l . 
p re~s urc frUll] with in. l\h'LU lc, and as 
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lateral extension clear ly is considerable. Thi s appa rentl y ucc urs by lateral 
for mati on of parenchyma in which new cambium develops. 

Thi s statement of th e ori gin and development o f 1he callu s lip differs 
wid ely, in some respects. from Sorau cr' s interpretation of a simil ar structurc 
in the sweet cherry (35) in whi ch "parenchyma of the inn er bark" is gi \'cn 
a more acti\ e ro le in cU\'crin g and extending th e wound edge t.han secms 
vvarrantecl by th e preparation s used in thi s study, These seem plain ly to 
justify the interpretation of the new bark as a product of the laterall y cx-

Fig, 16- Abse l1 ce o f r o llin g mot io n , O n e edge of a h ealed s urf ace 
w ound, Ca mhiul1l la t e r a l cxte n s io n s low ill pro p o rti on t o cambium r a di a l 
di vis ion ; indi ca ted by r ec urvin g o f xy lc m ray s , Parenc hy ma edge o n 
lo \\'c r surface o f ca llu s (" ' ith it s 0\\' 11 pcride rm ) a nd pare n c hy m a at unio n 
w ith ca ll u s from o ppos it e edge (a t A), Exposed vv o uncl , app le, 

tcndin g' "new" camb iu1l1 , l .(l teral ex tensiun of the cambiul1l , lluwe\'er , is 
indicated ill eith er e."plana tion, 

Establishment of Union- ln ~ ll1 a ll wound s, clos ing' lll a\ ' ()ccur an d 
cambiulll continuity he establi shed in one seaS01l: in l argerw~lIlJd s ~e \ ' eral 
years may elapse before the ca llu s lips Illce t and scycra l years 111 nre m ay 
pass before the ca mbiu11l edges unit e, The rapidity o( thi s last process de
pends 0 11 the ex te1Jt to which the opposing surfaces are sllbcr i;:ccl a nd l lll "Lhe 
press ure fro111 wi thin, M~"lUl e, a nd as cited by ll erse, uther::" ha\'e ::i llg-
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F ig. 17- A "n a tural g r cdt."· as fo rlll ed in a li ve-brace. Ill a d e by t\\'I Stl11g 
toget h e r t\\' o s hoo t s from oppos it e lilllb s in a yo un g apple tr ee. The sh oots 
'were , .t h e r efo re, g r owi ng in opposite d ir ec tion s. Bending of xy lem rays, th e 
fir s t s Ig n of co nta ct. f o llowed III tw o yea r s by uni o n of ca mh iu111 of th e t wo 
s hoo t s into o n e co ntinu o us layer. Ma ny secti o ns of ulli o ns of thi s sort s how 
d ecreasC'd \\' iclth in rin gs at zo n C' of init ial co ntact ( Fig. 18); th e in c r ease d 
\\·iclth s ho wlI ill thi s ca se pruhably s ig llifl es pr io r u lli o n in a contig uo us area. 
Press ur e at CO lI tac t lJoillt s Il o l dir ec tl y oppos it e a nd no inclus io ns in thi s 
a r ea. 

DE P ECTIVE GRAPT UNIONS IN TH 

gest (1 1h:1.t c~111lhil1m continuity is cstabli sll 
:1.nci reahsorpt ion () f th e i nten 'c ni ng suheri zt 
as ull se ttl ed. The mat erial studi ed [or t 
t rpretati()n in lin e with Ilcr ~e's statemcnt ( 
necessity of pos tulating an enzy me for ( 
which seemingly res ists so lution most notal 
bes t in it s most ex treme manifes tati on, the 
entirely C' nclosed in separate corky em'e!0l 

Fi gure ] 7 illu strates a " natural" gra ft , 
tw ist ing together two shoots from sepa ra 
Incidentalh', in most. if not all , cases exa 
proceed in £ in oppos ite directi ons. Bend ing 
radial pressure and th erefore of contact, be 
annual rin g and in the other in th e fourtl 
crease, in th e width of the ann ual ring at 
probahly a reacti on to pri or uni on at a Il ea 
to the bendin g induced by twi sting. It is I 
lion; many sect ions from the same mater 
growtb at - the point of co ntact and increa ~ 
the fol lowing year in the present case. I I 
contact now consist:-; of parenchyma. witl 
that thi s parenchyma zone persists at the ' 
ri ght by \"(lscu lar tissue hridging the lI1ll 0 
co urse o( the twigs. 

There appea rs to be somc di\'e rsity in tl' 
is es tabli shed he tween the two cambiu1lls. 
l ~ i g l1 re ] R. a ratb er ca rl y :-; tage . scparate 
cuuing o fT more o r less cortex ( Io:-;t in sec 
these bark edges a re push ed a:-;id e, lea ring t 
camhial cx tension at either end o f the i:-; 
as an inclu sion ( Fig .]<) ) . These inclusi on: 
remnants , are, as seen in the material stt 
spots () f d i reel 1 y opposed impact, wi t h no 
to tear th e hark. () nce camhiu111 continui 
a re joined hy new ph loem and on ly a fi ssur 
denotes their ori ginal sepa rat e e:--: istence. 
point o( uni on in stead o( two ( I ~ i g . 20). 
second stimulus to woocl formati on. poss: 
accompli shed elsewhere, pi ercing th e 11 , 

cambium continuity promptl y and lea\"ing 1 

times expan sion occurs at point s not direc tl 
an actua l tearin g 0 ( the hark. fo ll owed b.\' 0 
across which the cambium acl\'ances . 

These natural g raft uni ons may be cone 
In' wh ich uni on is es tablishec1 between o ~ 
\'eloped corky surf aces. J n perhaps a 111a ~ 
()f the callus lips is denotecl by a :-; 111all rer 
the wound and perpenclicular to it ( Fig. 
c1i\'e rted outward , tearing and lifting the h: 
a common parenchymatous zone. 

In large wounds, in whi ch the callu s Iii 
the rath r ex tensiye de\'elopment of sube 
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gested that c l1l1hium continuity is es tabli shed in these ca.ses by the solu t ion 
(1 nd rea.bsorpl iOI1 of th e inte r\'cning suberi zed ce ll s ; J I erse r ega.rds the m a tt er 
as un se ttl ed . The mat e rial s tudi ed fur thi s in ves ti ga ti on sugges ts an in 
terpretation in line with Il erse's s tatement o f analogous cases . and Ll \'o ids th e 
necessity of postulatin g an enzy me for di ssoh 'ing th e one p la nt product 
which seeming ly res ists so luti on most notably . It may perhaps be examin ed 
best in its most extreme ma nifes tati on, th e natural graft , in whi ch two twi gs 
entirely enclosed in separate co rky envelopes establi sh cambium continuity, 

Figure] 7 illu strates a " natural" g raft , part of a li ve brace made by 
twi sting together two shoots from separate limbs in a young apple tree. 
Incidentally, in most , if not a ll , cases examin ed , longitudinal g rowth was 
proceedin g in opposite directi ons. B ending o f the xylem rays, indicative of 
radi al pressure and th er e for e of contact , begin s w ith olY~ shoot in its second 
annual rin g and in the ot her in th e fourth . The in crease, rather than de
crease, in th e width 0 f th e annual ring at the time 0 f initial contact, is 
probably a reac ti on to prior uni o n at a near -by point , o r poss ibl y a reaction 
to the bending induced by twi sting . 1t is by no means the prevai ling condi 
ti on ; man\, secti ons from the sam e materi a l show diminuti on o f diameter 
growth at - the point 0 f co ntact and in crease at eith er side. Thi s occurs in 
th e fo ll owing year in th e present case. It is clear that the zone of initial 
contact now co nsists o( parenchyma. with occasional bark in clu sions a nd 
that thi s parenchyma zo ne pe rsists at t he Ie (1. thoug h it is replaced on the 
right by vascul ar ti ssue bridging th e uni on zone tran sverse to the general 
cuurse of th e 1 wi gs. 

"' here appears to be sO l11 e di\'e r s ity in the precise m ode by whi ch co ntact 
i ~ es tabli shed helween the two camhiums. 1n the spec imen represented by 
Figure ]8. a rath er ear ly s tage, se parate wound perid c rm s have form ed , 
ctllting off more o r less cor tex ( lost in sec tio ning); with further expan sion 
these bark edges a re pushed asid e, le;.l\'ing the way clear for parenchyma and 
ca ll1bial ex tension at eith e r end of the isolated bark area, whi ch remain s 
as an inclu sion ( Fig ,] 9). These in clu s ions, noted by ]\'U'lUle as unabso rbed 
remnants, a re, as seen in the male rial studi ed here. a lmos t im'ariably the 
spots of direct ly opposecl impact, with no oppor tunity for shea ring s tresses 
to tear th e bark. O nce cambiul11 continuity is es tabli shed , th e loose edges 
are join ed by new phloem and on ly a fis sure in th e old er portion o f the bark 
denutes their o ri g inal se parate ex istence. A nother method ilwolves one 
point of uni on in stead of two CFig. 20). Thi s depends principally on a 
second stil11u lus to wonel fo rmation. poss ibl y inAuenced by uni on already 
accomplished elsewher e , pi e rci ng the non-expanding bark, establi shing 
cambium continuity promptl y and leaving li ttle o r no ba rk inclusion . Som e
times expan sion occurs at points not direc tl y opposite. r esulting apparently ill 
an actual tearing of th e bark. fo l1 mved hy outpouring o f co rti cal parenchyma, 
across which the camhium advances. 

These natura l g raft unions may he con side red to r epresent the processe3 
hy whi ch uni on is establi shed between o ver wallin g calluses with well d e
\'e loped corky surfaces. J n pe rhaps a maj ority of cases the initi a l m eeti ng 
o( the callus lips is denoted by a small remna nt of suberi zed ti ssue close to 
the wound and perpendicular to it ( Fig. 32). The force of the thrust is 
di vertecl outward , tear ing and Ii fting the hark and permitting union through 
a common parenchymatous zon e. 

In large wound s, in which the callus li ps do not m eet for several years , 
the rather ext ensive development o f suberi zed ti ssu e preven ts uni01; for 
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Fig. 1 8~Ear l y stage o f llatura l g raft u lli o n . Bar k cut of[ b y pe ri de rm 
fo rm a ti o n. P r epa rati o n t o rn a pa rt in sec ti o nin g. 

some tim e, until th e upward thrust, ev ident in Figure 22, t ears th e co rky 
layers suffl ciently to permit parenchymatous ti ss ue to join . S()melimes thi s 
docs nol occur until the lips ha \'e hee n in contact se \'e ral years. fn COlll 

parati\'ely ra re cases , union through thi s parenchymatous ti ss ue is hrokcn 
( Fi g . 2.2) hy intru si()n o f ti ss ue from more acl\'ancecl c( l1lti guou s callu s ill 
a tluther plane or by g ruwth advancing in radial <1ircct iun illlpri so lling and 
cutlill g off areas of suheri zed ti ss uc hefo re th ey ca n he p\l shed (Iul hy gr()wth 
f rOIll below. 

III wouncJ s in whi ch th e wooel surface is uninjured, but le ft c:x poscd tn 
a t11l os phe ri c influenccs , the respoll se may l)c ()\,erwalling, or it tnl\' he \ ' fT \ ' 

mu ch lik e " regenerati () n": often it is a comhinati()n o f th e two . 

F ig. l ()- ( 'o lllpk tc l1ni o n in na tural graft. Ha rk in (' lu s io ns a t poi nt o f initi a l 
co nt a('t \\,Ilcrl' pr es s ur es were dir ect ly uppus it e. 

]j EF I ~CT I VE C IU\ FT LN IONS IN THE 

Vigor- Th c ra t e (lr c() \' crin .l:;" or ,,'ouncl s 
o f g rmvt h, Th e wo un d shmv n in Fi gure .23 
Tul v 1<), wh ell th e w( ~ und \,vas made, and tl
l\ efcrence to (hc successi\'e <1 nnuctl rin gs in th 
an llual rin g In s \'ari ed ill\Trse ly with the sil 
cipally in the lat e Slllllm er W(loel. indi cates plai 
on the same dat e in the pre\i ous yea r would 
the same length o f time. 

Vascular Bridges- Tan ge nti a l :,e ct ioll s () 
hes id es co n rlr111in g the ohsen'at ions made 01 

addition that the c()urse ()f the rirs(- for111 ed W( 

ti ss uc is \'ery incg"ular , unclulating' more or le ~ 
g rad uall y a gene ral long itudinal trend: later 

Fig. 20- Initi a l contact 111 a natura l g raft by 

Parcnclw111 atOtlS tissue is at fir st th e most al~ 
ing singly through it. Later it is mu ch recl uc, 
is predomin ant ly 0 f fib ers ( Fig. 24). Th, 
callus lips persists fo r a considerable (ime af 
ing a well defin ed belt runnin g longitudinall y 
su dace. bound ed on eith er side Iw rather re: 
here and th ere a short chain of ~ b o rt \'essel 
yea r of co nta ct o r perhaps not until the thi 
iea \·e the ranks of the bounding organi zed ti 
larl )" through th e parenchyma. ,\lore anc! r 
ordin a ril y f m ill hoth ecl ges : late r scyeral ; 
\,v<Lnd erin g course ~ lnc1 th en one of th ese grot 
cr()ss the parcnchyma elltirely ( Fig. 25). 
which may uc regarded as an aggregatc ray, 
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Vigor- The ra t e of cove rin g- of \\'oumb is ohvi()usly related to v igor 
of growth, Th e wound show n in l<igure 23 healed in the lie ri od hetween 
July ]9. wh en th e wcund wa:'; made, and the end of th e grow ing seClson . 
Reference to the successi\'e annual rings in the stem, wh ere the width of the 
an nual ring Ins \'aried in\Trse ly with the size o f tb e fruit crop , and prin
cipally in the late SU111m er wood, indicates plain ly that a simi lar wml11c1 mad e 
on the same dat e in the pre\'io us yea r would not lla\'C been cO\'ered o\'C r in 
the same length 0 f t ime. 

Vascular Bridges- Tangen tia I sect ion s () f wou nds Ii k e t hose des crihed, 
hesides confi rmin g the ohse n 'ati ons mad e on tran s\'erse section s. show in 
adrii ti oll that the cou rse of the fir st- form ed wood elements in the o\'e rwallin ,c,' 
tissue is \'e ry irregula r. undulating more or less in all d irec tion s hil t assllming 
gradual ly a general long itudinal trend; later- form ed clements cle\'ia te less, 

l'ig. 20- Illitial co ntac t III a n at ura l g raft by bark: pcrforation at O Il C poitlt. 

Parenchymatous ti ssue is at first the most ahundant ( F'ig. 11 ), fihers cours
ing singly through it. Later it is much reduced and th e appearan ce presented 
is predominantly of Jlbers (Fig. 24). The parenchyma which faces th e 
callus lips persists for a considerable time after contact is established, form
ing a well defined helt running longitudinally along the wholl y co\'ered wound 
surface . bounded on eith er side by rather regul a r strands of tracheids , with 
here and there a short chain of short \· essels. Sooner or later , in the fir st 
year of contact or perhaps not unti l the third or fourth. isolated tracheid s 
ICClre the ranks of the bounding organized tissue and wander rather irregu
larly through the parenchymCl. l\T ore and more of th is occurs, pJ'Occcding 
ord inari ly fr()m hoth edges: later several assuc iated \'ag rants f()lIow this 
wand ering coursc and thcn one of th ese groups and f-ina ll .v numbers of th e111 
cross the parcnchyma elltirely (Fig. 2S). The large belt of parenchyma, 
which may be regarded as an aggregate ray, according lo J c[[rey, though as 
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seen in tra nsvcrse sections the cell s appear isodiametri c, is thus cu t into smaller 
rays. As th c bridg ing proceeds, the number of these rays increases a tld 
t heir size decreases. From bridge to bridge ncw conn ect ions de\'elop, takin g
thc refore a less oblique course and the rays a re cut \'e rti cally as well as more 
transversel y . Thus thc parenchyma tous zone grad ua l I y disappear s, the las t 
trace obse r\'alJl e tangent ia lly being a m ore or less undulatory course of the 
fib ers and ultim ately C\'cn this gr ad ua lly st raightens out. 

F ig. 21- U nion of ca llu s h ea lin g b y ove rwalling a surface vvo und 
( whi ch was be loyv th e low e r e dge o f thi s sec t io n) in app le. Same forces 
evi cl e 11t a s in n at ura l g ra ft uni o n , i. e ., in c lu s ion (b lac k a r ea in lower 
ce n t e r ) w h e r e p r ess ur e square ly o ppose cl , ,,·ith s h ea r in g s tra in w h e r e 
press ur es wer e la t e r a l, rupturin g co rky ti ss ues s u fficie n t ly t o permit 
ulli o n of pare nc hy m a ( iml1l ed ia te ly above bark incl usio n ), wh ich is the 
p r eva ilillg ulli o n thro ug ho ut th e fir s t yea r. 

Thi s proccss, it may bc pointcd out , is cssentia lly the making of a graft 
uni on, and thc descriptio n just g i\'cn nccds onl y a supplcmcnt to make it 
a pplicable to co nditi ons occurring in cascs coming under thc m ore u sua l 
acccptance () f th c te rm. J t may he added that th e re is no r egular sharp lin e 
o f demarca ti on running from cnd to cnd of th c uni on . There is at rir sl 
a buffe r z() nc (Jf parenchyma ill whi ch thc ti ss ll es prese rve ll1 ()rc or less 
incliyicluality, accurclill g to their orig in , but in which there is a lso a certain 

DEr<E CTIVE GRAr<T 1:NIONS C\ TI 

Fig. 22-U lli o n o f ovc r\\ a ll 
la rge \\oU llcl a lld Ill ee tin g \\·itl 
t erve nin g . Pa rt o f the co rk 
First ulli n ll tilr o ug'h Jlar e ll c il y 
( h \' h;l rk i Ill' I us iOll s ill uppe r 
fUI~c ulli o ll of vascular t iss uc 
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fig, 22- U lli o l1 of ove rw a llin g ca llu s cove ring .• 
large ,\'o Ulld a nd Ill ee till g with h eavy cork la ye r s in 
t e rv e Jling, Part of th e cork was lost in s ee ti o llill g', 
Firs t Ull inll (h r o ug'h p el r e ll e ll Ylll a wa s ilr(l kcn t wi cc 
(i)y b;l rk illl' lusi o ll S ill upper portion of pidure ) be
for e Ulli o ll or vasc ular ti ss ue ,,'a s es tabli s h e d , 
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amount of im'(Ls i()ll from the Ol1 e s ide into thc lIth er. 111t u thi s Z() Il C r each 
fiber s trand s from both s ides for \'ari ous di s tan ces. S0111 e j()ill ,th e fihc rs 
from the oppos itc s ides somcwhere in the parc nchy mat()lI s Z(lnc. while ()t h cr ~ i 
reach clear acros s thi s z() ne hefore establi shin g c(lnLict. ] ( th e parencln'-
111atous zo ne is broad , thc area o\'(']" which C()lltact is OlT urril1 g is \.' (lrI"C
sponding ly bl:oad; if it is narrow th e Z(l nc (I f C(l lltact is ('(lrrcsjl(ll1dingh' 
na rrow and It Ill a\' C\'C l1 z i~' -z ag' ac ross a \'c rti ccd line C() I111 C ~· tillu s il1 o'le 
xylel:l rays . . Thi :" conccptio;l i:i' in 1i11 e with \\ 'allg h's ~i tatc11l e llt (4.2) ~) ( 
th e 11ll e of unI Oll 111 g rafts . 

F ig. 23~ !\ \\OU ll d s illlilar to that s ho w il ill Figurc 13, 
\\'o ulld Ill ;: d e Jul y 19 . 1927. cove r ed hefo r c winte r. Th e: 
\\ ' idtlt or t lt ~ ;t IIIlU ;t/ rill g- of 192G- lc ss t han th a t foi' lll ed s u h
se qu e llt t() \\oullfiing ill J927- illdi cates th a t a wou lld m adc 
Ull til e sa lli e dat e ill til l' prev io us ye ar probab ly w o uld 110t 
h ave beell cove red ill til l' saili c sea SOll , Th e alt e rll a ti o ll ill 
width uf a n1lu a l ri ll g is inv e r se t o s i:cc of c rop 0 11 tlt is tr ee. 

Orientation Changes- Co n s id e ra t i() n () f \\(lund h l':l 1: 11 g' is 11 , It C() tll 
plete without recognit ion o f th e changes occurrin g in ti ss ues 'adjacent to the 
wounded a rea. Th e. mechani cs o f chan ge of directioll of t i ~;s u e a rran gc
ment h;n e been outllil ed I)\' de V ri es and de:)cr ihecl ill co nsiderable dctail 
by Neeff , whose statements ha\ 'c bec ll rcported already. T o thcm may be 
added a note to th c eff ect that many radi al sect ions o[ ti ssues adjacent to 
amputation w(lunds show a downward displacement , parti cul a rl y in th e 
xylem rays, (hh en ,vise their findin gs see111 in general to he co rrohorat ed 
f(). r th c ~ppl e, c\:cept pe rhaps in regard to tim c required, Th e promptness 
with whlch readju stments ()f direc ti()n. yarying- with th c shape ()f th e 
wound, arc made. is s triking, but the persistc ll ce of th e tran siti on chan gcs 
secms g rea ter than Nee !'! obscl'\' ecl in hi s ma te rial. N(l attempt was mad e 
ill this study to e\'aluate t he se \'e ral factors which l1lig ht co ncei\'a lJly Le 

DEflECTIVE Gl\!\TlT e N TOr.iS T~ TTl 

opcrati \'c in ( 1etcr millill ,~ th c dirccli(l11 or 
in \'cs (i g; t!i( )ll S led him to hl'lic\ '(' th ;L! lqrk I 
illg lisS ll C ()rgallizati()n. stated derlllitcl y til 
furmati()ll al)()\c and hclmv a rill g-W() Ulld ; 
j ustmcn1s were made with primary refere t 

Fig, .2-1 -Tall g'l' lltial \' inl' 01 1m 
s illliLtr t o titat Sit O\\11 ill Fi g ur e 1 
\';1 11('('<1 S (;I),~T 0 1' Sllrl :ICl' hC;l lillg l 
11 :lllri :tt :1 Im\'('1' 11I;lgllif 'lcalio 11 . 
\':t sc lil a r l' il-IlI l' ll ts Illorc prOllOllllC 
l)a r l'llc it YIll ;lt()U S ,~r() l1lld ti ss ue st 
i 11 g' l y (' 11 t () If h.\' \' a S l' I il :t r e ll' III C 11 1 

CCl IlI H'ctio IIS across t i l( ' \\'lIUIHI. 

any c1ifle rencc . Th e s(uch ' here reporte 
d e~ nit c sta tcment, showed,' ill the mater i; 
tho ugh 11()t always ll ()ta bl y , grea ter a1ll0U11 
to \'([ SCll];)r ah()\'(' a rin g- v\'<ll111d- partial ( 
yaScll 1ar direct i()n, h()\\,c\'(']", th e o!JsC't'\';} 
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oper~t i \ ' e ill deter1l1ining- the direc ti()1l () f r e~djll s t111 e 1lt. Dc V ri es , whose 
ill\'Cs ti g; ttil lll S led him to 1)(' li ('\'(' that klrk pressure was th e factor determill 
ing tiss ll e ()q,~' ; l1li t:a til l n, stated definitely tha t 11() diiTclT ncc c:-\ istcd ill ti ss uC' 
fo rmatio ll ahm'e and hclllw a rin g-wuund; NcefT, c(l1ltendi1lg' tll a t all rC:1d 
jUStlll C' 1l ts wcre made with primary re ference to polarity. cl oes IHi t 11l C' nti llll 

Fig', .2~ -Tang ential v i l'\\' 0 1- IOll g' itl1c1in a l S l1rra ~'l' \\ Olli id 
silllibr t o t h;lt Sh O\\' 11 in l ~ i g l1r c lO, t\ sO lll c\\ ha t Ill o r e acl 
V;llll'l'<1 S!;l g'l' o f Sl1d;l Ce h ea l in g thall th a t sh ow n in Fig iliT 
II ;l nrl at ;1 lo\\'c r ll l ;lg'nifi cat i o n , LUll g it uclin a l t re nd or 
v; ISCl lla r Ck l lll' llt S Ill o r c prOl lll lll l ce cl, part ic ularl y at edge s, 
Pa r e ll c h y 111 ;1 t( 1li S gTol1lHI t i ss 11 (' still a bund a n I , !J tl t i nU l'Ll ' j
in g ly CIII ol'! hy V<l SClILtr CicllJ( ' ll h, w hi c h h ave es t a l) li sh erl 
conn cc t ion s ~ l c ro s~; tli l' \\' ()\IIH!. 

any difference, T il e stucl y here r epor ted, th ough to() limi ted to warrant 
definit e statement, showed, in the mate rial e:\: amin ed, a rathn l'o nsisLe ntl\' , 
though not always n(ltabl y, g rea ter amount o f parenchymat() us ti ssue r<~ lati;' e 
to \'ascllbr ahu \'(' ~ rin g-vv () llnd- pa r tial () r c(l1llpl ete- th an hel()w it. l\ S to 
l'ascula r c1 irc'Cli()ll, h()\\'c \-cr , ill(' ()hsC' r\'a li () ll s 1ll :1ck c()111d hC' exphill ed as 
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well on one hasis :1S :111o(hcr. a lth o11 g h it may perhaps he pcrtin cnt to m cn
ti o11 hcre that " hrid g'c " .~ raf( s which ha\"c gTovvn three yca rs wi1h con1:1('t: 
only at th e uppc r end seem cn1irely ll()rmal ill wo()d s trl1cture :1ncl. th ~ rc 
a ppear s to he no r easo n why suppl y of elahorat cd f() ods or the .t ran splr<111 011 
s tream should not h:1\"c hce ll thc chi ef illAu cncc in these readju stments . as 
readily as polarit y. . . 

Asi d e fr OI11 p()ss ihl c cHects of p()brit y. the t r ansp1ra tl on stream .seem s 
to he the dctermining' innU ell l'c . s in ce in numerous wounds. of one kInd or 
ano( her. rcorientat ion is a FfecLed 1)\' (he es tahli shm cnt () f parenchymat ou s 
union. hefore camhiulll or phl ()em u-ni o n is cs tabli sh ecl. 

j. ig. 25-T~lllg(,lltial vic\\' of h ea led prl1llillg w o u11cl , s h owi ll g, Il car the 
cC lller. illiti a l vasc ular brid g ill g o i' jl ~lr e ll c h Y l11at o u s z0 11 C (A- /\I , I ~-B I ). Ov('r
wa llill g ti ss u e a1 s id es. 

In gcn eral the changes in ti ssues adjaccnt to lo ng itudinal wounds may 
he d esc rihcd in thi s way: close to thc edgc o f a narrow long itudinal wound 
th er e is a \'ery m arkeel in crease in th e s ize o f the xylcm rays . particularly 
in th eir tangential di a m ete r. Thi s di sturban ce is g reatest at the edge () f 
the wound, decrcascs with di stance from it and \ 'irtuall y disappears :1.t a 
di s tan ce o r one cm. , or e\'en Illuch less . f rom the wound edge. 

Secondary Wound Wood- Thi s s tage . in the h ea lin g of :1.ctualiy 
woundcd areas, follows th e parcnch ymatous ( primary) stage, and is call ed 
"secondary \>\'OL1I1d v.roocl" by (Ie V ri es. In these adj:1.cent a r cas, h owever , 

DEFECTIVE G RAFT CK TONS It\' T Tr F: 

11 0 primary st:1.ge could he detected. thoug'h c1 
prese nt , e \'c n i ( in \' ery mu ch reduccd for m 
the longitudinal edge . growth direct ioll is not 
are Cjui ckly r es to red , e~cept for the di sturhcm 
wound, wh ere the de \'e lojJment 0 f th e callus st 

At t he end of these long i tudinal wound s 
appearance of \'ascular tissue (the " primary 
soon this t issue reappears, cours ing rather 
ending hlindl y, but m ost o f it t ending to rigl 
Bendin g at the co rn ers o f the wound seems tc 

F ig. 26- Late " primary " \\ OUIle! stagc. Tall . 
t o rin g-\\'o uncl. £\Im ost e ntire ly parcllchYIll 
cour s in g thro ug h it. Di e ba c k has set in a t 
lo w e r ri g ht corn er. 

the g r eater numbe r of strand s con\'crg ing a t 
hroad wounds. a cOll sid erahle pilin g of \,ascu]; 
seen with th e naked eve. 

In ring-wound s the- di sturbances in adjacel 
of mu ch the same nature. but more intensifi ec 
di stan ce from the wound edge. Ncar the \0\1 0 

a lmost a ltogeth e r for a time ( Fig . 26) and fc 
wound it is s till mu ch reducecl in amount ( 
termin cd na ture, but resembling starch , a re ~ 
in wood formed subsequent t o the injury. bu 
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no primary stage could hc dctected, thoug'h dc V ri es insists that it is always 
present, even i fin \'c ry 111uch reduced form. j\long the g reatc r e:-:: tcnt of 
the longitudinal edge . g rowth direct ion is not changed and norm;).1 conditi one; 
;'lI'e quickly res tored, e-;cept fo r the di sturbance at the immedi ate cdge of the 
wound , where the c1 e \'elopment o f the callus still occasions somc irrcgulariti es. 

At the end of these longitudinal wounds there is at flr st a virtual di s
appea rance of yascular t issue ( the " primary wound wooel" stagc) hut \'ery 
soon th is ti ssue reappears , coursing rathcr irrcgularly. with some of it 
ending blindly, but most of it tending to ri ght or to le ft around the wound. 
Bend ing at the co rn ers of the wound seems to be easily accomplished . \Vith 

F ig. 2G-Late " pri1llary" w o unt! s t age. Tan ge nti a l vi ew of ti ss u e a dj ace nt 
to ring- wound . A lm os t e ntir e ly pare n c h y mato u s, but occas io n a l ve sse ls 
coursing throug h it. I)i e back has se t in at num e r o u s spot s , es pec ia ll y in 
lo\\'e r rig ht corn e r. 

the greater numher o f st rands converging at the corners there is, in rathe!" 
broad wounds. a considerahle piling of vascul ar t issues at these points, easi ly 
see ll with the naked eve . 

[11 ring-wound s the di sturbances in adjacent tissues abO\·c and helow are 
of mllch the same nature, hut more intensif-ied, and they extend to a g reater 
di stance from the wound edge. Nea r th e wound. vascular t issue di sappears 
almost altogether for a time (Fig. 26) and fo r some di stance back from the 
wound it is still Illu ch reduced in amount (Fig. 27) . Depos its of unde
termined nature, hut resembling starch , are very abundant ncar the wound 
in wood formed subsequent t o the inju ry, but hecome less common farther 
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back (l'ig. 2~ ). In c()mpletc ring- w()und s . wh en vascular ti ss ue finall y 
rcappears it tend s to C(lurSC al()ng the wo und edges . a t ri g ht an g les t o its 
pre vi ous directi on, and th e CO \T rin g of th ese w Ollnc1 s is principall y hy 
long itudinal o\'c rwallin g tran s\'cr sc to th e s tem. i . e ., with cambium initials 
a rranged a t ri g ht ang les to th ei r u sual eli rec l ion . II owe \'c r, th e conn ecti on 0 ( 

the ad vancing callu s with the ti ssu cs farth er back is maintained chi e R.v by 
long itudinall y cours ing s tra: lc! s . There is . th cn , in a healing w ound o f thi s 
kind, a t fjr s t. a belt o f tr ~l1l s \'e r sc ti ssuc , a b()\'c whi ch ( radiall y outsid e) is 
a belt o f long itudinal t issue ( Fi g. 29). J f th e ring d()es not extcnd entirely 
around th e branch , a ll ti ssu e r corgani zati on is cl unc with r efe rcnce t o the 

l ;' ig . 27- Ta ngc J1ti a l v iew a bo ut 2.5 CIll. b ac k fr o m ti ss li e s hown 
in F ig ur e 2(). P arc il c hy m a t o us ti ss lI e di vid cll a ppa r entl y into aggr e
ga t e r ays. Vcssl' ls le ss co n s pi cuo Li s. Mag nifi cati o n sa lll e as fo r 
F ig ure HI. 

hark hrid ge . dc finit e s trand s (l r c m orc promptl y cs tabli shed. there is less 
waverin g in direc ti on. and th c accu1llulali clIl of \, ~ l scubr ti ssu e at th c corn ers 
o f thc hriel gc is C\'cn ~);realcr than in th e l()n g itudinal w ound. 1 ( thi s w ouncl. 
th oug h no t complet e. s till c1llhraces a c() ns icl e rahl e fracti on o f t he circum
ference , th e re is li kcly to he a " d ead" spot at th e mic1dl e of the edges, where 
the initi a l r es ponse , parench ym a fo rmati () n, procceds well cnough , appa rentl y 
f rom locall y sto red fooel s . hu t furth c r c1 e \'e l() j)ments into the \'ascula r condi 
tion are mu ch retard ed o r entirely lackin g. Thi s seems to indi ca te that the 
parenchyma is a s tri ctly local r es po nse and that th e \'ascula r ti ssue is la id 
d own with re feren ce to general c()nditi ons. These pe rmanently par en chy-

DEFECTIVE CI(AFT UNIONS TN 

~'l1 ato ~l S a rea. m ay he o \'e rlai d g radua ll v 
IS chl eRy h\· la teral .exte nsion , or the\' -1 
O\·e r. I t m ay p()ss ibly be s i g lli~ ca nt- t 
w ound s a ny slig h t projection oi th e w( 
foca l po in t to ward w hi ch th e new \·ascu1. 

:\ T-sha ped wound (Fig . 31) offe rs . 

F ig. ?8-:-,~ra 11 sve r sc vic\\' of a rea 
5 11 0 \\ ' 11 111 ] ; lg ur e 27. A lll1 0st \\,ho ll \, 
c1a r k.-s ta illill g ce ll s appear to be pa~ 
poss lbly s t a r ch . 

nation of lo ng itudina l and tra ll s \'Crsc WUl 

genera l r csem bla nce t() th e injury in th e ~ 
li er e t he gene ral trend o f react ioll is s illlii a 
wound. C lose ulld e r th c t ra ll SHTse ( lw ri z( 
~'ea rra nge I1l e llt is \'irtu;t1l y ~ lt rig ht ;lllg lcs t() 
1I1g except cluse t() th e right a ng le. whu( 
A long the long it udi na l (vertica l ) edge, re; 



nnall y 
to its 
ly by 
nitials 
iun of 
ftv bv 
,( th(s 
Je) is 
ltirely 
to the 

is less 
corners 
woLtnd, 
circLt1l1 -
, where 
)arently 
: conclr
'hat the 
: is laid 
.renchy-

DEFECTIVE GRAFT UN IONS IN T HE APPLE AND THE PEAR 35 

matoLt s areas may be oyerlaid grad ually rrum the sides, by in vasion which 
is chiefly by latera! .extension, or they may dic and subsequently be walled 
mer. It may possibly be signifi cant that ill t hese extensi ve transverse 
wounds any slight projection o( the wound edge immediately hecumes t he 
foca l point toward which the new yascular tissues converge. 

.1\ T-shaped woun d (Fig. 31) offers special interest, since it is a combi-

F ig. 28-Tran s versc vicw of arc a located s imilar ly to th at 
sho\\'ll ill Fig ur c 27. A lm ost w holl y va scu lar ray ti ss uc. Th e 
dark -s taining cc ll s appcar to bc packcd with g ra nular depos it , 
poss ibl y ta rch. 

nation of longitudinal and trall s \'crsc wuullds and further s in ce it has a 
general resemblance to the injury in th e stuck: produ ced by clef t grafting. 
Here the generaJ trend or react ioll is simil a r tu that sct lip 1»), t he transve rs(' 
woulld. Close L1lld er thc t r;ulS \'crsc ( huri z() ntal ) bar or the '1' , t he vascula r 
rearrangement is \'irtuaii y at right an gles t() tl1 ;lt ex ist illg prior to the wound
ing except cluse to th c right angle, where the ti ssue is parellchymatous . 
Along the longitudina l (vertical ) edge, rearrangement in direction is very 
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qui ck:ly establi shed : with a transyerse wuund of 2.5 em. lengt h , there js 
more or less r ea lig nm ent of vascula r ti ssue along the \'ertical bar for nearl:' 
2 C111 . Vascular ti ssue, th en , diverges downward (or converges upward) 
fr0111 (or to) the ends of the ho ri zontal bar, tending to proceed in a straig ht 
line to its appropriate position on the ye rtical bar. The strands bend som e
what toward the right a ng le between the hori zontal a nd the yertical bars) 
but the str a ight-lin e diagonal tendency is very pronoun ced. Thi s type of 
rearrangement h as a very important bearing o n the establi s hme nt of 
som e kind s of g raft uni o n s . as explained later. 

The rearrangem ent ()f ti ssues in the i1l\'erted T - (1 ) -shaped wound is 
roughl y as though a T-wound were v iewed in inverted positi:)11. i. e., the 
vascul a r direction of the new ti ssues a long the ve rtical bar IS downward 
and outwa rd toward the end of the h o ri zontal ba r. 

F ig. 29- Radial v iew n ca r corn er of lowe r e dge of square unprotected 
w o une! . T h e v"ood fon ll ed fir s t aftcr wounding is parc n c h Ylll atou s. Later , 
a d e finite trend a r o und the w o und co rn e r was establi s h ed a n d th e vesse ls 
in t h e l1e\\c s t a nnu a l rin g a r c dir ected at righ t angles to those in th e "vood 
fo rm ed IJcfor e th e wounding. 

\ t\1oun ds occurring more or less f requ entl y in the ordinary ruutin e of 
o rchard wo rk fa ll into two classes, une in which the wuod surface is exposed 
(as when a branch or trunk is " barked" by a wagon ur tillage implement) 
a nd those in which the w ood is cut trans\'Crsely ( pruning w ounds). 

Large Surface Wounds- \ Vo und s in \\'hich large amounts () f wood 
surface are exposed are but modifi cations of the simple long itudinal wound. 
U nd er ve ry fa\'orahlc conditions these may heal hy regenerati on of cambium 
a nd bark directly ()n th e wood surface; under un fav orahle conditions t he 
slower process of ()\'Crwallin g is inv() ked. /\ctuall y many wounds r epresent 
a combinat ion of the two processes ; regeneratiun occurs where concl iliuns 
a re fa \'C)rahl e an d f rum the areas thus cuvered u \'e rwalling cuvers the re
mainder (J.< ig. 32). 

DEFECTIVE GHAFT UN JONS IN ~ 

Amputation Wounds-I\ III pu tati()11 
branch is remo\'ed . cliffer fro l11 the ore 
chie fl y in the fad that the wood ~i u rfa 
a lso in the fact that a stub of woud is 
branch is cut abso lu te ly flush with the s 
stub of wood pro j edin g f rOIll the ster 
the thickness of the hark. (herwallin ~ 
!t can co \·e.r the wound surface: cO ll seq{l 
IS, other th1l1gs equa l, slowe r than healing 
favorab le co nditi ons a slight growth of 

Fig. 30-f\ n approxi11lately radial "ic\\' 
ing a r in g \\'ou nd ahout 0.6 CIll. " ,id e: lll, 

"Vood' s urface un in jurcd: " o ulld protcctc 
c\eve loped o n 'woo d s urfacc, t ho ugh the 
llll e o f thi s parc n c hY11l a is indicatcd by tI 
to those s h o\\'n in 1'\J:.; ur c 7. The ba lance 
from t h e ca ll1biuni advanc i11 g fro111 the \\ 
ve loped r ap id ly c nough to outs trip call1 biul 
a cambium of its 0 \\'11. as a t H. Thc cc ll 
happ e 11in g is alla logo us to th at SII O\\,ll ill 
a n d an in c lus ion of ll eW ba rk is plain. A 
Much of o le! bark t o rn away in sect io ning. 

jacent ti ss ues for a s light distance ()\'er 
g rowth is apparently produced ,vithout 
pirat ion st ream , sie \'e tuhe a rrange lll ent, ( 
elements 0 f one so rt or anothe r occas i, 
isolated and genera ll y they a re without 
cO \'erin g' must await th e o\T rwa llin <r ca ll 
in defil~ ite relation to the rest of t h~ tr ee 
~he side of the stub an d across its tup ( 
lJ1 the r emoyal of the lim b, the in itia l pan 
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Amputation Wounds- A mputation \\ '()ulld s. made " ,hen a late r a l 
branch is remo"cd. differ f rom the o rdinary longitudinal surface wound :.; 
chiefly in the fact that the woud ~; urface exposed is cut trans \"(· rsel y and 
also in the fact that a stul) uf woudis le ft protruding. I ~ \ 'e n when t he 
branch is cut abso lutel" flush with the surface 0 f the bark there remai ns a 
stub of wood pro j ec ti~l g from the stem cy linder for a distan ce equal tl) 

the thi ckness o f th c hark . O\'erwalling callus must surmount thi s hcfore 
it can coyer the wound surface ; consequentl y healing of thi s so rt of wound 
is, other things cqual , slower than healing o f a simpl e surface wound. U ncl er 
fayorable conditi ons a sli ght g rowth o f callus adyances at once from ad-

Fig. 30- A n a pprox illl a te ly radial v ie w o f a p a r e n c h y malo u s ca llu s cove r 
in g a rin g I\"()und aho ul O .() C 111 . w id e; mad e Jul y 19 ; h ea le d in sa m e season . 
\Noo el ' surface uninjur ed: \\ o und pro tec t ed \\'ith adh es iv e tape. P a r e n c hy m a 
deve loped on \\' ood s urface , th o l1 gh th e la tt e r di ed s uhse qu e ntl y: th e o ute r 
lill e of thi s pa r e ll c hYlli a is indicaled by lh e bro k e n dark lin es (I'~- E' ) s imila r 
to th ose sho \\' l1 ill Fi g ur e 7. Th e ba lall ce o f th e pare n c hy m a \\'a s d eve lo p ed 
fr om th e ca ll1biulli a d van c in g fr o m th e \\'o l11ld edge s. Thi s pare n c hy m a d e
veloped ra pidl y e ll o ug h to o ut s trip c<Jm biulll ex te n sion alld in turll it d e ve lop ed 
a cambiuJll o f its o \\'n. as a t R. Th e ce ll se ri es fr o m A to B a r e c lca r . Thi s 
happ elling is a ll a logo us to lli a l S]I OIVIl ill Fig ur e 8. Al C lli e lw o ca lli 1ll .~t 
and an in clu s ion o f n c w ba rk is p lain . A w ood is la nd ( lJ ) in th e n ew b a rk . 
Mu ch of o lel ba rk to rn a w ay in sec ti o nin g. U ppe r edge of w o und a t left. 

jacent ti ssues for a s li ght distance over the wouncl . Thi s pa renchymatuus 
growth is appare1ltly produ ced without l11uch ref erence to pola rity . trans
piration stream , sic\'c tube arrangc1llcnt, or to the general halance, Vascular 
elements of one sort or another occasionally appear, bu t o ften they arc 
isolated and gcnerall y they arc without definite arrangel1l ent. Exten sive 
co vering must await th e u\'C rwalling callus which. in large wound s, f()r1ll :') 
in definit e relati un to th e res t o f thc tree and hy latcral g rowth ex. tcnds up 
the side of the stub a nd ac ross its tup ( Fig. 33) . If the bark is luose ned 
in the removal of the limb, the initial pa renchymatous callus is likely to fo rm 
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along the side or at the hase o r th e s tul), ill s tead of at the edge of the cut 
a nd healin g is co rres polldin g ly delayed . 111 Cln y case' , how ever, overwalling 
o f this circu lar w () und is accomplishcd l)y ~)ro ccsses fUlld cl1l' entall y the sam e 
as those in\'()I\ 'eel in be lling the l()ng itudinal wound. There is the same 
tran s verse eli \'is ion () r cambial cells , cmergence o f new points with changed 
polarity, elongati()n in th e new direction , with , o f course, corresponding 
changes ill the cambium deriyati\'Cs. That the healing is less rapid than it 

F ig . 31- Ne\\' ti ss u e fo rm ed s ub 
seqt1 e nt t o W0 11 11 ding, a t th e right 
0 1' th e v e rti cal ba r and be low th e 
llOri zol1Lli bar , o f a T -s h a p e d 
\\'G um!, m a d e ill sprill g. P r o n o unc
ed diagon a l t e lldency. COll1p a r :.: 
\vi lh Fig ures 44 a nd 82. 

D E I'E CT JVE GRAI'T l 'N T()1\S 11\ 

F ig. 32- H ea lin g of s u rface \1 '0\ 11 ](1 ( 
e dg es ; balan ce bv over\\'a llin 'f Th e <f iat 
thi ckn ess o[ scct fo n . ' ,..., . 

is in the s imple w ound is du e prin cipa ll y 
by the stub ; on ~e th e ca llu s edge has " 
comes m o re ra pId a nd fo ll ows th e sam l 
H ealing proceed s no t onl y fmlll the s id 
ex tent , fr om th e basal end and par ticula r 

F .ig. ,33- J-I ea lin g of prunin g' \I'0 111 HI, n01 
b egJnnJn g a t A a n d l \l . F o ur se a so ns' g 
g um in bra n ch s tum p, 



cut 
IIlg 
lme 
Ul1 C 

gccl 
ling 
n it 

DEl'ECTIVE (; RAPT UN TONS IN TH E APP LE AN D T H E PEAR 3q 

Fig , 32- H ea lin g of s urface \\'OUIl<l Oil ;Ip pl e lillll> , S urface h ea lin g ;It 
edges; ba lan ce by o v c l'\\ 'allin g', Th l' t1 iago ll a l li g ht 1> :l ncl s a r c du e to un even 
thi ckn ess o f sec ti o n , 

IS m the s imple w ound is clue prin cipally t o th e m echa ni cal obstacle pr esented 
by the stub ; once tb e G 1IIll S edge has well surmounted thi s , its g rowth be
comes more ra pid a nd fo llows th e sam e course a s in th e s impl e w ound , 
H ealing proceeds no t on ly from th e s id es o f th e wound , but a lso , to som e 
ex tent , fr0111 th e basal end and par ticularl y fr0111 th e api cal encl . Thi s, h ow -

F ig, 33- H ea lin g o f p runin g WOUIHi , n o t quit e complet c , Pa r c ll c hy mato tl s 
beginnin g at A a nd A I , F Ollr seaso n s ' g r ow th s in ce \\,o Ulltl m a d e, Woun '! 
gum in bran ch s tum p . 
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(' \'e r, proceed s hy late ral extens ion, and in a sec ti on t r(1nsver se t o the ma111 
hran ch th e e lem cllts formed fr om ahO\ 'C or below are cut IOllg itudinally . 

Decapitation Wounds- .\\\·()und macl c hy d ecapit a tin g a hranch. c ut 
ting it hack t() a s id e limh , is c:-isellt iall y but a spec ial case of the amputat io n 
wound. It diffe r s frul1l this in tha t the wound is larger ill proportion t o 
th e hulk of tree abo,"e it- a m a tter which may affect r ap idity o f h ealing. 
It diffe rs, t()O, in that th e t issu e readju s tmen ts on the side oppos ite the r e
m a inin g hran ch lllay hc m or e r a di ca l. Ju st t o wha t d eg ree cambium cell s 
wi ll turn has n o t been d etermin ed from th e material examined. Neeff r e-

Fig. 3-t- Reac ti o n in ti ss u e adja ce nt t o pruning wo und in Ba ld w in app le. 
Ta nge nti a l vicv\' o f main bran ch. oppos it e a la t e r a l whi ch has b eco m c th e 
lea d e r by a ll1 putation o f nl a in bra nch. The secti o n passes through two 
a nnu a l layers , t he divi s io n be in g m a rk ed hy th e dark c ir c ular zo n e n ca r the 
t o p . A t th e ex tre m e upper edgc app ear s w oo el fo rm ed befo r e th e w o und , 
now we ll fill ed w ith wo ulld g UIll . 11llm ediat e ly be low is charac t e ri s ti c se co nd 
a ry w o und woo d. ~with li ttl e d efi nit e tr e nd o [ vasc ular e le m en t s. Th e r e
maind e r is t iss ue farm ed in t h e second yea r . I--I e r e t h e r ea rra nge m e nt o [ 
vasc ul a r c le m e n ts in th e dir ec ti o n of th e n e \\' lea d e r is be tt e r es t a bli sh ed. 
but t h e vasc ul ar ray s in gc ne r a l h ave pr ese rv ed thir o ri g in a l o ri e ntat io n. 
S lowe r r eo ri entati o n th a n th a t r eported by Nee ff [o r Ti li a . This is th e process 
invoked w b (' n c io n s a r e set in la rge s tubs in graftin g. 

DEFECTIVE GH.AFT UNIONS IN ' 

ports cases in which ce lls close tu the si 
s tates specifi cally that tUrllillg of this 
common hort icultural pract ice ()f lllakin [ 
o r less parall el with th e ax is of the si'( 
rad ical turning in t iss ues at S() ll1 e cii sta l 
ex tensi ve. That tu rn illg occurs, bOWe \'e l 
Again the cambium ce ll s \"irtua ll \' di sa 
mass o f parenchyma, ou t of wh i l~h the\ 
the sam e time new ,"essels appcar, Cll tt 
transve rse to the fo rmCl" direct ion . com 
trend toward the new leading branch. 

Fig. 3S- T h e first scason a ft er alllp uta t 
leade r . T hi s ,,"as t il e co ncli t io n at 90 de 
upper port io n o f tile sectio n sh o\\"s arra ng( 
sOll1 e w o und g um appea r s. Carefu l in s)JC( 
and unchanged, ill th e m ids t of gound \\" 
pew vessels result::; frail! r~c.:O!1lbilJr.ttiol1 0 
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ports cases in which ce lIs close to the side brallch ha \'e tu r ned ] 80 , but he 
states specificall y tha t turning of thi s so rt was llut widespread , and the 
C0111111011 horticultural practi ce ()[ makillg decapitatiull cuts at all angle mure 
or less parall el with the axis of the s id e branch sancti o ll s the \,jew that 
radical turning in ti ssues at S0111e distance f r 0 111 th e s id e hran ch canllot k : 
ex tensive. That turning occurs, howe ver, is plain enough (Figs. 34 and 35). 

gain the cambium cell s virtuall y disappea r into an almost h 0 111ogen eous 
mass o f parencbyma, out of which they emerge with ne w o ri entation . A t 
the same tim e new vessels a ppear, cutting across the ste111 almost exactl y 
transverse to th e former direction, coursing irregularl y but with a definite 
trend toward the new leading branch. Again the callus r oll form s, mure 

F ig. 35- Th e fir s t seaso n a ft er a mputation, with r eo rienta ti o n to wa rd n ew 
lead er . Thi s \\'as th e co ncliti o n at 90 deg r ees fr Olll the lI e w lea d e r . Th e 
upper porti on oi t h e sec tioll s ho \\'s arrange lll e nt bcio r e th e prllnill g \\'a s cl o n e: 
SO lllC \I'oune! g UI11 appears . Careful in sp cc ti o n sh ows th e vascu lar rays int act 
and ull changed , ill th e l11idst of gou nc!work of parenchyma . Formation of 
new vesse ls results from re<::o~lIbipf.l.tiol1 of :;ub ~ dividec! ca mbi1.1ll1 ce ll s, 
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or less trallS\'e rSe to the uld stem but approxi mately h l1lg itudinal to the new 
stenl, which is a cO IllPos ite of th e old main stem ami the new le<lder. \Vith 
the new direction es tablished. healing goes on as before, hy lateral extension. 
with perhaps a delayed start where the bark was loosened, retarded at some 
point by mechani cal obstruct ioll. or b\'ored at some point by 1')rox imity tn 
source of carbohydrate suppl y : a radial sec tion through a callus does no!' 
show all vessels cut transversely. Growth from t he upper edge is likely to 

Fig. 3o- Radial view 01' cllll]1u ta ti o n w o und. at approxi· 
matc ly 90 d cgr ees fr o 1ll leader. The wooel forllled befo r e 
pruiling a n d th e pare n Ch j' 1l1 <l 10rJll c d ill1111 ediat e ly alter, a<; 
primary \\'o ulld wooci a r e d ead. The Il ew w ood fo rm e d is 
a llli ost at ri ght a ngles to th e o ld. though the ray s h ave turned 
less. The apparellt dO\\'n\\'a rc1 L'o ur se of th e rays is du e in 
part tn the sec ti o ll CUtti ll g t h em s0 111 cw h at tran s ve r se ly. 
but t11cre is vc r y often. ill \\'o umb of thi s so rt , all actua l 
clo \\' I1\\'a rcl t r Cl1d to th ese ra ys, Th e ca llu s covcri ng th e 
\\'OUIl(! by ovcr \\'a llill g was hl ockccl at it s Iro llt bv ca llu s 
proceed ill g dO\\' n\\'arcl fnml til e rill! adjace nt t o the new 
leader. The irrcgular IlILlllllCr ul it s g r O\\"l h is a tt es t ecl by 
the a lterllation ot ba nd s c u t lo ng itudillall y alld those c ut 
transversely. A s u ccessfu l grafted s tub h ea ls in thi s manner. 

DEFECTIVE GRAFT UN TO NS 1 

?e more rapid and to proceed ;1 1() no' 
lts center (Fig. 36) anci <rrowth ()Il "'t l 
slower (Fig. 37). In F~' llre 3(). \\'11 
the .new g rowth , th e xylelll rays sh() \\ 
a. slwht dow nward trend. Tl;i s 1ll ~1\ ' 
Slllce th e same c1eAection () f rays f rOl;' 

Fig. 37-Appr oxi 1l1 ateh' r adi o 
Figure 36, but frolll tl;c s idl 
leader. Cro\\·th Illuch le ss \' ig() 
eve ll r eac h ed the ril11 o f thL' 
than Figure 3(j. 

wound s (:r ig . 23). This, plainly. is n 
vascul ar ti ss ue . . which c01l\'ergcs 't () "','~ rc 
downward; hon zo nta ll y or upward . 

\11 in all, if it he imagin ed that an ;J 

where the main stem bencl s markcdh' 
same as tb~t ~ou1ld ill th e clecapitati() l~ 

A decap ltatloll wou1ld is, th en, so fa 
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be more rapid and to proceed :-J1on g the arc of the circle as well as toward 
its center (Fig. 36) and g rowth on th e s ie!e opposit e the new leader is much 
slower (Fig. 37). In Figure .')0, where t he section is very nearl y radial to 
the new growth, th e xylem rays show, as they generally do in similar cases, 
a slight downward trene!. Thi s may he co nsidered as du e to bark tension, 
since the same deAection o f rays from th e wound edge appears in longitudinal 

Fig. 37- Approxilllate ly r a di a l v iew or \~' OU 1 1Cl sh own in 
Fig ur e 36, but fron! t h e s ick dir ec tl y o ppos it e th e new 
leade r. Grovd h llluch less v igo ro us a nd nvc r\\' a lli ng h a s n ot 
eve n r eachecl t h e ri m o[ th e s tub . ] ri g he r magll iJi cat ioll 
than Figure 36. 

wounds (Fig. 23). Thi s, plainly, is not indicative of the course of the 
vascular ti ssue. which converges toward the new leader , whether it must go 
dow1lward ; horizo ntall y or upward . 

All in all , if it be i111 agined that an amputation wound is made at a point 
where the main stem bencl s markedl y, the pi ci llre presentec1 is vir tuall y the 
same as that f ollnd ill the cl ecapi tation wot1neT. 

A decapitation wOllnd is, th en , so far as bea ling is concern ed , essentially 
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the sam e th in g as th e amputati on wound whi ch, in turn, is on ly a somewh at 
compli cated surface wound. The hea ling in\ 'olvecl in all is ('ssentiall y t he 
same. Th e parti cular interes t attach ed to th e decapitati()n wound arises 
from th e fa ct that th e cle ft g raft ed s tuh is virtua ll y a decapitati on w ound 
cas e. 

Wounds in General- Thi s sket ch of wound healing in the apple and 
pear, though by no m eans exhaustive, illust rates amply th eir adapt?bility to 
various conditi ons . \ Vounds 0 f various kinds, uncler \'arious envi ronmental 
conclition s, are healecl through the \' e ry variabi li ty whi ch, paradox ically , en
abl es the plants to f()ll ow one r:eneral plan and attain one encl . The readi-

Fig . 38- Thi s fi g ur e a lld the Il ext r e prese ll t all average "su c 
cess ful " c left g raft, ill a rath e r s mall stub (app le). T hi s secti o ll , 
cut c lo s e e lloug h t o tlw t o p of th e s tub to ill c lud e wOllne! g um 
( Io\\'e r r ig- ht), s h ow s t h e diff e r e ll ce ill ulli o ll tis s u c a ri s in g fr o m 
diffe r e llC (,s ill th e spa ce to h e hridged . Oil th e ri g ht , Il o rlll a l con 
ditioll s (Iuiekly es ta bli s h ed ; 0 11 the lef t , Il o t a ltoget h er nor l1l a l at 
1 h e e ncl of th e year. 

ness of transformation of cambium to parenchyma and of formation of 
cambium ill parenchy ma is perhaps the key t o this ac1aptabi li ty, a long with 
the richn ess 0 f format ion and comparat i ve self -suffici ency of parenchyma. 
The eHect of pressure is important. Other matter s seem to be 1110 r e o r 
k ss incic1ental and symptomatic of vari ec1 co ndition s und er whi ch the essent ia l 
processes wCJ r k . Dist inction bet ween th e f ulldamental and the in cidenta l 
in uni o ns of ti ssue wh ere in compatability is e liminated can be appli ed profit
ably to appra isal of ti ssu e \'Jriation s in g ra ft s invoh' ing unions of ti ssu e 
f rom different lnc1i vic1ual s . 

DEFECTI'v'E GRAFT CNION S IN ' 

UNIONS KNOWN TO 

G rafting is essentiall y th e r emova l of ; 
ti on, generally, but not necessa rih' , 0 11 a 
wound healing may ensu e, S in ce-the ci c 
pend ent li fe , this healing process must 
healing is securecl hv plac ing the cion i 
c lose t() that of the stock a nd th er e is no 
A lmost at once- Il e r se sa\'s (' \'en hefol 
in both stock and cion t:VJ;ical react ions 
o rclinary lo ng itudinal wounds. From tl 
s tock, l ~a re n chymatou s ce ll s de \'elop ra r 
tangentIa ll y, ancl m eet a s imilar outpou 
th e G1.1l1hium of the ci(lll. I f th ese ti ssues 

Fig . 39- Lo\\'er lev e l thall sect ior 
dicat e c\ by difference ill s ize of ci 
~ )et\\,l'en stock and c io ll is a s ill Figu 
1Il creasc s th e di s t a n cc b e!\\'e e ll ca l 
pe r s iste ll ce of parcnchl' ll1 ato us uni OI 
o~ th e c left brillgs ccilllhillill e dgc~ 
F igure 38 and, d es pite th e fOrillati o 
uniting, th e uni o n is, 0 11 th e \\'llOJc, . 
le ft in Fig ur e 38. 
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UNIONS KNOWN TO BE CONGENIAL 

Gra ftin g is essentiall y th e r em o\' a l of a pi ece of plant t issu c to a n ew ]oca
tion, genera ll y, bu t not necessaril y, on a noth er plant, a nd p lacing it so that 
wound healing may ensue. S in ce t he cion is limited in its capacity fo r inde
pend ent life. thi s hea ling process must he comparati vely rap id. P rompt 
healing is secured by placing th e cion in su ch positi on that its ca mbium is 
close to that of th e stock a nd th er c is n o obstructi on to t he uni on o f t issu es. 
Almos t at oncc- llc rse says eycn he fore general ca mhi al act ivity begin s
in both stock and ci() n ty pi ca l r eaction s set in , ve ry much the samc a s in 
ordinary long itud ina l w ound s. From th e cut edge of t h e cambium of the 
stock, parenchymatou s ce ll s d evelop rapidl y, pushing outward rad ia ll y and 
tangenti all y, and m eet a s imilar outpouring of paren chy matou s cell s fro m 
the Glmhiulll of th e cion . If th esc ti ssn es m eet squarely . th e coursc of further 

F ig. 39- Lowe r lev e l than sect io n sh ow n in Figu r e 38. as in 
d icated by d iffere n ce in s ize o [ c io n. On th e rig ht th e space 
betwee n stock a n d c io n is a s in Figure 38. but illl prop er a lignlll ent 
increases t he d is tan ce b etw ee n ca ll1biulll edges, w ith resu ltan t 
per sist e nc e o [ pare n chYlll ato us uni o n zo ne. Th e d ec r eased width 
of th e c lert bri ngs ca mbiulll edges close r o n th e left t ha n ill 
F ig u r e 38 a nd. (ks p it e th e for1llat io n o f bark O il th e c ion b efo r e 
unitin g. t h e uni o n is, o n th e \\' ho le, as good as th at sh ow n at the 
le ft in Figure 38. 



46 M ICHIGAN TECHNICAL BULLETIN NO. 99 

development is div er tcd to a morc ncarl y radial dircction. Some of the 
parenchymatous tissue pushes into th e spacc het ween stock and cion ( into 
the cleft in cleft g rafting) wh erc it hecomes a neglig ible factor, for a t ime 
at leas t, except as i t functions tem,poraril y for water conduction . The ti ssue 
pushing radially ontward. however, l)ecomes the zon e of uni on . 

Fig. 40-A cleft g raft in w hi ch n o c io ll was se t in oll e e nd o[ 
the cleft. Lo\Ve r ce llt er is ca llu s pu s hill g through th e c le ft fr o 1ll 
th e c io n . Ovenva llill g calli o f the s to ck m et in th e third yea r , but 
co rk y su rfa ce (b lack lill e ill cc nt e r) a ile! ill s ufh cic llt pressu r e 
prevelltee! lIni o n until fourth yea r. M o r e o r less pare nch y ma at 
ca llus edgcs at a ll tim E'S. J- \o\\'L'Vl'r, co nge nialit y cann o t b e a 
factor h e r e. 

DEFECTIVE G l~AFT UNJOl\S J~ 1 

The Parenchymatous Zone- I t wil 
wounds, union occurs fir st in a zO ll e () 
comes gradually cut up by trach eicls. Yess 
The same proccdurc is followed in the 
If th e fit of stock and cion is particular 
extent and quickly disappca rs (Fig. 38 ) 
however, it may be traccd for somc di st 
the cambium layer s hayc not hccn well 1 

is one of the conditi ons producing tll e ' 
as marking to the unaided eyc the linc 0 

With no cion in the way. thc two wou 
tangent iall y, partly by morc or less of 
regular overwalJing proccss ( Fig. 40). 
process is limitecl in reali l.a tio11 lw the r 
expans ion propcn siti es: Il c \Trthcles :; th e 
zo ne of pare11 chymatol1s ti ssuc is th cre 
and it is subjcct to in y;tsio11 h\' occasi()llc.t 
Cambium uni on apparclltl.\' t'akcs place 
ametric, as th cy ha \" c hecn show n tn hc 
and parel1 chyn{atous ti ssuc is st ill tI1 C rc 
to be the prcvalent c0 11di tion s in u11i on 
I-Terse. As in other cascs . 11mvc\·er. tan ! 
sets in and thc camhium products inc; 
The parenchymatous zone docs not hear . 
ti ssuc at the ou tset. hut it i11l'1'e,\s in (2'I\' as 
the last di stillg-ui shahl c rC111nant (;( it 
grcatcr width than th e adjace11t rays, (1< 
tripl c in a region o f hi -scriatc r~,\"s. 

This process may be traced - Ycn- rea 
reprcsent two l11agnihcation s of the' same 
tiol1 s showing hig'ber le,'cJ s of 1he ull io n 
on one side ( Fig. 38) clu c to hctter pI; 
sizc , leaving Jcss space betwee11 stock ; 
represcnt conditi ons wh ere th c ulli oll w. 
pears in Figtlrc 39. The cion olw ioush' 
on the left in a tangential dircc ti OIl hcfol 
thc callus fro m thc stock. TT erc !::Towth c 
radiaIl y inward in th e direction ~f slightc 
cecd in making its wa}' outward can hc tr,l 
cut edg'e of the cion. Bc r orc thi s could he 
as in the natural graft. 

The callus from thc stock shows, in tt: 
cion. Apparently it was ex tending tang( 
when it met the new growth fro111 th e c 
ducing a rough approximation to thc ' 
(Fig. 8). The tangcntia l impul se co ntin 
uni on, through the parcnchymatous zone, 

Initial Effect of Cion on Stock Th ( 
important eli fr crcncc bctwccn th c initial h 
of the graft. If. as has becn shown. a ' 
from a branch, the first definitc vascula' 
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The Parenchymatous Zone- I twill lJe recalled that. in h ea lill ~ of 
wounds, union occurs fir s t ill a ZO ll e of pa renchy matoll s ti ssue which be
comes g radually cut up by tracheids. \'essels and fiher s and finally di sappears. 
The same procedure is fo llowed in the healing of artificial graft uni ons. 
If the fit of stock and cion is particularly close . th e zo ne is "e ry limited in 
extent and qui ckly disappears (Fig. 3R). Tn a large proportio n of g ra ft s, 
however . it may be traced fo r so me di stance. parti cularl y in cases in whi ch 
the cambium layers have not heen well matched ( Figs . 3R and 39). T hi s 
is one of the conditi ons producing th e "gTeeni sh " zone noted by Goeppert, 
as marking to t he unaided eye th e lin e of union. 

\ iVith no cion in th e way. the two wound edges of the stock would extend 
tangentially, partly by 1110re or less of rac1i<ll expan s io n and partlv by the 
regular overwalling process (Fig. 40 ). \ Vith the c ion inter venin g, this 
process is limited in r ea li za ti o n h v the presence (If cion ti ssue with its o wn 
expansion propens ities : ll e\'c r th e l es~; th e tendcnc y is always prese l1t. T he 
zone of parenchymatous ti ssu e is therefore s uhj ected to no littl e pressure 
and it is subj ect to in \'(ls ion hy occas iunal st rand s fro1ll s tock a nd fro l11 cion . 
Cambiul11 union appare1ltly takes place with the call1IJiulll cell s s till isodi
ametric, as th ey ha\'e hee n s how n to he in the neig hho rll oocl 0 f all wounds. 
and parenchymatous ti ss ll e is s till th e result of its activities. T hi s appears 
to be the prevalent co nditi o1l s in uni ons of spli ce g rafts, as d escr ihed hy 
Herse. As in ot hcr cascs . howe vcr. tan gentia l (latcral) pressure ultima tely 
sets in and the camhiu1l1 prn<1t1cts in creas in g ly a ssume normal char acter. 
T he parenchymatous zo ne d ocs no t hear striking rescmhlan cc to vascular ray 
tissue at the outset. hut it inC1"c;ls ing ly ass umes that appearance . a nd , indced, 
th e last distingui shahl c re1llnant of it is so metimes an aggregatc ray of 
grea ter width than thc adjace nt rays, doublc in a r egion of uni ser iate and 
triple in a region of hi -sc ri ate r ~,ys. 

Thi s process may be traccd \'e ry read il y in Fig ures 41, 42, 43. which 
represent two magnifi cati o ns of thc same or ncighhor ing sec ti ons. Prepara
tions show ing higher lc\'el s of th e uni on prese nt cd a much smoo th er union 
on one side (F ig. 3R) due to hctte r placing of th c cion and to its larger 
size, leaving less space het ween stock and cion. The views sh own here 
represent condi t ions where th e union was not formcd im1l1 cdi ately, a s ap
pears in T'igl1re 39. The cin n o lwi ol1 s1y had time for so me little expansion 
0 11 the left in a tan.~-e nlial direc ti on hefore it rcccivcd a ch cck from m eeting 
the callus from thc stock. TTcrc ,!2Towth came to a dcfinitc stoP. after turning 
radially inward in the direction of sli g htcr pressure, and t he fir st ray to suc
ceed in m3 king its way outward can l)c traccd to its orig in wcll away from the 
cut edg'e of the cion . TIcfore this could happen, the bark had to be t orn apart. 
as in the natural g raft. 

The callus from the stock shows, in turn, the effect of pressure from the 
cion. A pparently it was ex tcnding tangenti ally ( laterally) across the cleft. 
when it met the new g ro wth from the cion and was pushed outward, pro
ducing a rough appr oxi m ation to thc "bush " appearan ce already noted 
(Fig. 8). The tangenti a l impul se cont inued, however, and l111a11 y produced 
uni on, through the parench y matous zo ne, with the cion. 

Initial Effect of Cion on Stock- Thc prese1lc e ul ilJ(' c i()1l 11l a k es \lll e 

i111portant difference be tw ce1l the inilial hea li1l g- of a s imple wuull(l and that 
of the graft. If, as has been sho wn , aT-shaped piecc ()f hark: is rcmoved 
from a branch, the first del1nite vascular trend to be established in tissues 
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F igs . 41 a nd 42- Th ese presc n t d e tail s of unIon In sen es s ho\\· 11 in Firrures 38 
a nd 3<). In Fig ur e 41 th e t iss u es o f s tock a nd c ion appea r to jo in in a ~0 1ll1ll 011 
vasc ul ar ray i\ to BBI ; ill Fig ur e 42 tiJ e ulli o n is at th e rig iJt of th e ray. LIl b o tiJ 
th e prepondera nce of ,,·ood parenchyma ce lls a nd the sca rcity of vesse ls, in th e 
uni o n zo n e, are clear. T h ese pictures a r e r eduction s of large picture s, tak en in 
~cct i on s and matched. . 

DEFECTIVE Cl(AFT UN IONS IN 

along the uprig ht ( lungitudin al ) bar 
of the end s of the h uri zontal ( tran s\·e 
sertecl in th e c le ft, howeyer, the trend 
d irection , i. e., toward the cioll. Thi s 
in a som ewhat ach ·ancecl stage ill Figu·I 

Fig. 43- :-\ sec ti o n close ly acij( 
cO l1r se of vascu lar elemcnts, S0111 

and some below it; a ll thi s occur! 
the sallie con di t ion, viewed ill all( 
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along the upright (lungitudinal) bar of the T is in the general direction 
of the ends of th e hurizontal ( tran sve rse) bar of the T. \Vith a cion in
serted in th e cleft, however, the trend is upward in th e opposite tran sver se 
directi on, i. e., toward the cion. Thi s is essentially the same as that shown 
in a somewhat advanced stage in Figui-e 44. In general, however , it w ould 

Fig. -1-3- 1\ sect ion c lose ly adjo illin g the prcceding. Diagonal 
cO l1r se of vascu lar e le lll ents, som e pass in g above the xy lcm ray 
and some bela,\, it; all this occurs in th e stock. Fig ure 44 sh ovvs 
the sallie condition) vi~wed in another plane. 
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appear that the cion itself is the more ac ti,oe agent in actual bridg ing of the 
parenchymatous zone and the peculiar turnin g of the vascular elements or 
the s tock is affected in some degr ee by the continuity of the parenchyma con
necting s tock and cion: certainly the turning hegins with no connection be
tween s tock and cion other than parenchymatous. This coi ncides with obser
vations on numerous specimen s of wound ', indicating that in reorientati on 
of ti ssues the transpiration stream- or polarity- is the decisive factor in 
direction determination. 

Variations in Union- Diffe r ence s in detail of h c:a lin g . cl e p e ndill ~ 
partly on cIo enes of fit and partly on conditions a t adjoining points, appear 

Fig. 4-l- A c left g r af t e d s toc k af t er 
tile c io n \\ '<15 pu ll e d out. Tile c io n in 
Au e llce is ev id e nt in th e cha nged o ri e n 
tation of ti ss ue. ill contra s t with that 
SllO'vVll ill Figure 31. 

in the series shown in Fig'ures 45, 46, 47, 48. 49. These pictures were 
all taken from the same g raft , F igures 45. 46 and 49 being taken at one 
side of the cion and l< igure. 47 and 48 at the o th er. U ni on was cs tahli sh ed 
quickly at the rim 0 ( th e stock on both s ides and very readil y along the right 
side; in fact it had reached th e s tages shown in thesc pi ctures before there 
was any vascul ar conn ect ion on the left except at thc rim. J n Figures 45 
and 46 the callus from the stock had ex tcnd ed so far that th e xy lcm rays 
a re cut almost radiall y. Figurc 45 shows thc uni on o[ parenchymatous out 
g rowths , forming a continuous parcnchymatous zo nc : Figure 46 shows 
an early stage of cutting of this i11to rays by vascular s trands (rom th c cion , 
before vascular bridges are established. In t hi s particular spcCImcn, 

DEFECTIVE GRAFT l'NIONS 11\ 

vascuhr union was establi shed fir st at 
() f the cion and later at an intcrlllCcl 
followed. hut most o f the fina l uni on 
flr st-estahlished , rath er than hv contin I 
this point 0 11. dC' Tloplll ent (allowed 
and 48 and in the seco nd vcar after 
locat ion ()( thc uni on could be detern 
vcry . mall knurls. 

Fig . .J.5-This a nd the thr ee s ucc ce 
ge ntial vie\\'s of the parenchymatous 
a r c fr om s ub sta nti a ll y the sa m e sect ic 
one si d e of the c iL)n \ \·here the \\'ound 
the o th e r s id e of th e c io ll w he r e lh e 
m o r c qui c kl y. In th e fir s t t\\"() th e ci, 
f 0 11 r t hit i sat the I d 1. 111 tile Ii r s t 
ve lopc d 011 the s tock, a s ShO\\"I1 1)\· th 
Figure .J.S d ep icts the initial s tage 'of c 

The g reater thc space to be bricked 
. b 

vascular Imclges toward hori zontal cir 
v iew of a r egion " 'h e re thi s is occ ur 
vascular bridge crosses aho \' e one ra\' 
should he add ecl. how " oer. that thi s n;n 
hut may occur. apparent ly, wherc" er 
a re occurring . 

Union of Bark- U nion of bark be 
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vascular union was establi shecl fir st at the rim o f the stock, then at the base 
of th e cion and late r at an int ermediat e point ( Ii ig , 47 ), O th er bridges 
foll owed, but most of th e final uni on was establi shed by expansion o f the 
flr st-es tabli shecl , rathe r than by continued formati on of new, bridges , F rom 
thi s point on, de\' elo])lllen t foll owed th e course indicated by Figures 47 
and 48 and in th e seco nd year after g rafting the only trace by whi ch the 
locati on of t he uni on could be determined was a poorl y defin ed se ries o f 
very small knurls, 

Pig, 45-Thi s a nd th e thr ee succeedin g fi g ur es fo rm a se ri es o f ta n 
ge nt ia l v ie \\'s of th e p a re nc hy m a t o us w o und zo ne in a cle ft g r af t. Th ey 
a rc fr o m s ub s t a nti a ll y th e sa m e sec ti o l's, th e fir s t tw o be in g ta k e n fr o m 
O l1 e s id e o f t h e c io n \\h e r e th e \\'o und zo ne is w id e and th e last two fr o m 
th e o th e r s id e o f th e c io n \\' h er e t h e rlt '.;.' a s c lose r a nd uni o n es tabli sh ed 
ma rc qui ckl y, In th e rlr s t t \\' o th e c io n is a t th e ri g ht; in th e third a nd 
fo urth it is a t t h e Id t. In th e rlr s t t\\' o a n o ve rw a llin g callu s ha s d e
ve loped o n t he s toc k , as s ho \\'n b y th e r a di a l c llttin g of th e xy lem rays , 
F ig ur e 45 cl ep icts th e initi a l s tage of contac t , pure ly pa r e nch y m a tOllS, 

The g reater the space to be bridged , th e g r eater is the t end ency of th e 
vascula r hridges toward hori zonta l circumferential g rowth. A transverse 
view o f a r egion wh e r e thi s is occurrin g is s hown in Fi g , 43. H e r e th e 
vascular bridge crosses above one ray fo r a space, and then below it . It 
should he add ed , howeve r, that thi s co nditi on is not confin ed to g raft uni ons 
hut may ~ccu r , apparentl y, wh erever r<lc1 ical changes in g r owth di re:.:ti on 
are occurring. 

Union of Bark- U nion o f bark b etwee n st ock a nd c io n u sually pre-
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sents little diffi culty. Sometim es, ju s t as in wound uni ons . ther e is g rowth 
o f parench ymatou s nature fr um the c ()1-t i c~1 r eg ions . es t~h l i s h i ng a uni on 
between s tock a nd ciun . \ Vheth e r thi s is es tab lish ed o r not, ne w bark is 
form ed as soon as th e camhium layers unit e; for a tim e th e t issue is 1110 re 
o r less parench ymatou s as is th e ti ssue in side the camhium. hut phl oem fo rma
ti on seem s to begin concurrentl y w ith the a ppea ra nce oE vascular xylem at 
th e point of unio n. 

Fig. -to- T rac il e id s c l1l t i1l g t ilr o l1 g h pa r c n ch y m a. Ill OS t Iy Ir o lll c io n (at 
ri g ht ). C iOll presc 1lt s a pp l' ar ~I1l C(, 01 second a ry wO l1nd wood . r esemhl ing 
Fig ur e 27. 

Covering of Stub~j\ n () th e r ve r y impo r t a nt d e ta il o f g raft uni o n s . th e 
coveri ng oYer o f th e s tub of th e stock. is di scussed on a la ter page. This is 
principally a m a tte r of g rowth r ela ti ons, essent ia lly qui te di s tin ct fro m 
ma tter s of congenia lity . So far as conce rn s uni o n by g raf ting, in co ngeni a l 
pla nt ma terial, it is v irtua ll y the sam e process as tha t by whi ch a n amputa
ti on wound is fi na ll y healed . \ tVit li s lig ht except io ns, nothing has been ob 
ser ved in th e one that has not heen obse rved in the oth er. 

Shield Bud Unions~Th e uni o n acco mpli sh ed by s h ie ld hudding vari es 

DEFECTIVE GHAFT l.." N ION S r~ 

w ith the a m oun t of wood taken v.'itl
a m ount o f wo()d is prese nt. as in chi! 
in se rti o ns . the uni un may be r eg'a rele, 
se nted hy th e inlay g ra ft descr ihed O J 

wood in th e shi eld , pre \'ious pu1Jli she 
a min ecl in thi s s tud y, ag ree in prcsen 

F ig. 47- Vasc ula r b ridgcs est:lhl ish e 
t h e initi a l stage 01 r csln rat io n of 101 
in g r api dl y c ut int o aggrega tc ray s. ~ 
at left. 

pa rench y m a g iven off f r0111 stock me 
T he wid th of thi s zO l1 e va r ies wi dely 
w ith whi ch th e shi e ld is p ressed agai l1 ~ 
appear a nce of the norma lly fo rmed w( 
Follo wing uni on by pa re ll chym~. 11 0 rtl 

by th e shi e ld camhium in the same s ea~ 
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with the amount of wood takcn with th e shi cld . \Vhen anv co nsi dcrabl e 
amount o f wood is prcse nt. as in chip-hudding or C\'en in S();ll C shi eld hud 
insertions. the union may be regarded as a graft. Thi s c()ndition is pre
sented h.v th e inlay g raft desc ribed on a lat cr page. J\ s to unions with no 
wood in the shield, prc \·iou s publi shed acc()unt s, and th e preparati ons ex
amined in this study , agTec in prcsenting the union as cs tahli shed through 

Fig. 47- Vasc u la r hridges esta bli s h ed anc1 SO lll e cross in g bet wec n bridgcs, 
th e initi a l s tage of r cs tprat io n o f I0 11 g itudin a l l'O urSill g. P are 11 ch Ylll a be
ing r ap idl y c ut int o aggregate ray s. S() lll e ve sse ls in vasc ular hriclgl'. C iOil 
a t left. 

parenchyma g iven off from stock meri stemati c xylem and shield cambium . 
The width of thi s zo ne varies widely, apparently in accord w ith the force 
with which th e shi eld is pressed again st th e stock: th c parcnchyma has every 
appearance o f the norma lly formed wound rcacti on tisstlc already described. 
Following uni on by parench yma, normal xy lem mayor may not be formed 
by the shi eld camhium in the same season . 
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Beyond- in a latera l sense- th e edge of the inserted shi eld, typical wound 
reaction xylem form s on th e s t()ck, pa rench ymatous und er th e co rners 0 f 
the raised bark flaps, well organized nea r th e shield. This unites so smoothl y 
with the shi eld that th e line of uni()n is not always obvious and the unwary 
may eas ily consider th e uni on to he along the tissues g rowing from th e 
bark-flap , when in reality it is often some di stan ce inside. In other words. 
wound reacti on xylem of the type shown in Figure 10 may push . up from 
the wood surface of the stock, between th e bark flap and th e shI eld. A n 

Fig. 48- Morc adva nccd stagc. Kllurl dcvclopin g. Cion at le ft. 

extreme case of this g rowth is shown in Figures 8 and 50, whi ch depict a 
stock on which the shi eld fail ed to unite. 

The promin ence 0 f paren~hyma in t~le ca~es described seems to b.e g reater 
than that found by P roebs tltlg ( 31) 111 unI ons of PnlJ1US domcs/lca on P. 
((,ras ifcra . His s tatement that "th~ cambium c~ll s of the scion have form ed 
medullary rays cells if they were 111 contact wIth ray cell s, and xy lem ele
ments if they were in contact with xylem elements" seems to imply t~le ab
sence of parenchymatous tissu e at th e uni on . No appl e or pear maten al ~x
amined in these studi es showed nni on without mor e o r less parenchyma 111 -

DEFECTIVE GRAFT UN IONS IN 

tervenin g. Parenchyma plain ly can not 
uncongeniality in the pear and the app 
had mad e excell ent subsequent growth 
bark, whi ch itwoh 'ed no qu es ti on of ( 
howe\'er, that unusual amounts o f pan 
uni ons that are no t wholl y congen ial. 

Correspondence 0 f ray cells on stoel-; 

Fig. -i9- Firs t vasc ul a r cO llll cct iOIl bet 
High cr l1I ag llificat io ll of a stagc SO l1l c\\'h 

freq uen tly, but by no means cOllstantl 
spondence may exceed the freq uency E 

culation 0 f the la ws 0 [ cbance. it IllLl S 

develops 1110re rapidly from th e ray ( 
tbat it occupies the 1110st ad vam'eel pos 
the callus surface ( F ig. 9). The chel 
par~nchY111a is there [ore g reat. It is, 
number of rays sho uld exhibit some 
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tervening . Parenchyma pla inl y cannot be regard ed as f ey sc a symbol of 
uncongeniality in th e pear and the apple. s ince it occurred in g ra fts which 
had made excell ent subsequent g ro wth a nd in wound s nlad e by lifting the 
bark, which i,woh 'ed no qu es ti on of congeniality. Thi s does not m ean , 
however, that unusual a mounts of parenchyma may not be present in bud 
union s that are no t wholl y congenial. 

Correspondence of ray cells on stock and cion in bud unions is apparent 

Fig, 49- Firs t va sc ula r cO lln ecti o ll betwee ll s tock a nd cion. Cio n a ll ri g ht. 
H igher l1l ag ni ficatioll of a s tage SO lll e\\'hat succeeding that show ll in Figure 45. 

frequentl y, but by no m eans c011 s tantly. Though the cases of such corre
spondence may exceed th e frequency es tablished by rig id mathemati cal cal
culation o f the la ws of cha nce , it must 11 0 t b~ o verlooked that pare nch yma 
develops more rapidl y (rom th e ray cell s, and expands as it de \'elops, so 
that it occupies th e 1110s t advanced pos itioll in , and an undue proporti on o f, 
the callus surface ( Fig. 9). Th e cha Il ce () ( ray pa renchyma meetin g ray 
parenchyma is therefo re g reat. It is, then, but natural that a conside rable 
number of rays should exhibit some continuity, even though in the ma-
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Fig. 50- P ea r s toc k 0 11 \\ hi c h a ll ill s l'I'tecl shi eld bud failed to unite. and 
a ll ti ss ue S 11 0 \\'ll is de riv ed [rom th e s urface of the s tock. Ray continuity i .; 
virtually perfec t here. 

j ority of cases it is n(Jt a s traight lin e cootinuity, and thuug h th e bending 
which maintain s it is nl)l a lways in th e same direction, as would be the 
case in ti ssue cl e \'e l()pin g und e r lateral ten s ion . }(ay continuity is naturally 
1l1ore abundant. o r more oh\·iol1s . in uni ons in which parenchyma develop
m ent is s light , but it appears tu be no mo re sig nificant than that, in the apple 
and the pear. 

Graft Unions in General- In gc n eral. p e rhaps th e m os t st riking and 
s ig nifi cant- for purposes o f th e present di scus s ion- characte ri s tic of a 
"normal" g raft uni on, as it is of w ound uni ons , is the variability of methods 

Fig. 51- Bud uni on of appl e o n apple , f r0111 fir st grade nursery stock. 
Un ion is \Yell within th e bark flap s, at po in ts indicated by arrows on figure , 
This is th e C01111110n condition. 

DEFECTIVE GRAFTC NIOKS lK 

by whi ch th e same ultimate cnc1- u 
unions are 1l1 o re uni forml), protect ed 
w ounds and since th e surfaces arc 11l ( 

g rafts than in wounds, the chi e f source 
In g raft unio ns the exactn ess of fit beh 
und erly ing var iati on in uni on processe 
di sturbances a ri s ing from poor ~t a re 
fit s can be both good enoug h to permit 
preven t r es to ra ti on () f no rmal coml i ti 
h oweve r, cases of aclmittedly l1nconge n 

F ig . S2- A de tail frOIll Fig ure j 1. s 
eve n in a mos t successful uni oll . 

UNIONS KNOWN TO 

Between a study of g ra ft unions kn o 
g raft union s whe re conge ni ality is plair 
thrown 0 11 cases where llllco ngc nialit.\' 

Proebsting (30) has report ed Oil 11111 

old nursery trees in\'ol \'ing nU1ll crous 
statement is to the effect that in th e WI 

bark with corb' ti ssu e o f ind etermi n 
being in each ca~"e characteri sti c of the 
nearly to the poin t at \vhi ch th e cambiu 
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by which the same ultimate encl- unioll- is ;(cco111pli shec1. Si nce gra ft 
unions are 1110re uni form ly pr()t ec ted fro1ll at1llosph eri c inAucnces than 
wounds ancl si nce the surfaces are Illore uniforml y prepared for uni on in 
grafts than in wounds, the chief sourccs () f \'a ri atioll are somewhat different. 
In graft unions the exactness () f fit between stock and cion is th e chief factor 
underlying variation in un ion processes. \Vithin limits, th e difficu lti es and 
disturbances ari sing from poor (1 tare g rac1uall y O\'e rcome. \ Vhether some 
fits can be both good enough to permit the cion to grow and poor enough to 
prevent res toration of normal conditi ons, is still t o l)e discussed. I"irst, 
however, cases o f adm itt edly un congeni a l g rafts cla im consideration. 

Fig. 52- A det a il fro111 vigure 51, s h o\\ in g deve lo pm en t o r pa r en chy ma , 
even in a m ost s uccess ful uni o n, 

UNIONS KNOWN TO BE UNCONGENIAL 

Between a study o f graft uni ons known to he un congenial and a stud y of 
graft union s where conge ni ali ty is plainly not a factor, some lig ht should he 
thrown on cases wh ere l1n congeniality is suspected. 

Proebsting (30) has repo r ted on uncongcn iali ty as obsen ed in one-yea r
old nurse ry t rees in\'oh 'ing numeruus interspecifi c g rafts of Py rus. JJi s 
statement is to the effect that in th e weak union s there is a double layer of 
hark with co rky ti ssue of indeterminate orig in between them, the l)ark 
being in each case characteri sti c of the spec ies. Th e Iaycr of bark "extends 
nearly to the point at whi ch the cambium layers * * * were placed in con-
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tact a t the t ime the g ra f t was made * * * It would appear that soon 
a ft er g rowth had started , the region 0 f the cambium which lay at the line 
of uni on ceased to fun cti on. As g ro wth co ntinued above and below, a laye r 
o f bark was la id down by the cambiums 0 f both stock and scion. The resul t 
is a formation closely resembling in its fi nal conditi on that described by M ac
Daniels in narrow crotches. The layer 0 f bark pinched between the xylem 
on either side fo rms a line of mechani cal weakn ess . It is doubt ful whether 
such a uni on would suryive the second season, when a la rger leaf surface 
would prov id e a g reater res istance to wind movement and place a g rea ter 
strain on the uni on ." 

T hi s statement prov ides characteri sti cs su ffi cient for ident i fi cati on of un 
congenia lity, but since th e cases whi ch occasioned thi s prese nt study have 

Fig. 53- Cle ft g raft , pear o n app le. T hird season a ft e r g raf ti ng. Un io n 
esta bli sh ed a nd brok e n seve r a l ti lll es . 

persisted for several years it seems desirable to set fo rth condi tions 111 

grafts whi ch, though admittedly un congeni al, live fo r an indefinit e term of 
years. 

Pear On Apple 

Gross Appearance- T he g r a ft o f pear on appl e ll sed in thi s study w as 
of Bartlett upon Tolman Sweet , a vari ety which has been repor ted occasion
ally as a better stock [or pears than most apple va ri eti es. T he cions were 
set in branches about one and one-ha l [ inches wide. in a tree about 35 years 
old . Of cioll s set in eight or ten s tubs, ol1l y one g rew; thi s made 19 inches 
o f g rowth th e fir st yea r , about one inch in th e second and when cut , in June, 
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1927, it had completed its grow th for 
the thi rd season it had blossomed, hut 
su rvived to th e next season is qu cst ioll< 
dence of di ff erence f rom other gra ft s, 
VIgOr. 

Fig. 5-l- Pear ( Io\\'er left) 011 ( 

bridge esta lJli s il eu ve ry ear ly, but i 
d epos it s of o ne kinu or a not her. 
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1927, it had completed its g rowth (or the year at abuut one-hal f in ch . In 
the third season it had blossom ed, but set no fruit; whether it w ould have 
~ ur vi \'ecl to the next season is qu es tionable . Externall y it presented no evi
dence of difference from oth er g rafts, a side from th e marked decrease in 
r Igor. 

Fig. 54-Pear ( lowe r lef t) 0 11 app le ( lower right). Vascu lar 
IJridge es ta bli s hed ve ry cZl rly, but illordi1late Humb er of ce ll s have 
depos it s of o ll e kind o r a no t ile r. Breakdown visibl e a t top. 
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General Internal Condition5- Int e rn a ll y thi s uni o n ( Fig. 53) prc
~;e llted marked diffe rences from that of apple on apple ( Figs. 38 and 39). 
J IlStead 0 f sta rting poor l.\· a nd hecoming hetter, it started well and became 
w urse, as Proebs ting (30) has re ported of uthe r un congenia l combinations. 
At various lC\'cb it prcse nted str ikingly different appearances , but these varia
tions in deta il seem throug hou t to be but ya ried mani fes tations of the same 

Fig. 55--UeF t g rai t , ]l ear ( leF t) on apple. Dis turbance as s how n by 
depos its cx te llds t o so m c di s ta nce fro 1ll ulli o n lin e. U ni o n e ntir e ly 
paren chy matou s, ho t h ill fir s t alld seco ll d yea r s. 

unde rl y in g tend ency. /\ CJuasi-uni o n , \'ary ing from formation of paren
chymatous zo ne to estahli shm en t ()f \'a scular hridge ( J' ig. 54) occurred soon 
after growth started. In (Jne f() rm or another. this persists to th e end of 
the fir s t yea r . In the pare nchyma l uni ons g ro wth lags hehind that on either 
side. Thi s is, h()we\"cr. nut in ihc l r a SYlllJ>LUIll of un c() ngeniality, s in ce it 
occurs in ordina r y grafts an d c \"en in no rmal wuud u [ r ed oak, where the 
contour of th e a nnual ring is nla rked ly depressed by the slow g rowth of 

D EFECTIVE G RAFT UK IONS 11\ 

the large wooel rays (20). The cliffe 
genial g r afts is not the sIO\\" grOld 
d e veloping afte r m os t o r a ll of th e 
o r som etim es possibl y 11 0t until sprin! 
SUl11 es in th e fo ll o wing spring in th e , 
narrowing of the parenchymal area the 
tour. In the pear-apple g raft. normal 1 

Fig. 50- Pear ( rig ht ) 0 11 apple, Il ea l' th 
tra lls vcrsc cour se of th e vesse ls ill the s 
a nd cio n afte r fir st \'ear. III thi s case th 
llcctioll ill bark b el\~"ee ll stoc k a lld cioll c 

t he uni un b ut at either side. Eit her be 
a ft erward , some u f the ti ss ll e at the uni ull 
di es . This happens C\ 'C ll in cUlllparati \ 
58 and 51). The new ti ss ll e is i11\"a ri 
cases presen ts essentiall y a new g raft u 
l11atous union is of short duration. Va 
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the large wood rays (20). The difference between un co ngenial and. co n
genial g rafts is no t th e s low gro wth at th e uni o n. but in a condition 
develop in g after m os t or a ll of th e g rowth fo r the ycar is completed. 
or sometimes poss ibl y not until spring. In congenial unions, g rowth re
sumes in the followi ng spring ill the depressed a rea and with the g radual 
narrowing of the parenchymal arca the an nua l ring presents a ulli form con
tour. In the pear -apple g raft. normal g rowth ordinarily does not r esume at 

Fig. 56- Pear ( ri g ht ) o n app le, nca r thc top of the stub, a s shown by the 
tran sverse course o f th e ve sse ls in th e s toele No co nn ec ti o n b e tw ee n s tock 
Cl ud CiOll a ft e r fir s t year. 111 thi s case th e in c lu sion is clea rly bark. N o con 
ll ecti oll ill IJark bc t\\' CC ll s tock and cio ll a t a ll Y tim c. 

the uni un Lut at either side. Either be fore or after thi s failur e, prubably 
afterward , S0111e uf th e tissue at th e uni on, both parenchymatous and \'ascular , 
di es. Thi s happens e\'en in cU11lpa rati\ e ly wel l establi shed union s ( Figs. 
58 and 5<)). The new ti ss ue is i1l\'ar iahl y parench ymatuus and in some 
cases presents esse ntiall y a new g raft union: in uthers e\en th e parenchy
matous union is of short duration . VasuJar bridges a re ve ry rare in the 
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second annual ring and most preparations show no co nll ection whatever 
(Fig. 56). Henceforth the picture presented by this uni on is that of two 
masses 0 f tissue growing side by side, but with virtuall y no cOlln ection except 
through older annual rings. A t the edge, each bears st rikin g resemblance 

Fig. 57-Pear ( left) on apple. Vascu la r c01lll ect io ll we 11 estab li shed 
but much impaired by deposits, appare n t ly of wound g um. ' 

to overwalling callus advancing uvcr a WUUJld surface (F ig. 15) leav ing som e 
cortical and some wound parenchyma alung iis edge. The zu ne of paren
chymatous cells is generall y widcr un th e apple side of the union than on 
the pear. T hi s, of course, is another way uf slating that t he urganized wood 

DEFECTIVE CnAFT UN lO1\S ]1, 

comes closer to the union in the pear tl
condition is inherent ill the two mater 
tions, cannot be stated. J n many place: 
tical and wood parenchyma tissue, are 
they ad vance. J n other places the il1cl 

F ig. 58-Pear (r ig h t) 0 11 apple. V 
first ye;lr. M uc h of this sub se qu entl y 
\ Vooc! of 1l ext yea r larg ely pa r e ll chYll i 
\\'ouncl; n o vasc ular cOll nect io ll after fl 

onl y, p inched out as such tissues are in 
th e natural g raft. T hey differ , howeve r. 
r eached a more adva nced stage than thas 
ing out in wounds. 
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comes closer to th e uni on in the pear than it does in the apple; whether the 
conditi on is inhe rent in the two mate ria ls or is due to their r elative posi
tions , cannot he stated. In many places two tripl e plates of suheri zed, cor
ti cal and wood parenchyma tissue, are left hetween th e cion and stock a s 
they ad vance. In other places the in clusi ons are composed of parenchyma 

Fig. 58-P ea r ( rig ht ) 0 11 apple. Vascular cO lln ec ti o ll es tabli sh ed in 
fir st yc;[r. Mu c h o f this sub sequ cntly in volve d ill wound g U11l d epos it. 
\ \Too e! o( n cx t y car large ly parenchY11latous, as in t h e n c ig hb o rhood of 
\\"ound: n o va s c ular connection after fir s t year. 

only, pinched out as such tissues are in ordinary wound uni ons . notabl y in 
the natural g raft . They differ , howeve r , in that they occur after uni on h as 
reached a more adva nced stage than thas been observed accompanying pinch
ing out in wounds . 
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First Year- Cond it ion s in t he wou ll d zOll e ill t he 11 r st a,n llual r in g' 
present some pecul ia ri ties . Stra11 ds of large short ,'esscls somet l111 es al!pear 
st ri k in O' lv ea rl y in the seas()n (Fig. 57 ). J 11 all (,~lses where \'ascular bri dges 
were ;"tahl ishccl. thc\' tend markcel ly toward a pos ition (rans \'e rse to th e 
d iameter. in stron g c~ lIltrast to the preval ent cOlldit ion .in app le grafts pre 
senting the samc alignmcnt of call1l)iul11 in stock and cIon. 

Pi f)', 59- Pear ( Idt ) 0 11 apple, :1\ 1 Llch lik e F ig ur e, 58. cxccpt th at UIl; OIl 

rc' s u~l c d ill scco lld yca r. hut n lll y parcllchYlllatous, III C0 1ltras t to vasc u lar 
s t:lgl' attaillcd ill fir s t yea r . 

Tissue Modifications- A noth er st r ik ing contrast to the congeni a l 
o-raft lies in the ureat number of cell s, both parench ymatous and vascular. 
~o ntailling precipITates, apparent ly of , 'arious ki,nd s. These cel.ls occur r~~t 
only in the immediate neighborhood of the un,loll hut at consldcl:ahle ell s
tances from it . S imilar appearances are sometImes presented nea l wound s 
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which have not healed readil y and they a 
the un congeniality, hut rather as proe!lIC( 
these uni ons, hut has been found in appl 
ing in the ordinary sense, was not a fac 
old gall s. The junior author has fo und v 
fu rmed after g rafts were set, apparent l 
geniality being ill\·oh ·ed. It woul d seem, 
stances wound gum may be, as well as 
surfeit or of starvation , consequent lI pOl 
pi ra tion stream. 

Xylem rays a re frequently the scene of 
erally having a g ranu lar appearan ce. 
in groups, likewise a re affected, in some 
tion, in others suberi zat ion and death , tIl 
presen'ed it ;:; normal contour, No mi croc1 
thi s ti ssue a nd nothing further can be sai 
to differ in deg ree rather than in kind f 
wounds which a re not healing readily al 
than a ca use of other di sturbance. 

In general it may be said that th e cion t 
wound ha\'e a rather st riking resemblanc 
a ring wound. j \t spots the rays are mer 
spots th e number of rays is rather consicl ( 

Bark- Th e s tatem ent of cambium 
fluou s the report that oark continuity is e.' 
or two preparations there was some uni o 
out it had occurred in the co rtex s l lU rtl ~ 
11 0 case in thi s pear-a ppl e uni on was a 
til luity observed . 

Pear On QI 
In the uni on of pear on quin ce. \'ar iou 

congeni a lity a rc commonly recoglli zee! in 
whi ch utili zes a conge llial "ariet." tu mal, 
st' r ve in turn as stuc k for the uIH.'() ngelli 
D oubl e-working of th is sort is often pr,,1 
pears; mallY trees of thi s \'ari ety, huwC\'e r, 

Gross Appearance- Materia l fur thi s 
budded direc tl y on quince of unknown uri 
does not preclud e compari son with g raf t 
further development is essentially the sal' 
te rial. Tbe trees were eight or nine years 
transpla nted once after the initial planting i 
lat es t position tWD or three years pre\'i oll 
aged aoout Il ye feet in height and from al 
diameter at a point two inches above the un 
tbe surface 0 f the g round. 

T he tangential longitudinal view presente 
nea r the cent er, g i\'es , olll ething of a pel's] 
verse perspecti\, ' o f allY of the unions n 
tions strikingly li ke that report ed for pe::!r 
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which have not healed readily a nd they are to be regarded, not as producing 
the ull congeniality, but rath e r as produced by it. VVound gum occurred ill 
these union s, but has been found in apple tissues where g raftin g or w ound
ing in the ordina ry sense, was not a factor, as, fo r example, in three-year
olel gall s. The junior author has found wound gum in black walnut in wood 
fo rmed after g ra f ts were set , apparently without any question of unco n
geniality bein g il1\'oh ed. 1t would seem, th erefore, that, under som e circum 
stances wound g um may be, as well as a wound react ion , a symptom of 
surfeit or of s tarvation, co nsequ ent upon di sturban ce of the normal tran s
pirat ion stream. 

Xylem rays a re frequentl y the scene of much disturbance, the deposit gen
erall y having a g ranular appearance. Parenchymatous cells, singly and 
in groups, likewise a re affected, in some cases sugges ting starch accumula
tion, in others sube ri za tion and death, though the cell still appears to have 
presen 'ed it::; normal contour. No microchemical studies were a ttempted with 
thi s ti ss ue and nothing fu r th er can be said about it other than that it seem s 
to differ in deg ree rather than in kind from t issu e in the neig hborhood of 
wounds which are not healing readily and it seem s to be an effect rathe r 
than a cause of other di sturban ce. 

In general it may be said that the cion ti ssu es n ot in close proximity to the 
wound ha\'e a rather st rikin g r esemb lance t o ti ssu e at some di stan ce above 
a ring wound. A t spots th e rays are mere ly in creased in diameter; at other 
spots the number of rays is rather considerably in creased. 

Bark- Th e s tatcment of cambium b e havi o r r e nd e r s a lm ost sup er
flu ous the report that bark continuity is ex tremely rare at any s tage. In onE' 
or two preparati o ns th ere was some uni on ill bark between s tock a lld CiOIl , 
but it hac! occurred ill th c co rtex shortl y aft er the initial graf tillg :l11d in 
no case in thi s pear-apple Ulll on was anyth ing approaching phloem con
tilluity obser ved . 

Pear On Quince 

In the uni on 0 f pear on quin ce. var ious degrees 0 ( congeni ality and un
con,ge nial!t!' arc commo.ll ly re~ugn i zecl in the practice 0 [ double-worki ng . 
whIch utIlI zes a co nge nIa l vanety to make contact with the quince and t o 
sen'e in turn as s tock for th e uncongen ia l variety whose fruit is d esi red . 
Double-working 0 ( thi s sort is 0 ft en practiced i 11 g rowing dwarf Bartlett 
pears; mafly trees of thi s varicty, however, are worked directly on the quince. 

Gross Appearance- Materia l for this stud y wa s ta l.;:cn from Bartlett, 
budd ed directl y on quin ce of unknown orig in. The u se of buckled material 
does not preclude compari so n with g rafted, sin ce, after the initi a l uni on , 
further development is essenti a ll y the same ill g rafted and in budded ma
teria l. The trees were eight or nine yea rs old from the bud; they had been 
tra nsplanted once a fi er the initial planti ng in th e orchard and had stood in the 
latest positi on two or three yea r s previoll s to the time of study. They aver
aged about five feet in height and from an in ch to an inch and a quarter in 
diameter at a point two inch es above th e uni on, which was at or slightly above 
the surface 0 f the g round . 

The tangential long itudinal view presented in Figure 60, showing conditions 
near the center , g ives so mcthing of a per spective of th ese uni ons. A trans
rerse perspecti\'e o( any of th e uni ons examin ed ( Fig. ( 1), r eveals condi 
tions strikin gly like th a t r eported for pe::lr on apple. The lin e o f 11nion be-
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F ig. GO- P ca r (l ef t ) 0 1.1 ql1i'1 ~C ( rig ht) . T a ng:c ntial v ic\\'. a ~ ri g ht 
a ng le s to pla nc o f in se rti o n. L oa el a nel. poor unl OI1. OccasIOna l va s
cula r bridges ac ross s tr et ch es of poo r llnlo n. 

DEF ECT IVE C RAFT CN IQ T 1:\" 

tween s tock and cio l1 is marked by the 
a t first, bu t tending la ter to fo rm a CU Il t: 

pa red with th c pea r-apple combination, th , 
di stin ctly hetter , year for year. This is 
Cll ce. 

Adjacent Tissues- lo r e dctai led e: 
of depos it s o f \"a ri ous so rts in th e ti ssul 
uni on zo nc itscl f, tban in the pea r-apple U 

lacking. \ Vhat di scolorati on cloes appea ' 

Fi g. (l l - Pca r (a bovc) bu ckl cel on quin cc . 
1111i o l1. A t Idt , vasc ul a r Ulli o ll ill fi rst , scc 
in fir s t a nd seco lld I'ca rs o lll \,. Ba rk in cit: 
stoc k has r eac hcd l;e\"(l1ld (I{c le ve l of thi 
lcve l o f th e in se rt ed p ~ar bud. SimI hea ling 
scc ti o ns no cO lltilluit \' bc t\\'CC II cio n and st 
of initi a l uni o n m a rk ed b.y 2. ITO \\·S . 

pa renchyma tous zo nc is relat i r eI\- free th 
annual ri ng. O nc st riki ng 11lodificati on 0 

ment ()f the rays, which hecome tri -o r Illul 
o f wounds o r in g'irdled t wi FS . Vesse ls a 
throughout the width of th ~' annua l ring 
ti ss ue. Thesc 1l1 odi {i cati ons () f structure, ' 
seelll Ill or e pronoun ced than in the pea r-a p 

Later Stages - In g"C n t'l"a I it may he sa 
the pa renchymatollS ZU 11 e stage ill to the tral 
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tween stock and cion is marked by the same series of dark spots, broken 
at first, but tending later to form a continuous line uf separati on. As com
pared with the pear-apple combination, the pear-quin ce union is, on the whole, 
di stin ctl y better , yea r for year. This is in accord with general fi eld experi
ence. 

Adjacent Tissues- l\Jore detailcd exa mination show s di stinctly les s 
of deposits of \'arious so rls in the ti ss ues adjacent to the uni on, o r in the 
union zo ne itself , than in the pear-apple union, though they are not a ltogether 
lacking. \ Vhat di scolorati on does appear is chiefly in the xylem rays; the 

rig. ()l - Pear (a bove) budd ed 0 11 quin ce. Co n s id e rable diffi c ulty in initi al 
lIllion . At left, vas cu lar Uilioll in fir st, seco ll d, a lld seve llth year s; at ri g ht 
ill first a lld seco lld vea l' s 011 11, . Bark in c lu s iOll s in lat e r vea r s. Di e back in 
stock has r eac hed l;eHlIld tl{e le ve l o f thi s se ctio n , whi ~ h was cut a t t h e 
icrc l of th e illS e rt ed pear bud . SIO\\· h ea lin g o f s tock by ~vcr\\' a l1ing . In m ost 
sect ions 11 0 CO lltillLlit y b c t\\'ee n c io ll a nd s tock in a n y part of bar k . Points 
of initi a l uili o n m a rk ed by a rr o \\·s . 

parenchymatous zo ne is relati\'e ly fr ee through most of the width of the 
ann ual ring. O ne st riking J11odiflcation u f adjacent ti ss ues is the enlarge
ment of th e rays, whi ch heC()111C hi -o r multi-seriate , as in the neighborhood 
of wounds or in g'irc1lecl tw i ~"s. Vesse ls are 111uch 1110re e \'enlv distributed 
(hroughout th e width of th~) a nnual ring than in normal pea;' or quin ce 
tissue. These 111 oclifl cai ions ()f structure , without apparent breaking cl own , 
~C C 1l1 1110re pronounced than in th e pear-apple uni on. 

Later Stages- Ill gencra l it Illay he sa id that ullion procee c1s throu,c:h 
the parenchymatous zo ne stage into the tral1S ~lerse bridge stage but after the 
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fir s t year it apparentl y does not proceed far beyond. t~li s, .and tha t the cion 
is cO ll stantly offering union and the stock of ten d.eC~1l1111 g It, as in the pear
apple combination. In detai l, however, much vanatlOn occurs. 

F ig. 62- Pea r on quince. Typica l new g raf t union afte r 
fir s t brea kdovvll of cambium (shown at low er edge). SeconJ 
breakdown above. 

There is vc ry pronounced difference between c011diti.o ~l s if: the early years 
of association and th ose prevailing later. The transltlon l ~, however, I.lot 
uniform; in one sect ion the SClme an11ual ring may ha ve a L.llrly good UnlO l1 
on onc side and none at all on the other. 

D EFECTIVE GRAFT UNIONS IN ~ 

Initial Stages- The initi a l un ion bE 
of the inserted shi eld and the ' tock is 
facility than in ordinary shi eld-bud unio: 
The lack of ready uni on between parenc 
development of this tissue. in some cases 
t he original surface o f the stock. Ind 
aJ1paren~ly no uni on of parenchyma sur 
accomplI shed solely by g raft unions at 1 

buckling. S ince successful bud unions s 
ca \'ity under the bud itself by parenchYI11 
may account for the reported fa ilu re of ; 

F ig. o3- Rather typ ica l vasc ul ar bridge. 
lower left) mark location of union. Ur 
conn ecting th ese . Pear a bove; quince bE 

push out ~hen inserted on quince, e\'en i 
stock and It .sugges ts .that chip-budding 
cases than shleld-buddlllg. This initial e' 
be emphasized, involves parenchymatous 
elel:1 ents-sometimes suggested as a factc 
be Important. \ i\1hether this condition w 
outs ~de the ordinary- late summer- migh 
CUSSlOn of the bud union is renewed on (j 

. First Ye.?r- Growth is generally he ~ 
Illserted. 1 he parenchymatous zone of u 
t imes cven to a single aggregate ray; in th( 
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Initial Stages- The initial union bet\\'cc n the meri st e lllatic sudaces 
of the inserted shield and the stock is apparently accomplished with less 
facility than in ordinary shield-bud unions, such as pear on pear (Fig. 61). 
The lack of ready union between parenchymas is mani fested in an unusual 
development of this ti ssue. in some cases pushing the bud some di stance from 
the orig inal surface o f the stock. Indeed, in some preparations there is 
apparently no uni on of parenchyma surfaces inside the shield and union is 
accompli shed so lely by g raft unions at the edges of the shi eld, as in chip
buclcl ing. Since successful bud uni ons se m to depend on the filling of the 
ca \'ity under the bud itself by parenchyma [rom the stoc).;:, this refractoriness 
may account for the reported fai lure of buds of certain varietie of pears to 

Fig. 63- Rather typ ica l vasc ul a r bridge. The dark spo ts ( upper right a nd 
lower lef t ) mark locat ion of union . U nion zo ne approxill1 ate ly on a line 
cO lln ec ting the e. Pear above; quince below. Tangential sec tion. 

push out when inserted on quince, even though the shield "unites" with the 
stock and it sugges ts that chip-budding might be more successful in these 
ca es than shield-budding . This initial eyidence of uncongeniality, it should 
be emphasized, in valves parenchymatous tissue, where length of cambium 
elements-sometimes suggested as a facto r in uncongeniality-would hardl y 
be important. \ i\Theth er this conditi on would prevail in buds set at sea ons 
outside the o rdinary-late summer- might become a point of interest. Dis
cLlssion of the bud uni on is renewed on an other page. 

First Year- Growth is generally best in the season after the bud is 
inserted. The parenchymatous zone o f union is a [ten much reduced, some
times even to a ing le aggregate ray; in these cases it is distinguishable chiefly 
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Fig. o.+-Pca r ( left) O il qui n ce: tall gcl1t ia l view. T y pi cal wo unel woo el co n 
diti o n ( Iik c Fig. 27) . }\ilulld a llt pcr i<i l'r111. Hathcr ex tc ns ivc tUr\lin gs to co n 
n ect " ' itll va sc ul a r brid ge . ( 1)lwtogr ap ll t akcn in se ct io ns a nd r educ ed. ) 

hy th c sma ll s izc ()r a1>se ll (T of .\\,11 

s idc of the large r r;l\ ' ;t Il( l it 11l;t\. l:\ 'l 

ha\ 'c a s ing ular pal1t:ity of \Tssl:1s ( I 
a re all hut compl eted and at the () ute 

. F ig. 65- P ea r (left) 0 11 quillce (righ 
t~lll eS a nel bro kc ll fom. :\ filtl! ilreak 
tl ? 11 at presc.ll i. Xylcm fOrillat ion is p 
v.'Ith xy lem 111 (JlJI IICl'. Thi s x\'klll wi 
g um (Se Fig. 68). -
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hy th e small s ize or ahse tl ce of -,ylc lll rays for a short di s tan ce o n e ither 
sid e uf the larger r ;lY alld it may e\C Il hec()Jll e a z()nc of lihc r -trach cid s, hut 
have a s illgular paucity of \'Cssc ls ( Ii' ig. ()'z). III () thcr words. g{)ud unions 
are all hut completed and at th e oute r edge arc to he marked chi efl y hy th e 

Fi g. 65- Pea r ( Idt') o n (luill Ce ( ri g ht ). U ni o n h as been es t a bli sh ed fiv e 
tim es a ne! broke n fo ur . A fifth brea k ap pea r s t o i1llp e nd . P hl oe 1ll conn ec
tion at present. Xy lelll forillation is proceeciin g ill p ea r 'w it h o u t connecti o n 
w ith xy le1ll ill <il1ill ce. Thi s xy le1ll w ill sooniJ ecolllc plugge d w ith wo un d 
gum (Sec F ig. 68) . 
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indentation produced by somewhat slower g rowth, as is the case 1n many 
perfectly congenial uni ons. 

This happy conditi on is not universal, even in this first year, but it is 
decided ly preponderant. Neverth eless, just as the virtual establishment 0 r 
the uni on in th e fi rs t year is the prevalent occurrence, the breaking 0 f the 
uni on in the second year is equall y prevalent. Generali zing again, it may 
be said that thi s .first breaking-down is but temporary. Instead of more or 
less definitely organ ized ti ssue continuing growth at the poin t where it 
ceased in the autumn, the uni on is marked by a small spot 0 E di scolored 
parenchyma. Beyond thi s is other, but norma l, parenchyma, converg ing 
from either sid e, and forming a new g raft union, identical with th e initia l 
tages of a congenial cleft g raft uni on. 

The discolored parenchyma is rath er variable in appearan ce, but shows 
no evidence of having been subj ected to any particular mechanical influences. 
Such signs of compression as it exhibits may be attributed to the g rowth 0 r 
the surrounding parenchyma; the cell s clea rl y were not crushed . Generally 
they appear black and abso lutely opaqu e, in un stained or in stained specimens. 
In addition to thi s parenchyma, the und erlying ti ssues formed th e prev iou s 
year are often di scolored for some di stance. 

During the second season of g rowth, union is generall y very good. 
Figure 63, a tangent ial view in one of th e e::l rly-formed rin gs, shows a uni on 
which seem to lack continuity only in regard to vessels and even thi s ap 
parent lack may be due to the irregul a r course followed. T he union line 
runs in a general directi on from one area of hroken-down ti ssue to the 
other, possibl y sli ghtl y above them and saggin o' somewhat between them. 
Xy lem rays are o ft en uni seriate in quince and wider in pea r, bu t thi s char
ac ter is too variable under wound conditions to be acceptable as an id enti fy
ing mark and th e exact bord er cannot be es tabl ished. Figure G4 sh()ws an
other well es tab li shed union , in which vessels predominate for a time. 

Re-Grafting- For a va riabl c p e ri od. uni un is es tabli shed in ca rl y 
summer and broken in late fall or earl y spring ( Figs. GS and (2). In far t. 
the g raft union, as it appears in the specimens examined , is v irtually a seri es 
of separate g ra ft uni ons, with an occas ional continuance of unbroken union 
for two or three years, or fa ilure for an equal peri od. Even more notabl y 
than in the initial vea rs, there seem s more effort toward estab li shment 0 r 
union emanating ft:om the pear than from the quin ce. T hough the re is 
mu ch vari ation, it seems safe to make a general statement that pear tissue 
near the uni on , bUl not a t it , r esembl es g irdled ti ssue above the wounded 
areas, while quin ce ti ssuc in corres ponding position rese mbles 1he primary 
or secondary wound wood found just below an ordinary decapitati on woun d 
(or close to ring-wounds). 

Unions Become Poorer- In the a nnua l rin gs fo rm ed in late r ye~rs . 
however, a considerable change develops. T here is a general , though not 
pronounced, tendency for th e two associa tes to contract g rowth along th r 
uni on line, resulting in somewhat wider space between them. As th ey 
continue to g row radiall y. the edges thus formed facing each other develop 
bark and become more or less like callus edges of wounds. Further g rowth 
occasionally cuts off areas 0 f bark heyond which t emporary uni ons may 
form, producing inclu sions of di stinctly uberized nature. U ni on at thi s 
stage is almost who ll ," hy tran sverse hridges, proportionately small and CO Ill 

pa rati\'ely short li ved . bout thi s th ere is mu ch variability ; some sections 

...... 

DEFECTI VE GRAFT U 10 S IN T 

F ig. 66- A sec ti on transverse to t 
point of lIllion beca use of th e horiz 
tiss ue . G row th proceeded from belo 
cen ter, afte r vasc ular union. 
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DEFECTIVE GRAFT UNIONS IN THE APPLE AND TlIE P EAR 7~ 

Fig. 66- A section tr ansverse to the tr ee, but radial at the 
point o£ lIllion beca use of th e horizonta l na ture of the union 
tissue. Grow th proceeded from below upward. Breakdowll in 
center, after vascular union . 
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Fig . o7- P ea r ( rig ht ) (1 11 quin ce ( left) . I ~ark illt e r ve llin g b e t\\'cc l1 s t ock 
a nd c io l1 . Phl oe lll c0 l11inllil v brpkcn. S01lle IJark co ntact in cor ti ca l r eg io n, 
apparent ly c:-'la bli :-, h cd in fli ~ 1 yea r () r 1\\'0 , \\ hel1\"a sc ul a r co nl1 ection exis t ed . 

DE"ECTTV I '~ C I(A ,,1' U\ I():\ S 1 I 

show no unio1l after th e seco1ld ycar ' 
specimcn shov.r uni()1l ill th e sC"c"nth ( 
laye r of incuned hark is Il ol t() hc co 
tain th e uni on: in th e natural g ra it. iJ 
than presentee! he rc, ,<\'c re pClletrated 

Fig. ()8 - lJ ni o l1 by vascular l>ridge i ~ 
p ea r (a IJ o \"c) h as produ ccd xy1c ll' wh ich 
.( I> c lo\\·) (scc F ig: 70). W o un d gUIll dl'[ 
lIlg a lo ng c dge 01 ph loe lll o n right. 

possibly a reAectioll () F declilling ,igor ., 
This bell en 'ior may accoun t lor the r, 
trees arc short li, 'cc! in infcrt ilc so il s : 
OCCLl r more read ily. -Associated Conditions- Th c iailur 
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show no uni on after lh e sec()nd y('ar ( I·' ig . ()7) . wh ile oth ers from the same 
specimen show ulli () n in the sc\enlh (Fig. ()5). Th e prescnce of the doubl e 
layer of incllr\ 'Cci ha rk is ll ot t() he c() 1l s id ered th e callsc of fa ilure to main 
Lain th c uni o1l: ill the natural gra ft. hark and cork ill fa r g reate r CJuantities 
than presented here. were pe1letrated. The al)se1l ce ()f in ternal pressure, 

F ig . ()8- U ni on hy vascu lar hridge is break ing dowll. Faste r g r owth of 
pear (abo\'e) ha s produced xylc l l1 which is cont inuou s with phloem of q uin ce 
(belo\\') (sec F ig. 70). \\ 'ound gUIll d eposits ill pear \\'ood, Periderm fo rm 
in g a long edge of ph loem on right, 

possibly a reAectio1l of dec lining \'ig()r.- per111its the hark to he an -obstacle. 
Thi s beha\'i or may account f()r the r(~ther general expe ri ence that dwarf 
trees are short li \'ecl in infertile so il s ; with hi gh fert ili ty reg-raft ing may 
occur more read il y. 

Associated Conditions- Th e fai lur e uf the tran s \'C r sc br idges, the 
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second stage, it will be recalled, in the ordinary graft uni on , t o progress to 
the third stage, or e ven to maintain their own existence, may be a two-fold 
matter or a two-fold manifes tation of the S2.me influence. Ava ilable evidence 
on this is by no means conc1u si ve and o nl y conj ecture, based on observation , 
can be offered, though detailed inquiry may well yield definite r esults. Ob
v iously, the comparatiYe scarcity 0 f tran sve rse bridges, and the absence 0 f 
parenchymatous tissue between them , precl ude the bridging between bridges 
that characteri zes successf ul g rafts. Thi s , however, need not be an insuper
able difficulty, since similar bridges in grafts of apple on apple have pivoted 

F ig. 69-More adva nced s tage than Figure 68. Par enchyma a nd per id erm 
in quince. Wound gum in pear ti ss ue. 

successfully, fil ling in, above on the cion, below on th e stock. and assuming 
finally a long itudinal direction . This the tr ;:~ n sve rse bridge in the pear -quince 
union fa ils to do. Its failure to maintain itself seems to be due t o uneven 
g rowth, either in fall or in sprin g, probably in the fall. 

Some sections, transverse to the tree, but virtually radial to the bridge, 
show four or five rows of pear cell s, apparently fiber tracheids, projecting 
like a pil e of cord wood, with no quin ce xylem to connect with them (Fig. 
70). This break wou ld be r epaired qui ckly in apple on apple or pear on 
pear; in th e present case it is the beginning of break cl ow n. Figures 68 

DEl'ECTIVE GRAPT UNIONS IN 

a nd GO, tange ntial views of the same 
of wound g UIll [ormati()1l ill pear tissUE 
un eve n g r()wth nced nui necessa ril y be 
sona! act iyity o r inacti\·it y of call1biull 
trit-i()na! or spec ifi c difTerentiati on ill p 

Fi~. 7~-"Raclial" Section. Pear (left) ( 
nect lon l.n .xy lem o f stoc k a nd cion. X} 
,,,,h olly dlstlllct tissue, appare ntl y ph loelll, 
The cloudy area in th e bark imlll ed iate1, 
c.ru s hed pear phloem. This points to a d~ 
~lvity o r a. re lat iv.e difference in ca ll1biulll p 
IS deve lop lll g. F lg ure 68 shows the same ~ 
a som ewhat more a dvan ced stage. 
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and 60, lan g-ential views of the same occurrence, illustrate th e hcg inninrr 
of wound g U1ll forlllati()1l in pear tissu e c()nsequent upon thi s failure. This 
un eVC 1l g ruwth nced nut necessa ril y be rega rd ed as a simple matter of sea
sonal act i, 'ity or inactivity uf catllbiu1ll . It may reAect a seasonal or IlU 

triti onal or specifl c cliHerentiation in products of cambium activity. Dau-

F ig. 70- "Radial" Section. P ear ( lef t) on quince (right). :G'ailure of con 
nection in xy lem o f s tock and c io n. Xylem of pea r is continuou s with a 
wholl y di stin ct ti ss ue, apparent ly phloem , of the quince (marked by arrow) . 
The cloudy a r ea in the bark immediate ly above this uni on is appa r entl y 
cru shed pear ph loem. This point s to a diff eren ce in period of camb ium ac 
tivity or a relative differ ence in ca mbiulll products as causin g the br eak w hi ch 
is deve lop in g. Figure 68 show s t he same st ;}ge tangenti a ll y; Figure 69 show s 
a somewha t more a dvan ced stage. 
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phill{~ (8) records, in / /r/ clIlisiu 7., ufgar i.'i ) ~ c1irre renti a l producti on o f xylem 
and phloem which may be interpre ted as as soci;Lt ed w ith th e nutriti on of th e 
ca mbium in the rhi zom e. In Fig ur ' 70 and in .Fi g ure 6K there is n o apparent 
present break in continuity between th e xylem o f th e pear and th e un
id en tifi ed but probabl y phl oem tissue of the quince. Thoug h th e re is little 
specifi c in fo rmat ion ,wailab le on the point , it would seem altogeth er poss ible 
that cambium m ay p roduce xy lem or phloem in diffe ring quaniti es at ya ri ous 
seasons a nd that th ese pe ri od s cl o not sy nchroni ze in th e pe~r a nd t he 
quince, and that, s pecifi ca ll y, the pear cam bium is fo rming x ylem at a tim e 
when the qu in ce cambium is forming phl oem. F o r a t ime t hese two ti ssues 
mi g ht interl ock, but the cambium continu ity would he broken. and th e pres
ence o f the quin ce phl oem would preclud e its r e-es ta lJli shm ent. [n t he 
loca ll y almost radial preparation d epict ed in Figure 70 th e re is onl y th e ve ry 
s lig htes t d e \'iati on from stra ig ht lin e cOll tinuity hetween th e xy lem and 
the proba bl e ph loem; thi s is a s li g ht hencling inward of th e ph loem e lem ents 
as they j o in the xy lem. Thi s would indi cate th at th e xylem has not pushed 
up throug h th e ph loem ; on th e ot her ha nd t he pear phloem is plainly crushed 
at the union lin e. 

As a suppl em entary, th ou g h less supported and perbaps less likely, {actor, 
it seem s plausibl e that th e two failures in the tran sverse bridge have so me 
inAuence in th e fa ilure o f cambiu111 co ntinuity. Th ese two man oeU''1"es . 
pi\'o ting and s tretching across a s li ght gap, both eas il y a ccompli sh ed in o the r 
uni ons, r equire a no tabl e a m ount of g liding g row th in the cambium . The 
uni o n th rou g h th e parenchymatou s zone, which was ratller w ell accompli shed , 
does not r equire a g reat a m ount o f g liding g ro wth hy th e two camhiulll s in 
uni son. Now here . in t h e speci mens e;.:amin ec1 , was th e re an)' indi cation of 
conside rahl e g liclin g g rowth e;.:ecuted hy th e two jointly ; on th e o th e r hand , 
whe rever it was called for to <I n)' g reat e;.: tent , co ntinui ty was hroken . 
E ither , a lone, is obvi ously capahle o f it ; jointly th ey appear to fail. It is tru e 
that m or e or less g liding g rowth is n ecessary to es tabli sh uni on su ch ;LS that 
sho wn in Figs. 63 ancl 64 . hut this may he g lid ing g rowt h or camhium d e
rivatives, and di stin ct fr om g lidin g grow th of th e camhiulll . 

Actual dem onst rati on o( railure in g liding grow th is not claimed h ere 
a nd r ea sons fo r fai lure mll st await m ore deta iled e;.: pl anati on of its n o rmal 
occurrence in uni fo rm ti ssue. The suggest ion of an a cti on "something akin 
to enzymi c action " ( 1] ) may point to th e diffi culty. 

Bark- Afte r t hi s account o r ca ll1hiu1l1 failur es, it i s a lmost s uper·· 
AllOUS to comment o n th e gene ral failure or llark con tin ui ty. Occasional 
J)ridges occur ( l<ig.' 67). som etim es in corti cal reg ions a nd occas ionall y in 
the ph loem r egion , hut the~' arc, if a ny thin g, e \'en rarer than t hey a r e in 
the w ood . 

UNCONGENIAL UNIONS IN GENERAL 

Considering hoth t he pear-appl e and the pear-quin ce uni ons as types of 
un congeniality in th e pome f ruit s, it may he said that their m ost striking 
pecularity is n o t th eir fa ilure t o unite hu t th eir fai lure to s tay united. It 
seem s sig nifi cant tha t they e ;.:hihit ahunda nt uni on of th e t ype sh own by 
wound s a nd by co ngenial g rafts until th e po int of apparent camhial con
tinuity is reached . In th e first s tages of associat ion , whi le rese ryes are 
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presll mab ly abundant, th ey grow side b 
fo rming parenc hymatuus t issue. \\ 'il 
true cambium uni ons o r wheth er thc\ 
ti \'es cann ut he s tated. It seems, ll ()~' 
pe rmits a ny opini un, that t rlle cambia 
short durati on . 

Possible Causes- ,·\l ternat ive and 
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Diffe ren ce in n o rmal size 0 ( caml; 
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a nd r epo rt s mad e 0 ( supposed un cor 
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som e plaus ihilih' to thi s as a factor. ] 
a m ount () r fai lt'lre 0 f parell chnllCl uni o 
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fo und in pe;L1- o n quin ce. Ca rri c're ( 
pear gi \'e 111llch trouble in IJl1c1c1illg on 
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presumab ly abunda nt, they g row sid e by side, with cambium edges suspended, 
form i ng pa renchymato ll s ti ssue . \ Vhether the vascular bridges repre ent 
true cambium unions (Jr wh eth er they r epresen t uni on of cambium deriva
ti\'es cann ut be stated. 1t seems, h oweve r , so fa r as th e m ater ial examined 
permits any upini un, that true cambial cuntinuity is rare; certainly it is of 
short duration. 

Possible Causes-/\lt e rnativ e and n ecessarily t entativ e explanat ions 
have been offer ed in previous pages for the failure of cambium continuity 
on th e basis of inability of th e assoc iated camhiums t o work united ly in 
gliding g rowth or of seasona l yariation s in cambium acti \'ity and its products. 
Others have been ach 'anced from t ime to time. 

Difference in no rmal size o f cambium elements may conceivably be a 
factor, thoug h t hi s assumption would not he necessary to expla in failure 
of gliding growth a nd diffe rence mi ght not pre \'ent uni on. The beh avior 
of uni ons not yet co mplet ed suggests t hat in stead of resulting in complete 
hreakdown, un eq ua l length of cambium elemen ts mi g ht produce a perma
nent ly parenchymat () us wuu !lc1 zo ne, such as Eames and l\l acDaniels ( 11 ) 
report in uncongenia l c0111binations o[ apple o n one o f t he so-called Paradise 
stocks. 

\ Vide diffe ren ces in peri ods 0 f yegetat ion ha \'e heen suggested as a factor 
and repo rts made of supposed un co ngeniality in apple -va ri eties differin ~; 
widely in this respect. ]Jisti ncti on sh() uld be obse n 'ed between the peri od of 
ye rnation and the period o f cambium acti\'ity . S uch obse rvations as are 
pertin en t fa il to link un coll geni a lity with wiele diffe rences in ye rnati on or 
of elongating growth. F ive-yea rs-old uni ons hetween a ve ry ea rl y 1)loss0111 -
apple s tock and th e latest blo s~; oming mate rial a \'a ilahle- a seedlin g- used 
as CiOIl, g i\ 'e no e,~tern a l sign of un co ngeniality and are g rowing vigorously . 
The ye rn at ion cliff erences hetween these are wid er than those between pear 
and quin ce or ](i effer a nd P. rO lllllllfllis . Some of t he materi a l u sed in this 
study, 1{ hode J sla ncl G recnin g on Olden hurg, is taken from an o rchard 
where g rafts of N() rthern S py, the latest hlossoming of th e varieties com -
111 0 11 in l\ li chi gan, make en tirely congenial unions with O ldenhurg, the earliest 
blossomi ng. These instances , to he sure, are in cases in which the cion is 
late-starting and the stock early: specifi c e vid ence hased on t he reverse con
clition is not at hanel , but in \ iew of the gTe~L t number of No rthern S py trees 
\\'l1i ch \\'C.' r e top,\'orked m a ny years ago to oth e r and n ecessa rih' e:l1-li e r 
blossoming Yari et ies, the abse nce of reports of ull congeniality is itself s ig ni ft
cant. 

Differences in yigor or amou nt' of gr owth can ha rdly he the bas ic inAu 
ence, sin ce wide diffe rences of this sor t in g rafts o[ a pple on appl e fail t G 
produce a ny e\' idence of un co ngeniality such as those described here. 

T here is a lways a temptat ion to attr ihute cases ()f this so rt to chemical 
incompatibiliti es a nd some of the ohse rvatiu ll s r ecorded here seem t o lend 
some plausibility to thi s as a fa ct()r. ] n ln rti cula r an apparently inord ina te 
amount of fai lure of parenchyma un ion at the co ntact of s tock a nd shi eld , 
where the pear hud is in ser ted, seem s t() poin t in t hi s direct ion . Th e com
parati vely small llumber uf th ese uni uns examin ed precludes es tahli shment 
of thi s as a general ()ccurrence, hut a wid e rall ge of hud uni ons examin ed , 
inc ludin g num erous kinds uf frui ts, fa iled to disclose condi tions like those 
found in pea r o n quin ce. Carri c're (4) reported lhat se \'e ra l vari eti es of 
pea r gi\'e mu ch trouh le in lJl1dding un quince, s tating that the buds do not 
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start e'\en though the shield unitcs; he even statcd that l)eller resulLs are 
securcd in these cases by cleft graf tin g than by buckling. This "lew did not 
meet with uniy ersal acceptance at the time, bu t has recci\'cd rather s trik ing 
confirma tion in recent work on plums in England (15). Difficulty in bud
ding the quince is 11 0t wholl y imag inary. In the figure shown (Fig. 61) 
there was, at the level depicted, a lmost no parenchymatous union. The 
shield was virtually held in by the g rafting of the oyer walling edges. In 
thi s case grafting worked better than budding, and cambium uni on of a 
sort was better than union through parenchymatous ti ssue. This condition 
is not uni versal, but i f it should prove to be more than occasional , it would 
indicate that something else beside cambium inte rlocking is a t fault. 

Conjecture, almost wholly without evidence, may be 0 f ques ti onable 
propriety, but it at least illustrates the nature 0 f the actio 1l concei ved as 
possibl e. The microscope preparations indicate that the in Auence, if it 
exists, is more or less seasonal. I t mi ght concei vably be due to a suhstan ce 
occurring only at certa in times, at certain places, under ce rtain conditions, 
secreted by one of the associates and poisonous t o the other or , having been 
secreted, accumulated because of inability to pass into the other associate and 
thus becoming tox ic. For a definite hypothesis, perhaps the most olJ\'i ous 
suggestion would be a cyanogen compound. 

As reported by Guignard ( 14), cyanophoric glucosides occur in some 0 [ 
the Rosaceae and not in others, they do not d iffuse across the graft llllion 
and in plants in which they occur they are markedly seasonal and locali zed, 
generally increasing as the growing season advances, being generally m orc 
abundant in leaves, and branches, decreasing toward the root, where they 
may even be absent. CzapeJ.;: ( 7) cites reports that in leaves amygdalin is 
localized ill parenchyma, while the enzyme, emu lsin. seems to be co nflll ed to 
portions of the conducti'\e tissue; in some plants Prulaurasin is present in 
cambium and young wood but not in old . These, obyiously, would be the 
tissues immediately involved in budding. Gui g na rd made no d efinite state
ments as to the nature of the uni ons in the various g rafts on which he re
ported, but hi s m casurements and descriptions suggest that some, at least, 
of th em may be un congenial and ha ve t he same lack of bark continuity re
ported here, which mig ht make the cyanophoric glucoside differences hc 
reports either cause or eHect--Dr both. This conj ecture of poisonous effect 
could, apparently . he rather eas ily tested by microscopic examination of somc 
of the pnions studied chemi cally by Guignard . At present it can be ad vancec1 
only as entirely speculative, with realizati on that cyanophoric glucos ides have 
been fo und on ly \'ery sparingly in pear and with ready admission that much 
of the evidence points equall y in other directi ons. \iVithout the behavio r 0 f 
the parenchyma in the initial pear-quince uni on and the marked antagonism 
between pear and apple. it would have scant plausibility. It may, howe\'er , 
not be inconsistent with fa ilure in g liding g rowth and might explai n the 
disturbance of the action "akin to enzymic" which secms necessary for 
gliding g rowth . 

In short, the obsen'ation s a\'a ilah le do n()t wholly support any Dnc of 
the explanatio ns advanced as to th c cau se of the break in camhiulll whi ch 
plainly occurs. It seems possible th;=tt ca reful in ves tigati on might eliminate 
some factors or that it might show more than one to be operati ve. 

Bark- 1\tlos t of th e prcsc nt di sc uss ion has concern ed t11(, \\'()(,dy 
cylinder, because the record of a period of years is more easily r ead there 
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than in the ba rk. Actually, however , in these uncongeni al unions the break
down in the bark seems more consis tent , more complete and perhaps more 
impor tant than tha t in the wood. The di sturbance o f the transpiration st ream 
in the xylem is undoubtedly considerabl e, but whether it is as extensive a s 
the interrupti on 0 f the phloem is qu es tionable. Indeed it is difficult to con
ceive how the quin ce roots, dependent wholly on the pear top fo r their 
elaborated foods, a re supplied at all except by round-about di ff usion along 
the xylem rays and inter vening ti ssues. 

Tn the pear -apple combination , where breakdown is more complete, even 
thi s chann el must be se ri ously dimini shed . T hi s of course is bound to have 
a gird ling effec t on the stub below the g raft and it may become a ques tion 
whether th e cion, with its transpiratio n stream shut off by th e g radual sen
escence 0 f the existing vascular connections , would die be fore t he stock, 
sbu t off from phloem conn ection with the cion, di ed . The common experi
CllCe with g rafts of pear on apple, as reHected in horticultural literature, is 
th at they g row well for a time, bear fruit and di e. There a re cases of pea r 
grafts on apple flouri shing indefini tely, in some cases for 20 years, bu t t here 
is a s ig ni ncant lack 0 f cases of flourishin g appl e trees wholly top-worked 
to pear. R eports of young a pple seedlings top-worked to pear indicate t ha t 
the cion s trikes root or the tree dies. 1 f the g ra ft was made near the base 
o f a side branch. it is conceivable that the stub mi ght recei\'e foo ds fro m the 
mai n branch and the pear-apple g ra ft persis t for man y years, as girdl ed limbs 
sometimes do . 0 f course, too, t here may be various degrees of unco n
geniali ty between pear and apple. A case possibly anal ogous is presented in 
the uni on o f peach on an A merican plum, as reported many years ago by 
/\rthu r Bryant , a nurseryman o f Illinoi s. H e could . he sta ted ( 19), m ake 
the peach grow on t his plum stock, if he allowed some plum branches to 
remain ; if these were removed, the tree died. 

Incidentally it should be stated that these findings do not tally completely 
wi th the description sometimes given of uncongenial g rafts whi ch b reak apar t 
at the point of uni on. It is sometimes said of them in substan ce t hat t he 
wood did not unite and they w ere " held together onl y by the barlc" Tn sev
eral cases o f thi s sort examined by the seni or author, including an unknown 
vari ety of ar)pl e on the so-called P a radi se, bark inclusion s were clearly evi
dent well within the union, and stock and cion were actua ll y held apa r t by the 
bark. 

In a budded t ree the s tub of the stock presents an ordina ry decapitation 
wounc! and heals by the process already described fo r wounds 0 f t hi s sor t. 
In th e dwarf pear , however , healin g of the stub by o \'erwalling callus was 
\'e ry slow (Fig. 61), and w~s accompanied by dieback o n th e "off " s ide 0 [ 

the stock, extendin g som etim es to a point opposite th e in se rt ion of the pear 
bud ; thi s would in itself r etard the long itudinal healing of the woun d and 
the bendin g a f the stem at the point 0 f union was still \'e ry marked af ter 
nine years. Thoug h wholly within th e bounda ries of quin ce t issue, t his 
cli eback must ul timately have conside rable effect o n th e strength () f t he whole 
uni on. Thi s condition may be attributed to the g irdling action of the fa ilu re 
in bark conn ection . 

Uncongeniality and Dwarfing- l ; 11 ( ()n gC' ll ia l i ty is (' Ira r1 )' lJ o t th e lllli 
\"c rsal cause or a tt endan t of dwar fi ng. It seems pla in , however, tha t u nCOll
geniality which breaks con tinui ty of bark must retard t he growth of the 
stock and secondari ly, as well as pr imarily, the growth of the cion. The 
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dwarf Bartlett tree is apparently perpetually self-semi -girdled and the quince 
root, as well as the pear top, seems dis tinctly dwarfed, at least for some years. 
Sahut ( 32 ), with apparently no intimate kn owledge of anatomical condi 
ti ons a t th e union of pea r on quince, considered the chief difficulty to be in 
the downward movement, rather than in the transpiration stream , and 
likened these d wad trees to g irdled trees, with the root system suffering 
in consequence. Dwarf pear trees look and behave differentl y from trees 
on standa rd roots whi ch have been stunted by poor soil or lack 0 f water. 
A stunted quince tree, in comparison with normal or vigorous t rees, has, 
at the end of winter, less ca rbohydrate r esen 'es in the top and more in the 
roo ts (24). O n the oth er hand , the top of a dwarf pear tree is consistently 
hi gher in these material s than the top of a standard of the same variety 
(23). No comparison o f quin ce roots under pear and under quince tops is 
available, bu t quince roots are consistentl y lower in carbohydrate reserve 
than pear (24) . A stock which is itsel f poor in carbohyd rates, then, pro
duces an increase in the carbohydrate suppl y of the top; thi s seems to in
d icate an effect similar to girdling . 

Some pear \'a ri eties a re r ecogni zed as growing mo re \'igo rously on quince 
than others. but availabl e evidence drawn from obsen-ation does not permit 
any decision co ncernin g a n assoc iati on o f yigor with co ngeniality. D e 
Liron d'A i rol es (25) recogni zed two groups of pear varieti es which should 
not be worked directly on quince: ( a ) particularly vigorous varieties, be" 
cause of the la rge swellings at the point of union, and ( h) 'varieties whi ch 
are pa rti cular ly weak g rowers, hecause the trees so constituted di e. These 
weak varieties, he stated , grow more vigorously when double-worked on a 
vigo rous vari ety. In E ngland, J Ohll Scott (33) seems to have held simi lar 
yiews. D ecaisne (9) , di scussing douhle-working in pears, s tat ed that th e 
intermedi ate mu st mak:e a good uni on with the quince and he yi go rous. Car
ri ere (5), on this same subj ec t, speci fi ed certain varieti es as takin g well 0 11 

quin ce or pear, hut g ro wing slowly and needing a sho rt interm ediary-as 
Cur(>- to make t hem f ruitful. On the hasis of ex perim ental evidence Grubh 
( 13) has recentl y reported " * * * th e yari ety used as intermediate in 
doubl e-working has a di st inct inAuence on the \'i gour of the second cion * * 
t th is inAu ence of t he intermediate on vigour is not a lways directlv corre
lated with the \'igour of the variety used as intermediate." Grubb offers 
no ex planati on of these di ff erences , and, with the opi ni ons quoted , t hey may 
he tentati\ 'eh ' considered manifes tations either of the collar inAuence re
ported by K;light (21) and by Swarbrick anel R oherts (39) or of the effect 
o f ba rk interrL11)ti ons. On the other hanel, Bussard and Duval (2) state that 
'vigorous gTowth of a weak variety on a v igorous intermediary is secured in 
ce rtain cases anel not in others . l\ cco rding to their v iew , the interm ediary 
must ha \'e fo li age of its own , if it is to stimulate the final cion. They state 
ex pli citl y that without thi s fo li age a stimulato ry effect could he explained only 
by better uni ons, hut that "nothing justifies such a theo rv; the \'ari eties h1.\'
ing littl e vigour on th e quin ce ha\'e littl e yigour on seedling' pear and among
these, those w ith weak wDod * * * unite perf ec tl y with the quince: the 
va rI et Ies which form a swelling at the union are those with coarse wood; 
they a re at times rather vigorous." 

Uncongeniality and Swelling at Union- l\ Jos t o f th e comm ent s ava il , 
ahle indi cate that deg ree o f unconge niality has heen measured by the size 
of Lh e swelling at the uni on. The pear-apple graf t examined in this s tudy, 

D EFECT IVE GRAFT UNIONS IN 

th ough plainly more uncongeni al thar 
littl e or no exte rnal e \'idence, at the til 

eluced no swelling; it appea red , ex teri o 
quince uni on . It seems quite logical 
ing less g ro wth , shou ld result in sma I 
In oth e r words, so long as there is ur 
accumulation at th e uni on wi ll be greatE 
decrease as vigor dec reases (as l1n co 
tainl y results in a large r callus in a "it 

F' ig, 71- "Norllla l" illlay bark g raf t. 
Retarded ullioll 0 11 rig ht, hut norm al II 

J\. rather congenial combination mighl 
produce a top large enough to break oft 
fore rated as hi ghl y uncongenial. 

Establi shment 0 f this view would p 
observations, including some 0 f those 
await much close inves tigati on. 

General Remarks- The emph as is f 
should not obscure the ver\, real break 
stream . It is not without 's ig nifi cance 
grow well in shallow soils, are genera l 
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th ough plainl y m o rc uncongen ial than thc pear-quincc c011lbinat ion. ga\· ~' 
littl e o r no external e \' ici ence, at th e union , of unco ngcniality. and had pro
duced no swelling: it appeared, ex te riorl y, more "congen ia l" than the pear
quin ce uni on . Jt seems quite logical that g reate r Ul1co ngeniality, prod uc
ing less g rowth, shoul d result in sma ll er ti ssue accumu lat ion at th e uni on . 
In o th e r words. so long as th e re is un congeniality. its ex ternal c \·id ence in 
accumulatio n at the union w ill be g r eate r in the more vigorous trees a nd w ill 
cl ec rease as vigor dec reases ( as un congeniality increases). Circlling cer
tain ly results in a larger callu s in a vigorous than in a weak g rowing tree. 

I ~ i g . 7 1- "Norlll a l" inl ay bark g raft. Di c back in wo o el ex posed In g r a fti ng . 
R e tard ed union o n right. hut no rm a l in s(:cn nd year. 

A rather congenial combination mi ght, conceivabl y. g row v igorously and 
produce a t op large enough to break off eas il y anci th e combin at ion be ther e
fo re rated as h ig hl y uncongenial. 

Establi shm ent of th is v iew wou ld p lain ly alter the s ignifi cance of man y 
observation s, including some o f those just quoted. Thi s mu st, howevel: . 
awa it much close inves t igati on . 

General Remarks- Th e e mpha s is g iven the di scontinuity o i th ' bark 
should not obscure the very r ea l break in the chann els of th e transpi:"a tion 
stream. It is not with out sig nifi cance that dwarf pea rs. tho ug h th ey ' may 
grow well in sha llow soils, are genera ll y reputed to be m or e exacting thall 



84 MICHIGAN TECH NICAL BULLETIN NO. 99 

standard s as to so il ferti lity , ancl prohabl y as to soil moi sture. U ncl er 1he 
bes t conditi ons, howe \Oer, unless they de ve lop cion roots they are still dwarf s. 

H_egard less of the cause and effec t of the uncongenial unions, their identifi 
cati on marks are p lain. Essentiall y the chief manifes tation is the break in 
the cambium; the parenchymatous zone and th e reg raftin g are incidental. 
Di sturbances in tissue di recti on and extensive development 0 f parenchyma 
a re characteri sti c o f all g raft uni ons or eyen o f wounds. H.eduction o f vascu 
br ti ssue in proporti on to parenchymatous is a typi cal wound r eacti on . In 
a wound or in a " normal" g raft, once cambium uni on is estab li shed it is nol· 
broken: there in is th e differen ce between th e congenial and th e 111lCongeni al 
g ra f t. 

F ig. 72-Secti on o f a d efective inla y bark g raft. La ck of press ur c pe r 
mitt ed ca llu s fr om ci o n to p en etrate b e tvvee n cion and s toc k . O ri g ill a l 
s toc k comp le t e ly dead a t thi s leve l. T o accollllll odat e str e tchin g o f c ior. 
f r0111 st oc k more o r less longitudinal r eori ent a ti o n at union zon e. 

UNIONS SUSPECTED OF UNCONGENIALITY 

\ iVith condition s es tabli shed for uni o n s wh ere congenia lity is plainly 
n o t a fact o r and fo r som~ in which it is gen erally con ced ed t o ex ist . 
the g r ound is prepared fo r con sideration of the su spected cases w hi ch 
occasion ed thi s study. 

DEF ECT IVE GRAFT UNIONS IN 

Inlay Graft- A simple a nd ra th el 
inlay I)a rk g r a ft () f a s() li d r ed str J 
A lon e, thi s g raft pr csc nt s lll a llY o( 
p o rt ed [o r un co ngcniality . Th ~ pre 
bark a nd c lef t- o f thi s sa me c 01llhill ~ 
irregularity , sugges ted th a t fa ulty \\" 
accid enta l di splace m en t sub sequ ent 

F ig. 73- C ra fL u1ld er th e ba rk. StOel 
w ith pa r en ch Ylll a of s tock. both 0 11 W( 

inll cr surf a ce.- No co nn ect;on wi th ph lo 
uni o n t ha n thi s could not surv i\' c lOll( 
thro ug h s ettin g c ion v ery dcep below ri 

ditio n . Thi s proved actu all y to be 1 
e s tabli sh ed in a n o rm a l g r a ft of th e : 
s ent s a secti o n throug h th e low er I 
point wh er e th e unio n ,vas best. T 
inte rm edi a t e b etw ee n buddin g and g: 
th e t e rm ) in that unio n is supposedl' 
ca llu s fr o m th e c io n a nd surface ca ll; 
r a th e r co n s icJ e r abl e numb er of cases 
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Inlay Graft- !\ simpl E' ;l1lcl ]" :1 t11 e]" obv iou s case is prese n ted by an 
in lay ba rk g rafl o f a solie! r ed s tra in of Nu rth e rn S py o n l .on g (i e ld. 
Alo ll e, thi s g ra fl prese nt s m a ny ()f th e characte ri s tic s C() lll11lUnl y r e 
port ed [o r ull cu n ge ni a lit.',. Th e prese nce o [ llUlll er OltS o th e r g r a ft s
h ark a nd C I e ft - 0 [ t hi s sa 1ll e c () III h ina t i () n , s h 0 \\' i n g 11 () S Y 111 P t 0 1ll S 0 [ a ny 
irregularity, sugges t ed lh a t fault y \\'o rk1ll a n ship in se ttin g th e g r a ft o r 
acc id enta l di splace m en t subseque n t to the g ra ftin g, led t o thi s cn n -

i<ig. 73- C r a ft ullcl e r th e ba r k, S tock o ut s ic1 e ;l1lcl ins id e of c io n . U n ion 
w ith pa r c ll chy m a of s t oc k , bo th o n w ood o ut e r sur face a ile! o ri g in a l k irk 
illll e r s urf ace. No co nn ec ti o n w ith phl oe m o f s t ock. i\ gra ft w ith 11 0 1I10 r c 
ulli on th a n thi s co uld n ot sur v ive lo ng; t h is co nditi o n co ul d co m e ailout 
t hroug h s e ttin g cion ve r y d ee p be low rim. 

dition. Thi s p r oved ac tua ll y t o h e the case. F ig ure 71 sh ows u nion 
es tabli sh ed in a n o rmal g ra ft o f the sam e combina ti on ; L1' ig ure 72 pre
sent s a secti o n t hro u g h th e lo w er po rtio n of th e faulty g r aft, at a 
point "wh er e the uni o n was b es t . Thi s t y p e of g r a ft is th eore ti call y 
interm edi a t e b et ween buclclin g and g rafting ( in the n a rrower sen se of 
the t erm ) in tha t unio n is supposedly es tabli sh ed b et w ee n over\vallin g 
ca ll 11 s fr 0 111 the cio n a nd surface ca ll u s fr 0 111 th e s tock. Ac tu a ll y. in a 
rather con sid e r a bl e number o f cases examin ed, over \\'a llin g is 1 h E' p r e -
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dom in ant factor. \ V hatcver th e prec ise meth()d by which h ea lin g" is 
sec ur ed. pre ss ure' is ohvio u s ly imp()rtant in preve ntin g' a pu sh.in g apart 
of stock and c ion \\·ith consequcnt fai lure uf th e h,·o ca lll to cu n 
n ec t . This is appa r e ntl y what happen cd in the cas e uncl e r co n s id e ra 
t io n. the cion ca llu s on th e right b eco ming dir ec ted in\\'arcl and ('stal) 
li s hin g c()nnect io1l " ' ith the ca llns Oil th e le ft. \ \,ith no cU1ln ectio1l with 

Fig. 7-+- A cleft -gr a ft uni o n pr es~ ntin g a 1l1ark~d s \\'c llill g. ~l' hi s wa s du e 
t o th e Ji s turban Cl' ill c ici e nt to grOW IIl g a r Ollnd s trin g lI se d t o 1)JJl(1 th c s tock. 
Stri ll g wa s I'o unel in t h l' vaca nt s p ace ill th e s ec ti ll l1 . Th cse di s turban ce s 
ar e c lear ly n ot co n fi n e d to th e uni o n zo n es, 

the CIo n , the portion of th e stock o n the ri g ht hecam e in e ff ec t a pru
j ect in g s tuh and d ied back:, as do pru jec tin.g ~ t~lb s evcT} \\·.hcre. 

Incid entall\' it may b e r e mark ed that tbl s la !lure tu unIt e at th e t op 
is very cOIlH{; o n in i;llay bark g raEt s b ecause u f th e difJicu lly in sect lr 
in g pressur e at th e rilll o f th e s tock. J\dd ed. to th e .fact tl:at g rafts 
o f thi s so rt cannut h e se t u nti l th e b a rk beg lll s t u sltp , a tllll e ",11 en 
spray in g begin s to press, thi s diffi cu lty make s the illlay b a rk g r aft 

DEf<'ECT [VI-:: C; I U\'fTl:\ l ()~S Ii' 

l ess u seful in t h e o r cha rd th a n th e 
s lip s so fr ee ly as to mak e th e cleft 
irregular s plittin g uf the bark. 

Under the Bark- It m ay hc pointE 
ing "under th e bark" presc nt s pos~ 

Fig. 7S- The 
a ga ll du e to t 
c io n to co nn ec 
at poi nt \\h ere s 
bac k. Th e ga l 
ovc r\\'alling ca llt 
not cs tabli sh 
w ith s toc k beca 
ve lling bark a n 
s uffi c ic n t p ress u 
C ni o]] in clef t I 
gc ni a l. 

F ig ure 73 is t a k en from a bridge g 
case o f a hark g r aft. Cn ion ,,'as es 
camhiu11l r clg-cs. hu t 11 0 ph l() e lll con n 
L" nl css. th e refur e . thi s ca n he ~ccme( 
t h e hark is ra ised m()~ t. th e dllrahilit, 
conditi o n is lik eh " to ()ccnr o nl y \\ 'h; 
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less ll sef ul in the o r chard than th e cl e ft g raft, at least until the bark 
slips so fr ee ly as to mak:e th e cl e ft graft troub leso m e, because of the 
irregul ar splittin g uf t he bark . 

Under the Bark- [t may he point ed out also, at th is poin t, that g raft
ing "uncler the bark" pr ese nt s po ss ib ili ti es of unto\\'arcl d eve lopment. 

F ig. 75-The beginning of 
a ga ll clu e to the fa il ur e of 
c io n to co nn ect w ith s tock 
at po in t \\·he re s tock ha d di ed 
back. The ga ll is m erely 
ovenva ll ing ca ll us whi ch can 
not es ta blish co nll ec 1 i 0 11 

w ith s tock because of inte r 
ve nin g bark a nd a bse nce of 
surfi cient press ure to tea r it. 
1:n ioll in clef t perfectly con 
ge nial. 

fi gur e 73 is t ake n from a hridge g r a ft 'which is , ohv ious ly, a spec ial 
case of a hark g r aft. U ni on was es tab lished on three o f th e four cu t 
cambiulll edge s , but no phloe m lo nn ec tloll 'w ith t h e stock is a ppa r ent . 
"C nI ess, t h erd ()rc, t 11 is CeL n he secured nea r the end () f th e uni on , ,vhere 
the bark is r a ised m ost, th e durahility of the cion is qu es t io nahl e. Thi s 
con diti on is like ly to occur only when th e cion is se t so deep that its 
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cut ~ urfaces are buri ed deep inside th e bark, and it s o\Vn bark inter
feres \\ 'il l1 ll l li o ll near the t op of th e s tub, e ilh er with th e wood surface 
or \\'i.th lhe rai sed bark. In man y cases t here is the poss ibility th at it. 
lll ay 1l1terpolate som e of it s o\\'n ti ssue \\" ith that of the s tock and thu s 
sec ure it s co nn ect ion with the phloe m . The u ltimat e development of 
a graft of this sort might eas ily be conce ived to be rather involved and 
thi s may account for som e o f the bizarre appearances occas ionally 
presented by bridge grafts. 

F ig: 76- Tbi s \\a s int en,clccl to be a cleft g raft , as shown by the trim of 
the cIon and the fissu re 111 th e stock. Appa r ently th e cion was sct in th e 
ba rk and th e overwa llin g ca llu s of the s tock p ush ed it o utward before un ion 
was establish cd, Xy lcm frO I11 the narrow s ide of t h e cion h as shared ill 
t h is union , The ~ion J1lu st have been suppli ed by concluction thro ugh th e 
co rtex for some tIm e befo re vasc ular co nnection was es ta b lished. Th e CiOll 
~\'as set para ll el wit h t h e s tock a nd uni o n wc ll es tab lished a lo ng w ho le sur 
lace. The s tock vvas a li ve to t h e top of the s tub . T hi s case contra s t s \\' ith 
the . ti.1t,ed c ion s shown sub sc qu e ntl y. which \\'c r c faste ne d definit e ly in place , 
by l111tl a l grow th after g rafts se t. Compare wit h Fig. 77. 

Swelling at Union- Another graft ~ h O\\'e cl a large swellin g, though 
ap pa r entl y a ll ti ss ll es at the point of unio 1l were a liv e a nd g ro\V th was 
proceeding we ll. T he c ion in thi s e lse was D a ru grafted three years 
on lVIcInlosh. wh ich had been pla n led t\\ 'O years a t the time of graft
m g. An ad joining tree of the sa me variet al composit ion had a normally 

DEJlErTIVE GRAFT UN IO NS I 

smoot h union . Exam in al ion show, 
th is case was due to fa ilure to ret 
tie th e stub at the time of O' ra ftin c 

, b t 
upo n sect Ionin g . j\bove and belo 
a round th e strin g and r eunited. bu 
readjustment had persisted and nc 
ing r e-es tab li sh ed slowly. Th e 1ro 
this con fu sed co nditio1l ; t here was 
th e pear -apple or pear -quince g raft 

T h e ga ll depict ed in F'igure 75 I 
manner which had no r elation to c( 

F ig. 77-An in lay bridge g raft in , 
pressed c lose aga ills t ,.; tock. As thi s 
d eve loped f r ee ly 0 11 th e wood slirface 
e ci ge, a s in F ig ure ] 2, L'xccpt that it cd 
bricig in g th e gap. Xy le1ll cJc.ll1enls cut 

o~ a red strain of Nortb ern Spy on 
g Iven only t wo su spicious uni ons 
s t ock was small and only a sin o'le ci 
union , barring a slig ht cli s turl~ance 
of the string tie. U nion betwce n 
s ide oppos ite th e cion was cs t a bli s l~ 
therefore , the expandin g cion pu s 
and, encountering the unit ed li ve 1 
unite w ith it , g rowth o f th e cion \\' 
throu g h th e top o f th e cleft and 
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S111 00t h uni on. Exam in at ion show ed (Fig. 74) that th e cli s turhance III 

thi s case was clue to failure to r em ove s tring which had be en u sed t o 
ti e th e stub at t he tim e of graft in g; portion s of the s trin g were found 
upon sectioning. )\bove and below, th e grow in g ti ss ues had Rowed 
a round th e strin g a nd r eunited, but th e di sturbanc e occas io ned in thi s 
r eadjustment had pers isted and no rlll a l long itudinal dir ecti on was b e
in g r e-es tabli shed slowly . Th e troubl e, ho w eve r, co nsisted entirely in 
t hi s co nfu sed condition; there was no appearance o f th e sort fou nd in 
th e p ea r-app le o r pea r -clu ince g raft. 

Tb e ga ll dep ict ed in T<igure 75 r esult ed from fai lure of ulli on, in a 
mann er which had 11 0 r elation to conge ni a lity . Thi s was another g raft 

F ig. 77-An inl ay bridge graft in whi c h th e CiOIl, a t thi s leve l, was n 01 
presse d c lose aga il1 s t ,.; tock. As thi s was a protect ed WOU Il( I, p a r e n c hy ma 
deve lo p ed fr ee ly o n th e w o od s lirfa ce, Cl l1d th e cambium d eve loped a lo ng it ,,; 
edge, a s ill Fig ure 12, l'xcep t t hat it co nnec t ed a bove w ith th e CiOI1 , in s tead 0 1-
br idg in g th e g ap . Xykm e lem e nt s cut lo ng itudina ll y at 11ni o 11 , a s in !' ig ll e 76. 

of a r ed strain o f North ern Spy on L o ng fi eld, a combination w hi ch h as 
give n onl y two s uspici ou s union s in a g r eat number of cases. Th e 
stock was small and onl y a sin g le cion was se t in it . Thi s m ade a good 
union , barrin g a sli g ht di sturba nce r esultin g from t oo long r et ention 
of th e strin g ti c. U ni on be tw een th e two edges o [ th e st ock on th e 
side oppos it e th e cion was es tabli sh ed t o a point near th e top. \iVhen, 
therefor e, th e expanding cion pu sh ed "backward " t hroug h the cleft 
and , encounterin g t he unit ed live ti ssu (, b elow fr om 'within , failed to 
unit e w ith it , g rowt h of th e cion was divert ed upward a nd poured o ut 
throug h th e t op o f th e cle ft and ove r th e adjacC'llt rim . S ill c~ th~~ 
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t iss ues at tb ese points w er e d ead. t.h l.,- e was no uni ()n , a nd g r o wt.h 
co ntinu ed to a dv a nce dU\\' l1 uver th e hark u l" t h e stuc k . 1l111 ch t.he sam e 
as has b ee n d emoll s tr a ted ill th e case of the swellin g on th e prujectin g 
lowe r end o f a cio n whip g r a l'ted o n a root. S imila r swellin gs h av e 
heen obse rved in o ld saddl e g raft s and are in no ~way to l)e r egarded 
as sy mptom s of un co ngeni a li ty. Th uug h t hi s ga ll was but thr ee year s 
o ld, the first formed wood was m a rk edly di sco lor ed and many of t h e 
vessel s were plugged w ith wo u nd g u ln , 

Kieffer Stocks- A cleft g r aft uf pear. prohably Clairgeau , on Kieffe r, 
furnish ed a di stin ct swe ll ing. of a type quit e diff er en t fr um t hus e just 
discllssed and suggest in g a poorly fitted hark g r aft. except. that. th e 
s t.ock was in good conditio n tu th e t()P, w hi ch was h ea ling ove r. j \ sec
ti o n 0 1" this gral"t. presented in Fi g ur e 76. illustrates the co ndit.iul1 s 
found. The sha p e uf th e cion and the c left in t.he st.ock ind icat. e t ha t 
th e o perato r intend ed to set a cleft g r af t ; the callus fr o1ll th e stud,: 
fl ow in g into th e cleft indi ca t es that the ciun was set in t.h e hark rat. h e r 
than in the wuod and that th e callu s actua ll y wedged it outward, aidec1 
in no small m eas ure hy the g rowth frOIll th e cion itse l C. The ciull s t.ood 
out at the sam e di stan ce fro111 the original ~\Voucly cy linder o f the stork 
[or th e who le exte nt o f the cuntact surface. In t.hi s it cli ffer s fr o m 
some types to be desc ribed presently. The c ion shuwn in I<igll r e 38, 
t y pi ca l u[ the no rmal cleft g raft , occupi es perhaps a bout 10 d egrees of 
the total circumfe r e nce; ill th e pr ese nt u11iun ove r ]00 d egree s ul' th e 
c ion's s t em is deve lopin g. Th e change o f dir ert io n in the fih er s , tran s-· 
ve r se o n th e out e r po rti o n. a nd lungitudinal f01' S01ll e littl e di s tan ce 
0 11 th e s id es. indi cat es that thel'e wa s som e di stance t. o h e cov e r ed ill 
estab li shin g and maintainin g uni on . 1t h ears a rather striking res em 
bla n ce to Fi g ure 77, which de pi cts the union 0 1" a c ion selin an inl ay 
bridge a nd n o t. pressed firml y agai ns t. th e trunk at. the puint ~\\'here lat er 
t h e sect ion was cut . [n th is case pare nch yrn a t o u s ti ssu e dev eloped 0 ;1 
the surfa ce 0 1' th e trunk and th e over - wa lling ca llu s deve lop ed a lo ng 
the oute r edge o[ the parenchyma and ultimate ly conn ect ed ,,' ith the 
callus advancing from th e cio n . Examination of the se ri es of: section ::; 
taken through th e whole uni on shuwed 11 0 point w her e the cio11 ,Ya ::; 
not sepa r ated fro111 the stock by a co n s id erah le a m ount of parench ym a. 
de spite it s be in g fastened with a brac1, and indi ca t es that th e cio n ,ya s 
ac tua ll y pushed out\\'a rd for so m e distance a nd that the change in 
direction o f th e fib ers wa s a n acco1llmodat io n to t hi s movem ent. T hi s, 
then, wou ld explain the condition fo und in t h e p ear graft . 

G r afts 0 11 Kieff er have specia l intere st. s ince ther e is m o r e o r le ss 
op ini o n to the effect that Kieffer is ull conge ni a l to m a ny or a ll vari e ti es 
of p .vrlls (0 111111 lillis, th o ug h this v iew is hy no mean s un iver sal (6). One 
or chard furnished num erou s exa mples of poor uni on s . representin g 
perhaps ten or twelve standard commercia l vari etie s which h ad b ee n 
topwor k ed. f o u r )' ea r s prev io u s I y. in to J( i effers t h en abu u t five ),e ar s 
old . The occurre nce wa s so wide spread and practically without ex .. 
ception that it would h ave been accept ed as evidenc e of uncon ge nial 
ity we r e it not that good uni o n s of th e same varieties had l)een ob· 
served elsewh ere and were in fact to be found in graft s set sub se quently 
in these sam e trees. Figure 2 r ep r ese nt s a typical. not an extr e1ll e, 
case. This happen s t o involve \ Vin t er Ne li s a s the cion vari e t. y , hut 
similar condition s preva il ed in a ll others. Coincide nt with g raftin g, th e 

DE F ECTlVE CI\.AFT CNIOl\S n,,; 

orch arcl \\-a s seedecl clown to alfalf 
mad e v ery vigurou s growt h. thouf 
topwor k cel s tor k s a r e. so 111 e\\' ha t ch 
g ra I't ed In'all r h es. ~ 

F ig ur e 78 illu strat. cs t he conditio! 
Cro\\'t h tensio ns apparcnth hac! c; 

various plac es a nd \\-id c arc:ls had <1 : 

(Iui te eli iTc rcnt charact er from t he i 
pear -(Iuin cc combinat ions. but rathc 
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ga ll OIl apple. J )cspi t e t.hi s co mpli cation it is plain t.bat th e lin e of 
ulli()ll ha s not. sulTer ed a ny br ea kdown. The s triking difference fr o111 
typ ica l congenia l or uncongenial g rafts is the m ar ked change in direc
ti on o f fiher course l1larking th e lin e of union. This is found in less 
ext ensive deve lopm ent nea r th e t op o f the stock in ordina ry graft~ , 
hut the appea ra nce here far transcends anythin g observed e lsewhe r~ 
except in the inlay bridge graft (Fig. 77) \\'hich " 'a s set t oo far out to 
Illak e normal co nt.act; at thi s level the sectio n is a lmost a duplicat e of 
t.he inlay g raft. The po sition of th e ori g inal cion, as it app ea r s in se ri r~ 

Fig. 79- H.hode I sland Greening, cleft-grafted on O lden
burg (D uch ess). Swe lling on outer s ide of cion (at rig ht) ; 
apparent break in bark ncar r im of stock. 

or sectioll s 0 1" a llumb e r of th ese g raft s, sh ows that th e Clon s w ere se t 
a t a tilt , th e lO\\'er po rtion being in app roximately corr ct pos ition, 
the upper portion proj ecting as much or even more than indicated in 
Figure 78. 

The great p ort.i on of ca mhiul11 o n th e cion- fully on e-third of the 
circunlferencc- w hi ch participates in th e formation of n ew tissu e, 
coupled with it s adva nced position in r espec t to diamet er growth, gives 
t.h e cion derivativ es opportunity of expanding and occupying an in
ordinate amount of t.h e expanding circumference. In effect, in s t ead 
of one circumference expanding with the center of the s tock as center, 

DEFECTIVE GRAFT UN IONS IN 

th e conditioll ill o rdinary grafts, eli; 
[rom two di stinct centers, one at th 
another jus t out sid e it s rim. This ,' 
o n the ti ss ue derived from the stocl< 
are apparent in the bending o f the 
The inordinate diam eter growth of 

Fig. 80- The sa me, with bark removed 
ce nter. Cion had been tilted and no , 
Gradual en circling by cion cove red th e 
es tabli shed. Overwalling callus 0 11 rim , 

of the s tock and literally kept the st 
t.ain connection. 

Bark inclu sion s were found in somE 
of union (Fig. 88). They were callS' 
backward on them selves in effort to r 
an accentuation of the condit ion vis it 
th e t op of the s tock the inclusion ar 
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the condition in o rclinary g raf t s, diameter grO\dh her e is proceeding-
1rom two distinct center s, one a t the center of the original s tock a nd 
a nother just out side its rim. This would t end to produce compression 
on the tissue deriv ed from the s tock a nd indeed traces of compression 
are apparent in the bending of t he xy lem rays, but not at the union. 
T he inord ina te diameter g row th of the cion clearly out stripped t hat 

Fig. SO- The sa m e, with bark r Cllloved a nd somc of cion dissectcd away in 
ce n ter. Cion h ad been tilt ed a nd 11 0 contact es ta bli shcd at top of stock. 
Cradual encircling by c ion cove red th e area in which no contact had bcc l1 
es tabli shed. Overwa lling callus on rilll of ·tock ve ry poor ly deve loped. 

of the s tock a lld litera lly k ept th e st ock ti ss ues " s tretching" to ma111 -
lain connection. 

Bark inclusions we r e fo nnd in som e cases; not, h owever , at the point 
of uni on (Fig. 88). They were caused by the bendin g of stock fiber s 
backward on themselves in effort t o maintain connect ion with the cion, 
an accentuation of the condition visible at the left o f Figure 78. Near 
the top of the s tock the inclusion apparently divided s tock and cion; 
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thi s is expla in ed in a la t e r page. N o wher e did the bark s how the di ;,
con tinuity pr ev al ent in uncongenial g raft s. 

Apple on Apple- Th e whole co mpl ex of confused fib e r dir ec tion can 
no t he pr esented adequately by secti ons a lone. since th ese fail to show 
dir ec tion. G ro ss pho togra ph s, r eproduced in Fi g ures 79 and 80. r epre
se ntin g a g ra rt () r Eh ode I s land Greening o n Duch ess, and in Fig ur es 
81 a nd 82, t he sa m e co mbinatio n- depicted before bark r em oval by 

Fig . 81- Rh o cl e I s la nd Greenin g on O ld enburg. T hi s fi g ur e 
a nd th e nex t prese nt th e uni o n s ha v\1ll in Fi g ure 1, but with 
th e ba rk re moved. Th ey ar e a t an g les of 180 degrees and 
90 cl eg rees. r es pective ly, from the point of vi e w used ill 
fi g ur e 1. In thi s fi g ur e app ea r s a sugges t io n o f the 
processes by wh ich ba rk in c lu s ion cam e abo ut throug h th e 
g r o wth o f cio n over s tock w ith o ut J. ny union at the rim 
to pull th e ca llu s into overwallill g of the s tub . 

F ig ure l - incli cate condition s ver y s imilar to those in the p ear. Th ese 
pictur es sho\\'. to th e most ord in ary insp ection. that the s tubs are no t 
hea lin g properly: th e r e in is th e clu e to the principal difficulty in thi s 
"wh ole group of pea r and appl e grafts. 

Figurc 83 sho \\' s a pear graft. sd at a later time in th ese same tr ees. 
\\'hich wa s sho wn hy diss ecti on to have established union between stoci( 
a nd cion on th e ldt and to hav e ra il ed in this on the r ight. Th e cut 
show s a g r eat e r development of callus, continuous with the cion , along 

DE F ECT IVE GRAFT Ft\10.t\S IN 

th e rim o f th e stub at th e lef t : at th e 
not continuou s with th e cion. \\'hi ch i 
tilll e ur examination this ca llu s wa s cl 
in g r eat er detail th e conditi ons in th 
r es pective ly; unfortunat el\ ' the\, we 
pla ne. hut. a s th ey are. th e )~ sho \\: th e e 

Fig. 82-Th e to]> of th e stub sho\\ 
o f th e stoc k , a nd th e g radu a l folding 
g rowth fr o l11 be lo\\' r a th er th an fr om 
31 a nd 44. 

uni on wa s es tabli shed betwee n cion ar 
th ~ fib e r directio n at th e t op ch anged 
thI S an overwalling callus has rolled l 

stub , a s alr eady detail ed for th e hea li 
ti on w ound s. 'On th e oth er side. wh e 
a bout on e-fourth of an in ch below th e 
pushed a sm a ll unorg ani zed callu s up 
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t h e rim of the s tuh ;Lt th e left: ;Lt th e right th l: c;L llu s is s mall er and is 
not co ntinu ous with the cion. \\'hi ch is m e r ely g r ow in g over il. 1\t t.h e 
tim e uf ex amination t.his ca llu s wa s dead. Figures ~-1- a11d 85 r eprc se llt 
in g rea t e r detail t h e conditi o n s in th e s t oc k o n th e ldt a nci th e ri g l1"L 
r es p e c t i ve l y: un r 0 r t un ate I y the y \\' ere n () t cut in th e s a III e r e ]a t i v l ~ 
pla n e, hut. as t hey are. th ey sh o w th e diffe r e nces plainl y eno ug h . \ Vhere 

Fig, 82- Th e t Ol' of th e s tub shows turnin g aw ay fr o m the ri l'1 
of th e stock, a nd th e g (adual fo lding o f th e c io n ove r thi s rim by 
g rowt h from be low rat h er than f ro m a bove. Compare w ith Fig ur es 
31 and 44. 

uni on was es tabli sh ed b etwee n c ion a nd s tock: at th e top of th e st ub. 
th e fiber direct io n a t th e t op ch a n ged complete ly ( Fi g. 8-1-) a nd from 
thi s an overwallin g ca llu s h as r o ll ed up late r a ll y ove r the rim o f th e 
stub, as a lr eady deta il ed for th e h ea lin g o f amp u tation a nd decapit;L
ti on w ound s. On th e o th e r s id e, wh e r e contact "\\'a s estahli sh ed onl y 
about o n e-fourth of a n in ch b elow th e rim, the initi a l wound reaction 
pushed a sm a ll un o r gani zed ca llu s up ove r the rim. hut n o n ew wood 
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fo rmed n earby; th e cambium di ed, and th e bark a long wi lh it. As a 
r es ult the initi a l ca llu s di ed. 

Figure 86, depicting a m or e advanced stage o f h ea lin g in a w ell Jll a~l e 
g raft, illustrates th e i 111 portance of con t act at the t op 0 f th e s tuh 1.n 
ha s tenin g th e coverin g of th e cut surface. In fact. th e cle ft g ra ft l ~'; 
hut a spec ial case o f t he deca pitation \vound , w ith a ve ry sma ll hrall cl1 
aboye . Se ttin g th e' cion so that it is no t in contact a t th E' t op o f th e' 

Fig. 83- P. (011111111nis on K ieffer. This is ;-1 

m o re r ece nt g raft than th e ot he r s. On th e left, 
overwa llin g of th e s toc k is a lrea dy well und f:1" 
way, by ti ss u e co ntinuo us with th e c!o n. On the 
ri g ht , contact be tw ee n s tock a nd cIon wa s ~ot 
es tabli s h ed at th e rim ; th e s li g h t ove rwallll1g 
ca llu s fo rm ed o n th e s toc k a s primary wound 
r es po nse ha s died a nd th e c io n is a dvan cing by 
r o llin g over thi s d e:ld ti ss ue. On th e left, :l 

n o rma l uni o n deve lop in g; on th e ri g ht , a part ia l 
a pproach to th e co nditi o n sh ow n in Figure 82 
is impendin g. 

s tub is like cuttin g back to a s111all side branch and leav in g a stuh . 
Th e differ ence in th e g rowth of the t wo callus lip s on th e \vound sh owll 
in Figure 87 illu strat es th e compa rat ive slowness of overwalling w hi ch 
must surmount th e rim and it indicates the advantage of having cam 
bium contact at the t op of the stub . Failure to secure thi s a lig nm ent , 
ch a ract eri sti c o f t h e union s under present consideration , forces growth 
away from th e stub rath er than over it , in marked contrast t o the 
conditi on sh own in Fi g ure 86. 

DEFECT TVE CRAPT l'N I0NS L~ , 

In br ief, then, th ese graft unions p 
of wound r eaction. At the low er end 
correct, the fib er cours e was norm al. j 
JVJ icroscope preparation s showed no el, 
po int of initi a l union with tIl e cion. 1 

Pig. 8-1- A r ,,' dial sec ti o n frolll th 
t h e p r ecedin g fi g ur e. T he turllin g 
fro lll IOll g itudin a l to trallSVerSl' coin 
in g. ()v e n ya lJill g ca llu s cO lln cc tin! 
in g ;)S 1 he c io n g ro\\'s. T hi s cO llditi 
in g (I I" th e amp utat ion w oulld a s sh 

snm ed the c1ir ect ion normal t o a T-\\"o' 
th e tis sues appea rin g in F ig ur e 78 a r( 
in stead o f upw ard (Fi g . 82). Th e \\' 
away fr om th e rim of t he stock and to c 
contact a ll t h e expan sion of stoc k. a: 
sp r eads ove r th e st ub (F ig. 81). Thi ~ 
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In bri ef, then, these g raft union s presen t at once two di stinct types 
of wound r eaction . A t the low er end o f the cion, wh er e a lig nm ent w as 
corr ect, the fib er cour se wa s no rmal, just as in a n ormal g raf t (Fig. 44). 
Micr oscope pr epa ratio ns show ed no deviation fr onl normal. Above th e 
point of initia l union w ith tll e cion , th e st ock ti ss ne r eadjn stm ent as-

Fig . 8-t- A r z: dial sec tioll fr o lll th e lef t of the s toc k sho wll ill 
th e precedin g fi g ur e. Th e turlling of th e condu c tiv e sys te 11l 
fr nm 10 11 g itudill a l t o tr a n s ve r se co in c id es with th e ti11l e o f g rafl
in g . Overwallill g ca llu s co nn ec tin g "v ith th e c io n and g row
ill g as th e c io n g row s. Thi s condit io n is a na logou s t o th e heal · 
i ll g o i th e Zl1llputa t iOIl wound as s how n ill F ig ur e 36. 

snm ed th e dir ection normal t o a T -w ound, as shown in Fig ur e 31, a nd 
th e ti ssues appea rin g in :r<i g ure 78 ar e trendin g genera lly dmvnward, 
in st ead o f upwa rd ( Fi g . 82 ). Th e whole effect is to thrmv g rowth 
away fr om the rim of th e st ock and t o con centrat e a t th e po int of actua l 
contact all th e expa n sion o f st ock. as w ell as c ion . w hi ch normally 
spreads ove r th e stub (Fi g. 81). T hi s, ther efore, is th e cause of th e 
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swelling and of th e fa il ure t o he a l over the stub and is undouht edl\' 
the ba sis of many r eport s of "occa sio nal" u n con geniali t y. 

Th ese imperfec t uni o ns wh ich r ese mble u ncongen ia l g r a ft s in enoug h 

Fig. 85-A semi -ra di a l, se mi - ta nge n t ia l sec ti on fr om t he rig ht 
of th e st ock shown in F ig ure 83, bu t reve rsed for bett er cont rast 
w ith Fig ure 8-1-. In s tead of ca llu s ext ens io n ove r th e rim, h er~ 
is di eba ck a long th e s ide. In st ead of order ly a rra nge m ent of 
n ew xylem leading to c ion, secondar y wo und wood p er sist s, indi 
ca tin g la ck of ori ent a ti on . 

point s to b e confused with them r a t h er eas ily, havi ng even appa r ent 
break ing of t he bark (Fig. 79) a r e t o be r egarded as consequences of 
two mechan ica l irr egul a r iti es: (0) fa il11 r E' t o es t ablish uni on a t th E' t op 

lJE1,'ElTI VE GIU\FT LI\lON~ 11\ ' 

F ig , 86- R adi a l view show in g oven, 
s tub in no rm a l union , U ni on behne l 
r oug h ly with tra nsiti on fr olll tra nsv( 
lo ng itudin a lly. At th is p lane the calh 
ered t he stub. 
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F ig. 86- Radi a l V I CW showin g ove rw a lling of top of cleft-grafted 
stub in norm a l uni o n. Uni o n betwee n s tock a nd cio n corresponds 
roug hl y w ith tr a nsiti o n fr o m tr a nsve rse ly cut tiss ue t o t ha t cut 
long itudin a lly. At thi s pl a ne th e callu s, including cion ti ss ue, cov
ered t h e stub. 
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uf t.h e s to ck and (lY) th e po sition of th e cion outside the circumfer 
ence of the cambium of t.h e s tock . These arc not the same thing. Cions 
may be se t in correct <.' li g nl1lCllt hut so de ep in thc stuck that their bark 
prevc nts contact at th e t op o f t h e stock: th ese rcsult in faiiur e t o cover 
the stub, \\11ich die s hack , but th e \' have not, in the few cases observed, 
caused th c l1lark ed ccm f l1s ion at the side that is pre scnted in th e cases 
just described. 

The fact that. No rthern Spy ciuns set by the operatur whu se t the 

Fig. 87-Growth fr o m adve n tit io us bud 0 11 

ca llus li p h as s timul a t ed g rowth of lip on that 
s id e. Th is illu st rates th e handica p of th e ca llu ~ 
wh ich mu s t surmo unt a rilll , whet h er in cl 

wound o r in a g r a ft , wit h it s source of s upply 
below that rim. 

l\llOde Island Cree nin g cions, at t.h e sam e time . 111 th e sam e bl ock of 
t.he sam e va ri et y. s ho wed n o c1 i Ph cuI ty in es tabli sh i ng union. m ay l)c 
attrihuted to the differ enc e in th e so urce o f the cions. The Spy cion :; 
were taken fr om yo ung trees and w ere large; the Rhode Island Grcen
ing cions w er e cut from o ld trees and w ere below no rmal s ize. Under 
these circum st a nces an operator might readily, tho ug h unconscio usly, 
slant them somewhat more, t o en sure cambial contact, or with the same 
slant, set them som cwhat too deep and thus fail t o secure contact at 

DEFECTIVE GRAFT e NION S I~ 

the top . Herse r eport s t hat weak ci 
a nd fail t o do tb eir share in establ 
consid era ti on thi s laggard t end ency \ 
edge of til e union . thereby e nhal1Cil1~ 
ti ssue on the upper end of t he stock

L 

Fig. 88- A no th cr Ehoclc Islar 
C io n o n ri g ht cxpa lldill g so as 
iJut Illaking perfect uni on hclm\" 
sY 1llp~om o f un cO ll gc ni a iity, the 
of fa dure t o ullit e. T hi s, ho\\'e 
g ro wth o f stoc k ti ss uc whi ch sho 
a ncl g rOv\'ll upw a rd . Thi s is th e 
v ir t~a ll y m a kin g a sem i-s id e gra 
forc lJl g a clowJlward reo ri ent at io l 
un iOIl , by cuttin g off th e top. 

General Observations- TholWh tbere 
co nsid erin g Kieffer to make u~cono'e n 
fractory s.t ock, likely to produ ce Jere 
see m t o g lve m or e trouble of thi s sor1 
be a n acce nt llatecl casf'. It is quite pos 
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th e t op . H e r se report s that wea k: ci on s are slo w in initiating g r owth 
and fai1 to do th eir shar e in e s tabli shin g uni o n. In th e ca se under 
co n s id eration thi s laggard t !ldell cy would s ti ll furth er low er th e uppe r 
edge o f th e u 11 ion . til e r by en han c i n o' th e down wa rd trend o f vascul a r 
ti ssu e o n th e uppe r end of th e st oc k. in cr ea s ing th e "piling u p." 

Fig, 88-!\1 10 thcr H.hode ]S land Crec ning a ll H.u ch ess . 
C io n o n ri g ht expandil1g so a s to includ e bark o [ s toc k , 
hut Illaking perf ec t uni o n be lo \\". O n th e left , an o th e r 
sY lllpto nl o f un co nge niality , th e br cal.;:in g o f cion a t po int 
01' fai lur e to un it c. T hi s. h owcv er , is du e to downward 
g rowth o f s toc k ti ss uc whi ch s h o uld have unit ed with c io n 
and g ro\\'n upward , This is th e r es ult o f ti lting c io ns alld 
v i rtuall y llla kin g a sc m i-s id e graft a nd at t he sa me ti Ill '.' 
for c in g a downward rco ri e ntat io n o f th e s tock a bove th e 
uni o n , hy cutting o ff th e t o p, 

General Observations- Thoug h th ere is no ground in thi s s tuc1y fo r 
co n s id erin g Ki e ffer t o make uncongenial union s. it may s till b e a r e
fra ct o r y st ock, likely t o produce defect iv e unio n s. P ears in gen eral 
see m t o g ive m o r e tro uble o [ thi .' so rt than apples (16); Ki effer may 
b e a n ;) c cn111 ::\t e cl ca se . It is qlli1 e po ss ibl e tl1:1.t th ey do n ot mak e 1h e 
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r eadju stmen t s of ti ssu e n ecessa r y t o sm ooth h ealing of g r af t union s 
as r ea dily as a pple; on thi s bas is a pear s t ock mig ht m a k e defec ti ve 
uni on w ith it s own cion s. Cas ua l com pari son of micr oscope pr epa r a
t ion s of ba rk iro m seve r a l vari eti es of p ear indi cat es that K ieffe r ha s 
a g r eat er a lll oun t of scl e r ench y m a t ou s t iss u e, w hich a lways seems tu 
furni sh a n a venue fo r di ehac k inf-lu ences. O n la r ge s tubs th e ba rk not 
w ithin cl ose proximity t o t he c ion app ea r s t o di e back in th e p ear m or c 
than in th e a ppl e a nd thi s t e nd ency is pa rti cul a rl y pr onounced in Ki eff er. 
Thi s va ri et y may in a pure ly m ec hani ca l way justify th e ge ner a l r epu 
tation it has a cquired as a s t oc k . ,\'h en it is not handl ed prope rl y. Th er e 
is, however , abunda nt ev id ence in m a ny or cha rd s th a t it can be m ad e 
t o est a bli sh good uni on s with st a ndard vari eti es, as th e r e is a lso th a t 
Rhod e I sland Gr eenin g unites w ell with O ld enburg. if th e cion s a r e se t 
properly. 

Tilting of cion s does no t in it se lf brin g a bou t the condition s described 
her e. So m e perf ectl y good union s hav e b ee n es t abli sh ed \\'ith tilt ed 
cion s; in th ese cases, how eve r . co rr ec t a li g nm en t \\'as es tabli sh ed a t 
th e top o f th e s tock a nd the c ion pivot ed inwa rd helow th a t ' po int. so 
that th e onl y contact w as a t the t op . A uni on o f thi s so rt should heal 
without se rious diffi culty . Tiltin g does . how eve r. introdu ce a n e l e m ell~ 
of uncertainty. It is just as ea sy. if not ea sier. t o es tab lish ~ontact a t 
the rim w ith a straig ht as \\'ith a tilt ed c ion ; thi s be in g the ca se. th e r e 
is no r ea son fo r , a nd so m e r easo n a g ain st , tiltin g the c ion . E ve n \\' itl! 
the bes t e ffort a t exact fit , d eviati on is g r ea t enoug h . 

NEW DEFINITION NEEDED 

Finally . a ssembling the plain ev idence from th e pea r -appl e . th e pear
quinc e and th e m ech a ni call y defecti ve uni on s. a tt enti on m ay b e dir ect ed 
t o it s broader impli ca ti on , H orticultura l and bo t a ni ca l lit er a ture d ea l
ing with g raft s t ee m s with stat cm ent s a nd in r er e nces predi ca t ed o n th e 
ass umpti on th a t a sw ellin g at th e uni on r etard s conductive processes of 
one sort o r a noth er. that it is jn'}' .1'(' an obst a cle and a n acco mpanim en t-. 
if not th e cause. o f un conge niality, Tn th e m a t e ri a l her e d esc rib ed, th e 
111 0s t un conge nial uni on produ ccd no sw elling whatever a nd the g r ea t 
es t sw elling found is du e t o m echani cal diffi culti es r a th e r than ph ys iol
og ical in compa tibiliti es , Th e mag nitud e of th ese sw ellings correspo nd s 
w ith the gro wth m a de by thc c ion ; wh er e conducti on , as indi cat ed 1>)' 
g rowth , is bes t. th e sw elling is grea t es t , Th e r ela ti onship b etwee n 
swelling at th e uni on a nd co ngenia li ty is negativ e. ra th er tha n pos iti ve. 
in thi s se ri es. New co ns id eration o f o ld opinion s based on wh at now 
appea r s t o be a n unr eliabl e ind ex of conge ni a lity m ay w ell a lter m a ny 
concepti on s o f th e r elati on ship be tw ee n s tock and c ion . 

DEFECTI\TE GRAFT l'NJO NS IN 

1. De f~,c t~ve g ra f ts of a pp l e on , 
pea r on h. le i-fe r wer e examin ed fo r e 

2. T o es t a bli sh cr it eri a hr \\' hi ch u 
wo uncl s, s u ~cessf ul grafts a ;](.1 g rafts 
we r e exa mll1ecl. 

3, ~ n wo u,nels, w bere cu nge ni a li ty 
,:'e r e i O;I!1d 111 th ~ d,e ta il s 01 t he pro 
ll sheel . I hese va n a t lO ns a r e incluced I 
wo und surface, of t he environm ent, an 
m enta lly, how eve r , the va ri a ti uns a l 
th e bas ic process t o go on uncle r a "' i( 
process is ca mbium ac tiv ity. 

-t . Fina l h ea lin g, i. e" th e estahli sh 
~ \\'ouncl , is acco mpli shecl ac russ a z(J nl 
IS, so m etim es a Vroc!u ct o f the Jll urp h 
blUm a nd so m etll1l es- wll er e hea lin o 
ch)' 111 a. 1 n a n y case. p r esS ll re is an in~ 
securin g it, in m a ny cases. throug h fi 
,5. H ea lin g o f cl ecapitat ion wu un cls 

~ I o n W O Ull d '~ ~l i ch in t ll rn is bu t a SpE 

111 a1 w ound. .J he n ecessa ry r eaclju stm 
seem t o r eqUlr e a longe r p,eriocl th an 
wo~)(ly 'p l ~n t~. T he decapitat ion ,rou 
of It s s lmllanty t o th e wo un d made in 

6, U ni on by g r a f t in g repeats th e 
wo uncl s und er r a th e r favo rclble circu m 
o r, th e pa r ~ n c h y 111 a t 0 u s z 0 11 e, th e p r i r 
w lt.h th e cl1 s t a nce bet wce n t he camhiu: 
g ra ft s with rat he r poo r fittin o' of ca m 
good unio ns- if th e cions livtloll o' elle 

7. Budding differ s fro m gra ft~l g i 
twee n th e surface of t he ca mbium on 
wood surface o f th e stock . Eve n in SI 

p,ea r tl} ~ r,e is 1ll o r e 01: less pa r enchy m; 
c lu,n , I hI S t y pe of prIm a ry uni on is nc 
unI on m ay occur a t th e ecl o'es of t he 
bud uni on s invo lve m or e or l ess uni on 

~. Un ~ol1 ge ni a l g ra ft s, as r eprese nt 
qUll1 C~, cllffer :fr o ~n co ngeni a l g rafts p 
Ca mh1ll1l1 co nt111111t)'. T he brea k: in t h 
th e end of th e oTowill 0' seaso n ' r e-O' I" 

b b " , b ( 

l ~ss co m.m on w ith a cJ va ncin g year s. As 
b.ILlm fa Ilure leaves a zo ne of par enc 
t Iss ue be t\;veen t h en? B~th t he t ransp 
heco m e ge ne r a lly cJl scontlnuous. 

9, T h e cases o f cJw a rfin g here cons ic 
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SUMMARY 

1. D efec ti ve g raits o f a ppl e on app le a nd oi va ri o ll s vari eti es O ~ 
pea r onl( ieffe r we r e examin eci io r ev id e ll ce of llll co ngcni a lity. 

2. To es ta bli sh cri te ri a by \\'hi ch ull co ll ge ni a lity co uld he det ermi ned, 
wo unds, success i ul g ra it s a nd g ra it s ge ner a lly accepted as un co nge n ial 
we r e exami ned. 

3. In wo und s, w h er e congenia lity is assured, con sider a ble varia ti on s 
we r e fo und in t he deta il s ot th e processes by whi ch h ea ling is estab ·· 
li shecL These va ri a tion s a r e induced by di ffe r ences in th e nat u re of the 
wo und surface, of t he env ironm en t, a nd of the v igo r o i t he t r ee. :Funda 
me nta lly, how eve r , t he va ri a ti o ns a r e b ut adju stm ent s \\ 'hi ch pe rm it 
th e bas ic process t o go o n und er a wi de r a nge of co ncii t i() ns. 'rhi s basic 
process is camb ium act ivity. 

-to Fina l h ea lin g , i. e., th e es t ah li shm en t of ca mbiu1l1 c() nt inuity OV('I' 

a w ound , is acco mpli shed across a zo ne o [ pa r enchy m a tull s ti ss ue, w hi ch 
is som etim es a p r odu ct o f the m orph o logically inn er s id e 0 1 th e ca m 
bium a nd so m etim es- wh er e h ea lin g is slo w- across co rti ca l pa ren
chy m a. In a n y case . press ure is a n important agent in iurth ering union. 
securin g it , in m a ny cases, thro ug h fi ssures in the co rk envelope. 

5. H ea ling oi decapita ti on w ound s is a specia l case of t he a mputa
t ion wo und w hi ch in t urn is bu t a sp ec ia l case o [ th e surface longitud ·, 
in a l w ound . T he n ecessa r y r eadju stment s in ti ss u e o ri entat ion in appic 
seem t o r equir e a longe r p,e ri od th a n th ose r ep ort ed ior ce rt a in oth er 
woody plant s. Th e decapita tion w ound is o f spec ia l int erest becau st~ 
of it s simil a rity to th e wound m ade in th e st ock fo r c left g r a fti ng. 

6, U ni on by g r a ftin g rep ea t s the processes obse r ved in h ealing o[ 
\\'Ollllcl s und er r a th er favo rable c ir cum sta nces . Th e width a nd clura ti o11 
oi th e pa r enchy m at o us zo ne, th e prim a ry w ound st age. var ies chi eH), 
w ith th e di st a nce betw ee n th e cambium edges of st ock a nd c ion . Even 
g r a ft s with r a th er poo r Rttin g of ca mbium edges m ay g r adua ll y m ake 
good uni on s- i i t h e cions li ve long enoug h. 

7. Duddin g d iffe r s iro m g ra itin g in th a t th e prim a ry union is be 
twee n th e surfacc of t he ca mbium un th e s hield and th e m eri st em a ti c 
wood surfa ce o i th e stock . J~v e ll;n success ful bucl uni o ns o f a ppl e a nd 
pea r the re is m or e o r less pa r enchy m a int erve nin g betwec n stock a nd 
c io n . Thi s t ype o i prim a r y uni on is no t , how ever. essenti a l, sin ce g raft 
uni on m ay occur a t th e edges of th e shi eld , as in chip bu ckling. All 
IHld uni on s involve m ore or less uni on by g r a ftin g. 

8. U nconge ni a l g r a ft s, as r ep r esented by p ear on apple and pear 0:1 

quin ce, diff er irom congenial g r a ft s principa lly in fa ilure to 1nainta in 
cambium continuity. T he brea k in the cambium com es appar ent ly aL 

t he end of th e g rowin g se a son ; r e-gr a fting o ft en occurs but becom e:,> 
less common w ith ad vancin g years. As s tock a nd cion expand, t h e cam 
bium failur e leaves a zo n e 0 i pa r ench y m a t ous, som eti mes suberized. 
ti ss u e be t ween t h em . Both the tr a n spira tion ch a nnels and t h e phloem 
beco m e ge ner a lly cli scontinuous. 

9. T h e cases o i d\\'a rhn g h er e consid er ed see m to h e :1 ssoc ia t t' rl wjth 



104 JVfJ CHJ GAN TECHNICAL BULLETI N NO. 99 

phloem di scontinuit y. The effect is, appar ently, r ec iprocal. Th e stock 
is dwarfed and in turn dwarf s th e top. 

10. 'rh e mor e uncon genial g raft, pear o n apple, produced n o swell
in g at th e union and h ac! non e of th e ext e rnal appearance s ge n erall y 
a ssuc iat ed w ith uncollgeni a lit y. 

11. Defectiv e unions of appl e Oil appl e and pear on Kieffer were 
fuund to be produced by faults ill sett ing of the grafts. 

12. In inlay g raFt s lack of pressure be tween stock and cion may 
j eopardize th e ultimate h ea ling of the uni on. 

13. Contact h e t\\·een cambiu1lls of stock and cion at the t o p of th e 
stuh is essentia l to prope r h ea lin g of g raft union s. Tilting of c ions, 
prev enting contact at the rim, gave ris e to tissue change s which re
t euci ed cove rin g of th e stub. pruducing cons ide rabl e swelling at th e 
union. and prociuced th e genera l appearance often co n side r ed t o char
acte ri ze unconge ni a l uni o n s. I nte rnally. h oweve r. th e r e ·wa s n o evi 
de llc e of tissu e break-clown s uch as characte rizes the uncongenial 
uni ons . and th e se union s are not r egarded as uncongenial. 

1-+. f11 th e various unions. th e m ost un conge nial procluced n o s \\·e ll 
ing and th e g r eatest s \\·e lling occureel in g r af t s \\·hich a r e n ot unc on·
g e n i a I. \\' i t h i nth e I a tt erg r 0 up th e s w e 11 i n g s we reg rea t es t in th e 
spec im ens which were m ost vigorous. This seems to indicate that the 
swellin g is not /7c r sc an important obst ructi on to transpiration o r trans 
locat ion. that iti s not /7cr sc a s ig n of un congeniality and that lllucl' 
horticultural thuught founeled on assumption of con n ec tion b e tw ee n 
uncongcniality a nd s\\·e llin g at th e union lllay b e modifi ed b y r e-ex-
a lllin ation with o ut thi s dubious pr emise. 
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