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Grafting in the Apple Orchard 

JI. l \. CA ! \])!l\ ! ~ U , A J'\]) r;-. C. 13!U\JJFO !\ !) 

l i\,(~ ll tlwugh th e fr ui t g ro\\'cr buys hi s tr ees r eady - made . budded ()r 
grafted in the nurse ry . he is lik e ly soo ner or later t o enc() un ter CO ll ­

tin gencies " ' hi ch r ender graft in g desirab le o r e ,'c n necessa r y, Nurse ry ,· 
men occas iunall} mak e mistakes and so m e of the- r eady - mad e trees ma," 
prove , on co min g into hearing, to be of ya riet ies othe r than the labe ls 
indi cated. C r () \\ 'ers, tou, so m et im es mak e Illi sta k es and o rd e r ,'a ri et ies 
\\ 'hich pro\'(' und es irahl e. Exa mples of these cases will occ ur to e ,'ery 
exper ie nce d f ruit gru \\'e r. :M a r k e t (ond iti o n s m Cl Y cha nge , J ea vi ng t b(~ 
gTO\,'c r "'ith an n rc hard oi trees hearing fruit \\' l1i ch cann o t he so ld 
;Lchantag'C() usJy, ; lS has h a ppe n ed in parts o f 'Michigan o n a la rge scale 
\\ ' itb the Duchess ap ple . In () th e r cases, 111 a rket d e mand s may render 
desirable the g r()wing of ce rtain \'a ri cties s uch as Grim es , Kin g, o r R ed 
Ca nada (Steele's H.ec1) , "'hich do hcst \\' hen gr()\\'n ()n a ha rdier ()r a st ur ­
dier trunk. rn s till ot hc r cases, though the ,'ar id ' femains un changed, 
I T jl a ir ". 0 r k c sse n t i a I to k ee pi n g th e t r c e i n g () (l d c ( 111 c1 i t i on 111 a y i 11\' () h (' 
l.'c rLain ty p es uf g rafting. 

Th e present pape r is lwt intellded as a n exhau s ti,'e treat ise o n tile 
cur iosi ti es of g ra ft in g. The ex per im c ntall y inclin ed person ,,·ill S()() ll 

di s c u \'(.' r t ha t t 11 ere i san a 1111 () S t e n die s s y a r i e t)' i nth e p 0 s s ib Ie IV a y .; 
()f mak in g g rafts gTO\\' a nd that a lm ost ('\'er)' rule g i,'en may be yio-
1ated and st ill so m e grafts wi ll take. ~rany generatiuns ()f exper ience, 
11O\\'e\'er. hay e ShOl\, 11 clearly that ccrtain mcLh ods ar c 111 0st likeh' to he 
:' l1 ceessful und er o rdinar y c;)1lditi on s. These a r e pres e nted h e r e.' 

DEFINITION OF TERMS 

Stock, s ig nilies t he r ()ut. tr ee . ()r po rti o n of a tree, int u \\'hieh the graft 
is set. O rdinaril y it furni sh es the r uot syste m of the co mpleted t r ee 
and it may iurJ1ish a pu r t io n of t he top. 1 n J11 0st cases it is grown fro 111 
seed. 

Cio n denotes t he piece of t " 'i,g' g r tlft ed into the s t ocl..:-. From it gro\\'s 
a hranch or a "'hole t r ee t. o p w hi ch hea r s fruit according to its k ind. 

Cambium layer r efe r s to a ce rt a in laye r of li v ing cell s surroundin g 
all woody portiolls of the t r ee. During t h e g rowing season these cell s 
~]I'e constantly di"iding. forming n ew ce ll s ; those prod u ced on t h e in­
s id e. form wood and those o n the out s id e form the inn e r bark. Conse­
quently the ca mbium laye r is the so urce of a ll g rowt h in the t hi cknes-i 
() f t he \\' 00 cl Y s t e 111 a n cl () f 111 () S t r a llu s f () r 111 at i () 11, par ti e 111 ~l r I y i 11 o ld c r 
\\'ood. It is tbe 111 USt distinctly li" e tissue in the s t e l11 a nd it s presen'a " 
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tion is essential to further growth. Recent investigations in lVlass;1 -
chusetts have shown this layer in young apple wood to be fro m six to 
ten cells only in thickness. Therefore the exact limits of this zone 0 [ 

g rowth can hardly be discerned with the unaided eye. Its locat ion, hO\v­
ever, can be recognized from tile statement that peeling the bark from 
the tree while the bark is loose ("slipping") splits the cambium layer, 
part adhering to the bark and part to the wood. The paste-like sub­
st ance that can be scraped at this time from t he wood surface exposed 
by li fting t he bark, is composed in part of cambium- like cells. 

Top-working means the grafting over of a tree on t he trunk or in 
t he branches, as distinguished from grafting or buc1cl ing near the ground 
or in the roots . 

SELECTION AND CARE OF CION WOOD 

Cion wood should be selected from the most recent growt h. For ex ­
ample, cions set in the spring of 1925 should be cut from wood grown ill 
1924. This can be distinguished readily from older wood by starting 
a t the tip and proceeding back\vard to the first ring of scars encircling 
t he twig (Fig. 1.). This ring marks the position of the bud scales 
w here growth for the year began. Behind it the bark differs markedly 
and in vigoro us trees the older wood has spurs instead of the simple 
buds that characterize the young wood. For the increase of cion wood 
of a new or rare variety, so me what older wood may be used. Cions 
cu t from three-year wood hav e grown in the college orchard, but the 
percentage of "take" is low, and older \vood should not be used for 
commercial top-working. An exception t.o this rule, applicable under 
specia l conditions in bridge graft.ing, is noted later. 

Twigs which have made a growt.h of from one to t.wo feet. in the last. 
season ordinarily fu rnish the best cion wood. Cions the thickness of 
a com mon lead pencil are preferable . Very careful investigation ill 
Illinois has s hown that the position of the twig on the tree is of no im­
pOl- t ance. \IV ater sprouts make good cion wood- provided they do nut 
originate below the graft- if the buds arc well developed and the wood 
well matured, and the available evidence indicates that grafts from 
water sprouts will make just as fruitful trees as those from any other 
position on the tree. Furthermore, as they remain dormant longer. 
w hen cions are cut late the water sprouts make the best cion wood. The 
only obj ection to them lies in the fact that they are likely to be imma­
t u re and if the cions arc cut in the spring this wood may have been 
da maged some ~\Vhat by cold weather. Very vigorous growths on the ends 
of branches a r e open to the same objection. Twigs showinv. disco lora­
t ion in the pith or .wood should be discarded or cut back to sound wood. 

Immatu re tips should he discarded, not only because of t heir liability 
to w in t er inj u ry, but because they are likely to have poorly developed 
buds, and to lack stored food material s for forming callus tissue and 
star t ing growth. The bases of very vigorous twigs also may be poorly 
suit ed to use as cions. Other things equal. if a long twig be divided 
in imagination into four sections of equal length, the best cion wood 
w ill be fo u hd in the two inner quarters . Twigs showing many aphis 
eggs should be cleaned or discarded, preferably the latter. 

GRAFTING r 

Cion s may be cu t at any t 
t he fa ll they will be safe frO I 

zontally in 1. we.ll drained spo 
drying out is ample. Cions eu 
by burial in a snow-drift on tl 
ping of the bundles in cloth 
contact with earth , w ill save 
and perhaps save the spoilin~ 
does adhere , the twigs should 

Cions should be dormant v 
even practically essential. D< 
which have advanced to the bl, 
but the percentage of "take." . 
of the buds on the cion. Sir 
failure of any considerable 1 
impair the ul t imate success of 
buds are opening should no 

Fig. 1. Cion wood. At the riE 
the center twig is good except VI 

type which o ften deceives the unl 
fined to a very small portion ne2 
wood. Note the way the buds st 
like those on th e other twigs, but 
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Cions may be cut at any time while they are dormant. If taken in 
the fall they will be safe from winter injury; they can be buried hori­
zontally in '1 well drained spot; depth sufficient to protect them against 
drying out is ample. Cions cut in midwinter have been kept successfully 
by burial in a snow-drift on the north side of a building. Careful wrap­
ping of the bundles in cloth or heavy paper to keep them from direct 
contact with earth, will save the edges of the knives at gTafting- time 
and perhaps save the spoiling- of many cions from dull knives. If soil 
does adhere, the twigs should be washed before they are cut into cions. 

Cions should be dormant when they are set. This is important and 
even practically essential. Dormant cions will grow if set into stocks 
'which have advanced to the blossoming- stage, or sometimes even farther, 
but the percentage of "take," falls off very rapidly with the advancement 
of the buds on the cion. Since, for reasons to be explained later, the 
fai lure of any considerable portion of cions to "take" may seriously 
impair the, ultimate success of thos e which do, g-rafting with cions whose 
buds are opening- should not be attempted, unless under exceptional 

Ii 
j, 
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- \ 

-, 

'.~ 
;;,.. 

Fig. 1. Cion wood. At the right the tip is undesirable because of immaturity; 
the center twig is good except very close to the base. At the left is a twig of a 
type which often deceives the unobserving. The growth of the past season is con­
fined to a very small portion near the tip; the rest is too old to make good cion 
wood. Note the way the buds stand out on this twig; these buds are not lat erals, 
like those on the other twigs, but are on very small spurs. 
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conditions. 1\s a temporary means of prcscning a nd in cr eas ing a suppl y 
o f rare c ion wood which would b e lost othe n visc, it is jus tifiable and 
may even be m easurably successful , particularly if th e grafts ar e shaded 
for a tillle with paper sac k s, but if do rmant c ion s are lacking commer­
cia l top-working should he pos tpon ed. Sometimes. aft e r all "wood suit ­
able. for cions in th e o rchard has start ed, it is s till poss ibl e to obtain a 
limited supply fr o m trees in a nursery storage shed. 

SEASON FOR GRAFTING 

Grafting for t op- \vo rking in the apple orcha rd ca n be done t o best 
advantage at about the time w hen the buds are beginning to swell. The 
cleft and tongue ( whip ) grafts , u sed in top-\\·orki ng, m ay be made while 
stock and cion are st ill do rmant or the y may b e made with dormant 
cions on tree s which have advanced to blossoming, though this last tim e 
is rather late for best r es ult s. The period just befo re the bark begins t o 
slip offe r s so m e. advantage in clef t graft ing becau se at this time the 
bark and the ",.rood split at th e same point while w he n th e bark begins 
to slip it sometime s split s a little to on e s ide of the cleft in the \yood 
and the proper placing of th e cio n becomes difficu lt . 

Bridge. grafting can he done much 1110rc eas ily and with a higher 
propo rtion of "takes" after th e hart\: has begun t o slip. Any of the 
methods u sed in adjusting the cion to the tree for hridge grafting in­
volves th e rai sing of more o r less of t he bark a nd to do thi s, before the 
bark slips, without damaging the ca mbium la yer o n the wood of the 
s tock is extr e m ely difficult, if not impossibl e. 

THE CLEFT GRAFT 

The cleft graft is mad e by in serting the cio n into a split in a stu b 
le ft upon sawing off a branch , o r , so m et im es in s mall trees, the main 
trunk. 

Discrimination in se lect in g the points \\" here the li mbs are cut wlJJ 
be justifi ed by the results. For reasons which will appea r presently, 
grafting of limb s at points where t h ey are ove r two inch es in diameter 
should n o t be. attempted a nd cleft grafts set in limb s of diameter less 
than an inch will require spec ia l atte nt io n . Selection of points where 
the wood is s traight-g rained a nd free from la rge kno t s o r scars for 
six in ch es below the cut wi ll ens ure a s traight and unifo rm cleft and 
thu s help materially in fitti ng- the. cion. Furt herll1ore, se lec tio n of these 
points should b e mad e with the recon s tructed tree in mind . Of thi s, 
too. more later. 

The cut s ho uld be mad e squar e. T hi s is not of particular impo rtance 
so far a s concerns the "take" of the cio n s . but it fav o r s complete. hea l­
ing. Furthermore, it permits m o r e latitud e in the dir ection in which 
the cleft is made . Some o perato r s smoot h the cut wit h a knife; others, 
u sing a saw with fine teet h and littl e set, mak e n o further attempt at 
smoothin g . In mo st cases, howeyer. there is littl e discernibl e differ ·· 
ence in the r es ul ts. 

GH.AFTI NG 

/~ 

Ir 

Fig. 2. A grafti l1 g tool for st 
well from the cutting portiol1. 
Lower the h and le fo r small s toel-

'J'he cleft can be made 111' 

thi s purpose. Its nature is 
b e purchased from the larg 
made by a blacksmith. T he p 
edge is t o ensure cu t tin g 0 

b efor e the wood is split. thl 
hark. Besides this, it ,,"ill; 
twi st ed grain. If one of th e: 
job. where there is cons id cra 
grafted, the radiu s of curva t 
edge can be made to fit th e 
the s mall e r should this raeli 
it )"'), as show n in F ig. 3. 
curva ture in the cuttin g eel 
suited t o stubs of a ll sizes. 
s mall e r w ith very littl e cu tt 
edges of the large r before s 
within the bounds of pract ic 
approach to an edge o f thi s 
less s t eadily in cr eas in g radiu 
holding th e handle upward; 
ing the handle down adjusts 
can b e reached fairly \yell b) 

Fig. 3. Illustrating the r easor 
shown in Fig. 2. Uniform curval 
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Fig. 2. A g ra f t ing too l fo r stocks of va ri ous sizes. The "edge should set out 
we ll from the cutting porti on. Note the va ry ing cu rva ture of th e cutting edge. 
Lower th e ha ndl e for small stock; rai se ha ndl e for la rge st ock. 

Th e cleft can l)e mad e most ad\'antageously \yith a special t ool for 
thi s purpose. It s nature is indi cated in F ig. 2; tools of thi s so rt can 
be purchased {rom th e larger see e! and s upply hou ses, or they can b e 
made by a blacksmith. The purpose o f th e concav e outlin e o f th e cutting 
edge is t o ensure cutting of the ha rk, particularly in the upper part. 
befo re th e wood is spli t. thus ii1 so me m eas ure avoid i ng t ea ring o f the 
hark. Besides thi s . it will a id in securing a uniform cut in ,,"ood of 
twi st ed grain. If on e of the se tools is t o he made primarily for a s ingl e 
job . where th ere is con sid e rabl e uni fo rmity in the s ize of the stub s t o he 
grafted , the radiu s of curv ature, ("degree. o f co nvexity") of th e cutting 
edge can be made to fit the s ize of the stubs . The smaller th e stub s, 
the small er should this radius he ( th e great er th e "degree of convex ­
ity" ), as sho w11 in Fig . 3. T he types co mmonly so ld hav e a unifo rlll 
curvature in the cuttin g edge and for this sea son cannot be equally 
suited t o stub s of a ll sizes . If th e t oo l fits the large stub it splits the 
s mall er with very littl e cuttin g; if it fits the small stub it crushe s th e 
edges of the la rge r before splitting begin s. No edge has been devised 
within th e bounds of practi cab ilit y t o fi t a ll stubs equall y well. but all 
approach to an edge o f thi s kind can be made with a curye o f more O i­

less s t eadil y in creas in g rad iu s (Fig_ 2). \ Vith the t oo l sho wn in this cut. 
holding th e handl e upward adjusts t he ed2-e to th e large r s tubs, hold ­
ing th e handle down adju st s it t o the s ma ll e r and the interm ediate s iz es 
can be reach ecl fa irl y \yell by holding th e handl e leve l. 

Fig. 3. Illu st ratin g the r easo n for t h e va rying curvature of the cuttil1 g edge 
shown in Fig. 2. U niform curvature does not fit s tocks of various sizes. 
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Fig. -to Lion s trimmed for c1dt graft. 

(ions for top-working are generally cut to three buds. They are 
trimmed about one -; fourth inch above the top bud, with the cut slopinO' 
somewhat down to the side opposite this bud. Terminal buds may b~ 
flower buds and should be discarded. The lower cut should be made 
one and one-half inches or more below the lov,rest of the three buds. 

Fig. S. Drawing the b evel out to a point (right hand figure) is likely to dilllini sh 
the extent of the contact surfaces and to produce a "rocking" cion. 

GRAFTING r 

B 
F ig. 6. Why some grafts fai l. 

can come abou t in mor e than one 
set ; B shows fa ilure of contact th 
throug h undue thi ckness of inner 

T he bevel cuts shown in F 
g reat es t poss ibJ e cambial co 
is of t en di stinctly und es irabl 

Fig. 7. An old graft. The basal 
crotch. 
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Fig. 6. Why some grafts fail. Lack of cambial contact between stock and cion 
can come about in morc than one way. A shows grafts properly made and properly 
set; B shows failure of contact through setting the surfaces flush; C shows failure 
through undue thickness of inner part of cion. 

'The bevel cuts shown in Fig. 4, should be so made as to ensure the 
greatest possihle cambial contact. It is not necessary, and in fact it 
is often distinctly undesirable, that the cion be trimmed to a pointed 

Fig. 7. All old graft. The basal bud has made a strong side branch, with a strong 
crotch. Contrast with Figure 13. 
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wedge. Fig. 5 shows that this so rt of wedge oft en r educes the area of 
possible contact and, furthermore, sin ce the contact surface is reduced 
the cion is held less securely and is likely t o "rock" at a slig ht touch 
or t o blow ove r later when it has grown enough to present cons id erable 
surface t o the wind. Extremely long cut s, drawing the wedge out to a 
very thin point have no specia l advantage, except a poss ible greater 
ca mbial contact. Ac tually, hovveve r , in many cases thi s possibility fails 
of r ealization. :Min or irregulariti es in cion or in s tub make very long 
contacts difficult to establish. In addition, the thinness of the "wedge 
exposes the pith on the bevel surfaces and cut s th e w oody cylinder 
surrounding it into two separate pieces w h ic h turn or cru sh under the 
compression of the stump when the g raft ing wedge is removed. This is 
particularly important in small cions. 

Fig. 8. Another cause of failure- irregul ar bevel, gen era ll y the re sult of poor 
edge on kni fe or fa ilure to employ a draw cut. The han d s hould be h eld rigid 
and the arm muscles used in moving the k nife. 

The upper edge of the bcvel cut s should be at, o r s lig htly belo\V .. the 
level of th e lowes t of the thre e buds. Stored food rcserves are more 
abundant here and callus formation, essential t o the graft union, i :3 
mor e abundant. 

The "outside" of the cion should be thicker than the "inside." T hi s 
cns ures co ntact betw een th e s toc k and the cion at the r egion of tll \.' 
cambiulll (Fig. 6). If this precaution is not taken. a s lig ht accidenta l 
un evenne ss may prevent the cl os ing of th c st ock suffic ientl y to bring 
t he oute r edge in contact with the cion. 

The lowest hud should be on the out side. This ensur es the placin ,!:;' of 
the zone of ri chest callus formation at the po int where ca ll1bial co ntact 
can he secured with greatest certa inty and where th e uni on hetwccn 
stock and cion is of greatest importa nce to thc suhseq uen t hea ling (Jf 
the stub. Furthcrmore, in man y cases . from this bud develops a shoot 

CR !\FTT. "C r 

which can he dcycl oped into 
(Fig. 7). Jf this bud faces i,­
g row out across the stub and 
agc will crow el it against t il( 
] II addition, t hi s yo ung shoot 
t hi s should he on the. out side I 

of the graft uni on rather thal 
IV hi ch tends t o wedge the sid 

The bevel cut s should be ce 
contact will be much reduced 
8 and 17). The surest mean s 
with a rigid and very sharp tt 
grasp the cion in the left hanl 
the thumb and resting on the 
upperm ost. \ ,Vith the ri g ht I 
with the tip pointing a lit t le 
ing bes id e the lowest bud an( 
cut . 'The cion is then rotate 
to the right and down; the It 
the cion is rolled between til 
assumes a horizontal pos iti or 
blade pointed to the left and 
the cion. T he second cut is 
t he cut is mad e by dra"'illg tl 

SETl 

The cleft stub is "'edged ; 
default of a better too l a scre 
into the fissure and t hen tun 
factory, howeyer, t o use a ' 
splittin g . A smooth " 'edge 
c ut. 'Th is can be prevented 
the wedge; these should be a 
freed readily after the cions ;: 

The cion should be inserte, 
tically con tinuous with that 
of successful grafts has show 
to a "take," but contact so far 
Fai lure to secure t hi s relati\ 
set ting the c ion with its SUl 

gard ing th e difference in thi, 
on the cion. 

Sometimes th e cions are til 
tact since th e layers mu st ere 
bcen cut perfectly, it is dan§ 
point where there is no camb 
disturbed after the " 'axing is 
should he inclined outward r; 
s ihl e, crowding of the shoots 



C R A F TT N(; TN THE .'\ PPLE ORCH ARD 11 

which can he developed into all importanl part o f th e ne w frame work 
(Fi g . 7) . If thi s bud fa ces in any o the r dir ec tion the new shoot must 
g row out a cr oss th e s tub and it s subsequent expan sion with increasing 
age will cro wd it aga in st th e s tub w ith ultimate danger t o th e graft . 
] n addition, thi s yo un g shoo t stimulates w ood formation below it and 
t hi s should he on the. out side of the cion ,,·here it increases the strength 
of the g ra ft uni on rath er than on the inside where it only makes callu s, 
'which t end s t o wedge the sides of the st ock farth e r apart. 

'rhe beve l cut s should be continuous and unifo rm. Otherwise cambia l 
conta ct "\vill be. much r educed and the cion less securely anchored (Figs. 
~ and 17) . Th e sures t means of sec uring a uniform cut is t o use a knif e 
with a rigid and ve ry sharp thin blade. Experienced operator s g enerally 
g rasp the cion in the left hand, holdi ng it horizontal , with the tip under 
the thumb and r es ting on th e. fir st two fin ge r s and with the low es t bud 
upperm os t. \ l\1 ith th e ri g ht hand ho lding the knife almos t vertical but 
with th e tip pointing a littl e t o the rig ht, the fir st cut is made, star t­
ing bes id e the lo \\"es t bud a nd proceedin g t o the end with one shearing 
cut . T he cion is t hen rot a t ed so that th e basal bud m oves 90 degrees 
t o th e right a nd dow n; th e le ft hand r emains in the same pos ition and 
th e cion is r oll ed bet\;v ee n th e thumb and for e fing er. The right hand 
ass umes a ho ri zonta l pos ition, with the back of the hand up, the knife 
blade po inted to the lef t a nd very slig htly down, and th e thumb below 
th e cion. T he second cut is made fr om thi s pos ition. In each case 
th e cut is made hy dra wing the kni fe t oward the operator. 

SETTING THE CIONS 

T he cle f t stub is " 'edge d apart far enough to admit th e cions. In 
default of a be tt er too l a sc re,," dri ve r may be used, inse rting the blad e 
into the fi ss ure an d t.h en turning it. It is more convenient and satis ­
fact ory, hmve \"e r , t o use a w edge attached t o the t ool used for the 
splitting. A smooth wedge w ill sometim es give troubl e by slipping 
c ut. This can be. p r eYented by a few' ridges pointing backw ard on 
th e wedge ; th ese should be on one s id e onl y, else th e w edge cannot be 
fr eed readily after t he cions are se t. 

The cion should be insert ed so that its cambium laye r will be prac­
tically co ntinuous w it h tha t of the s t ock. :Microscopical ex a mination 
of successful g raf t s has s hown tha t a bsolute continuity is not essential 
t o a "take," bu t contact so fa r as th e unassis t ed eye can t e ll is des irable . 
F ailure to secure t hi s r elative continuity in many ca ses r esult s fr om 
setting the cion w ith it s surface flu sh with that of the st ock , di sre­
g arding th e di ffe r ence in thickn ess o f th e ha rk on the st ock and that 
on the cion. 

So metimes th e cion s are tilt ed so mewha t. Thi s ensures ca mbial con­
tact since the laye rs mu st cross at so me point. Unles s the. bevels havE' 
bee n cut perfec tly, it is dangerous since the crossing may occur at a 
point wher e th er e is no cambium contact . H owever. in case the cion is 
di sturbed after the w axing is done . tilting may be des irable. The tip s 
should be inclin ed outward rath e r th an inwa rd t o avo id. a s far a s pos­
sibl e . cr owdin g of t he shoo t s that grow out o f th e cions. 
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.'The cion should be se t so that the tops of the bcvel cuts are level 
wIth the top of thc st ock in which it is set. Deeper setting would 
pr~vel~t the growth of callus from the stu mp and co nsequent ly delay, 
If It (lId nO.t a ctually prcYent, the hcaling of thc uni on. Furthermore, 
the expanSIOn ~~ th e cion "\;y ill tend .to spread the halves of the stu mp 
farther apart (IiIg. 9) . Sett1l1g the CIOn somewhat higher , so that some 
of the cut .surface projects above the stump, is less injurious in its 
effects provIded th ese eXp'0sed surfaces are covered with grafting wax. 
If the stock has been sp lIt too deep the cion should still be placed at 
the proper level and .contact ensured by drawing the split portions of 
the stock together wIth a thick cord or a strip of cloth tied about the 
stock close to the top. Even if this does cause somc girdling it should 
not be removed during th c first season. The o-irdlin o- will not be in­
jurious and with the tie removcd the growth b on th~ cion would be 
likely to spread the stub . 

Two cions should be se t in each stump and both should be allowed 
to grow for a time. One of them must hc removed soo ncr or Jat er (sec 
under "Subsequent Care") bu t for a t i 111 c hoth are nc cded to C;l su re 

Fig. 9. Stock too small for easy use of the cleft graft. U ni on made and growth 
proceeding, but cion set too deep to permit ready healing of stock. 

GRAFTING 
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Fig. 10. Cleft graft complete e) 
e~ 
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rapid healing of the stump. If a stub larger than two inches in diameter 
is to be grafted (though this is not recommended) two parallel clefts 
may be made, extending on either side of the center and two cions set 
in each cleft, making four for the stump. 

All cut surfaces should be coyered with grafting wax. For this pur­
pose the brush wax, discussed later under "Grafting vVax" is recom­
mended. Waxing is sometimes said to be for the. purpose of keeping 
the moisture out; actually the purpose is keeping the moisture in. 
Some little care i necessary to avoid leaving minute air holes close 
to the cion, particularly in the part above the stump. Vvax should ex­
tend down on two sides of the stump, closing in the clefts and for an 
inch or so beyond any visible cleft. Difficulty in coveTing the cleft in 
the top of the stump may be avoided by first filling it loosely with 
crumpled paper, though tllis is ordinarily unnecessary. Waxed cloth:; 
are not needed in cleft grafting the apple. 

V\Taxing not only seryes to keep moisture in but it may also pre­
YC11t infection hy ,,'ood-dcstroying fungi. This is doubly important 
in case either stock or cion has "hlack heart," a form of winter injury 
which makes it much more liable to fungous invasion. Cion wood il1 

Fig. 10. Cleft graft complete except for waxing. Note correct position of low­
est bud on the cion. 
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particular is so metimes slightly affected, not sufficiently to interfere 
with vigorous growth, but enough to predispose it to infection. Con­
sequently, as a precautionary m eas ure, cut ends should be \"'Taxed. 

The most common causes of failure of cions to grow in the cleft 
graft, as in others, are (1) uneven edges on clon; (2) failure to secu r i: 
proper cambial contact; (3) imperfect waxing; (4) lack 0 f dormancy 
in the cions. 

THE TONGUE OR WHIP GRAFT 

The tongue or whip graft is particularly suited to cases in which 
the cion and the stock in which it is to he set are of approximately 
the. same size. In these cases it is super ior to the cleft graft because 
of the quicker h ealing secured. The more n ea rl y the stock and ClOn 

approach equality in size the greater is th e probability of success. 

Fig. 11. Tongue or "whip" g raft. From left to right: (l and 2) slock aud cion 
ready for grafting; (3) cion in place. Note three contact surfaces; (4) placing 
of cion on larger stock. 

.,.J 

GRAFTING 
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In thi s g raft both st ock and c ion are cut to match. A uniformly 
:; lop ing cut , from one to on e a nd one- half inches long (the. larger the 
cion the longer the cut ), is made in each. On both stock and cion a 
slit is made, beginning at a point one- third of th e distance from the 
"toe" (sharp end ) to t he heel (Fig. 11 ). This slit may run exactly with 
th e gra in , o r it may cut across the grain slig htly in the general direction 
of the heel. 

If the cion is s ma ll er than the stoc k, it must be se t on one side to 
sec ure co mbial contact at the t ongue s (Fig. 11 ). \ \T hen thi s is prop­
erly done, ca mbial contact is secured on three surfaces. 

If, w hen stock: and cion are unit ed, th e t oe of either projects much 
beyond the hee l of the other, it should be cut off even. This can be 
don e without di sturbing the graft. The slow hea ling resulting from 
failure t o correct thi s condition is shown in F ig. 12. 

F ig. 12. Imp ed cc t hea ling Jl1 t ong ue graft re sulting from improper fitti ng of 
cion and stock. 

Tying of t ongue grafts, e\"en when they a re used in t opworking, i.; 
not necessary. This was at one time a uni ve rsa l prac tice but many 
nurseries now employ thi s graft in topworking without t yi ng and in 
the co ll ege orcha rd grafts w ell set were held perfectly by the wa~ 
alone . .If tie s are u sed they should be of soft cotton ya rn and they 
should be cut a s soon a s the g raft is growing well. This will be dif­
fi cult , as the ti es are cove red with grafting wax, but failure to cut will 
cause g irdling of the g raft and is likely to check th e growth of the 
cion and interfere with healing of the union. 

The same g raft ing wax is used with the t ongue as with the cleft 
graft. vVaxing is just as essential in thi s as in the cleft graft and, 
if t yi ng is omitted, it is needed also t o hold the cion in place. As in 
the cleft graft, great pain s should be taken t o make the wax coa tin g 
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a ir tight, and eve ry cut surface, including the t ip of the CIOn, shoul d 
be covered. 

Beginner s' m os t C0111mon fa ult s in a tt emptin o. thi s oTaft are : (1 ') 
failur e t o ma!{e the sl?ping cuts long enoug h ; (2) uneve~ slopes arising 
from dull ~(111 fe or faIlur e t o support the t w ig properly from the back 
w hen makIng the cut; (3) improper plac ing of the slit; (4) failure t o 
press the tongues in deeply enoug h. A ll of these r educe the su rfaces 
o f a~tual ~lose contact , oft en sufficiently t o cause failure or very slow 
heahng with consequent danger of infecti on by wood-r otting fungi . 

SUBSEQUENT CARE OF GRAFTS 

Car e of the g raft s even a ft er th ey a re well establi shed is import an t 
and should not cease until t he union is co mpletely heal ed ove r. Twu 
purposes sh ould 1 e k ept in mind in thi s wo rk : (1 ) the prevention of 
inva sion by w ood-r otting fung i (Fig. 15), and (2) t.he fo rmation of 
th e fram ew ork of th e n ew t op. In addition, p rotec ti on a O'ai11 st climb­
ing cut wo rm s, a l? hi ~ and fir e-b.light m ay be necessary, p~rticula rly in 
the fir s t year. \ i\T lthln a short ttm e a ft e r th e g raft. s are . e t th ey should 
be examin ed for defecti\'e w ax ing and re 'waxin g should be done eac h 
fall and spring until hea ling is acco mpli shed . Co mple t. e r e\Vax ing' is 
11 0 t. n ecessary ; ordin a ril y callu s fo rm a ti on w ill se a l t. h e s ide . o r'th e 

Fig. 13. An old gr aft with cions crowding; a so urce of weakn ess . One cion 
should have been r emoved long ago. 

GRAFTINC 
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cleft in the. first summer and they will require no further attention. 
At the top of the cleft, however, several renewals may be needed. If 
the wax is at all hard and lacking in pliability, the expansion of the 
cions through growth is likely to cause it to buckle and loosen. In 
such cases all loose pieces should be removed and fresh wax applied. 

About July 1, in the first season of growth, pinching back of the 
vigorous shoots from the cions may be desirable. This is done to in­
duce low branching and to keep the framework of the new fruiting top 
as close to the ground as possible. Only the soft green wood at the 
very tip should be removed; this can be done with the thumb and fore­
finger. Heavier cutting back would have a somewhat stunting effect 
and should not be practiced at this time. 

Both cions on each stub should be allowed to grow for a season, at 
least . Eventually one is to be removed, since if both grow to full size 

Fig. 1-+. S low healing and decay from premature removal or failure of second cion. 

a weak crotch is formed, the new wood on the inside of each cion push­
ing against the other cion, and splitting out is likely, just as in an acute­
angled crotch (Fig. 13). For a time, however, both are needed to keep 
the stump alive throughout. On a two inch stump a cion will induce 
callus formation on the corresponding half of the circumference, but 
because of the slowness in the lateral movement of food materials com­
ing from the growing cion, it is unable t o supply the opposite side 
sufficiently to maintain life and this part of the stump dies. To make a 
good union all of this dead area must be sealed in by growth from the 
edges-always a slow process-and before this can take place decay is 
almost certain to begin (Fig. 14). If, however, live cions on both sides 
are feeding the stump, it remains alive in every portion. 

Growth proceeding from one of the two cions on each stump should 
be kept distinctly smaller than that from the other. This is to pre.pare 
for the ultimate removal of the smaller. If both make equal growth 
the removal of one will leave a relatively large wound which may be 
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~ l ow in hea ling (Fig. 16). /\ cio n kept sma ll fo r sev era l yea r s w ill sui­
hce to pr.e\'e nt the death o f a ny part o[ th e st ump a nd 'when it is r e­
moved wIll leave a s ma ll wound. In th e meantim e the oth er cion will 
have ::ttained considerahle s ize and will be ahl e t o supply enough food 
materIal s to hea l the sma ll ,,'ound in a short time. 

The. subordinat.i on ofr~01:e ci.on is e ~e~ted by pruni~lg- it mo re heavily 
than It s co mpal11 on. ] hI S cl1 ffere ntlat lO n may be o-1t1 at the time of 
pinc~ling in th~ summ er fo llowin,g- the se tting- o f ~h~ grafts and should 
receIve attentl.on each succeed ing- sp ring- while the cion is retained. 

The rem ova l of the subordin ate cion should not occur until the bas es 
of the two cions mee t. Thi s tim e \\,ill vary \\-ith the. vio'o r of cion 
growth and ,,,ith the size of th e s tump. \ Vit h vigo rous gro~vth on th e 
s mall er. stumps r e moval can occur ill man y cases in one year; in oth er s 
the p erIOd may be three o r fo ur yea rs. \Vhen the cut is made it shoul d 
be close enoug h t o leave no pro jec ting- stuh. 

\ Va t er sprout s should not be r emm'ed indi sc riminately. T heir utili za­
tion is discussecl later , under "Top-work in g." 

Fig. 15. An inside story \\'ith the sa me moral as Fig. 14. This limb ,vas 
grafted twice. The lower union is sound ; decay sta rt ed in the upp er before the 
retarded healing could sea l th e union . 

GH.AFTING 
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THE BRIDGE GRAFT 

A bridge g raft (Fig. 19), as the name implies, I S u sed to bridge over 
an area "w he re th e cambium is dead. In practice it is u sed mos t fre­
quently in l\Ti chi gan to repair damage from gnawing by mice or rab­
bits or occas iona lly from ba rk peeling hy sheep . l\10re u se should be 
made of this type of graft in r epairing damage from fir e blight canker ;:; 
on the trunk and from winter killing. 

At this point a word of caution may he introduced . Bridge grafting 
is no s mall cons um er of time and labor and in som e cases careful 
study '.vill shmv a means of avoiding thi s work with sati sfactory r e­
sults . Sometimes mice apparently g irdl e a tree, gnawing the bark com­
pletely around the trunk. but act ua ll y fail to touch the ca mbium. If 

Fig. 16. The te llJporary cion should be kept smaller than the pe rman ent cio ll , so 
that when it is r emoved the wou nd wi ll h eal over quickly. 

atte nti on is g iven before drying out has occurr ed s imple mounding 
with earth o r w rapping with waxed cloth w ill be sufficient to permit 
r ege neration of th e bark. 

The proper treatment of a \\"o ul1 d made by a till age imple ment t ear­
ing off a co nsid erab le piece of hark when it is s lipping fr eely w ill in 
man y cases save th e necess ity of bridge grafting later. U nd er such 
circulllstances most m en rub so me earth over the wound. perhaps with 
a notio n of giving so m e protection to the exposed surfaces. The chie f 
pro t e c tio 11 g i v e nth i sway is fr 0 111 0 b s e r va t i 0 11 , by 111 a kin g t 11 e w 0 u n d 
less con spi cuous; so fa r as the ca mbium is conce rn ed. it is ruined by 
this trea tm e n t. M o re co nscie n tiou s people w ind a cl oth about the in-, 
jured spot. Thi s ge ne ralI y fa\'ors th e growth of mold s, \\'hich spoil 
the chance of r egeneration. The treatment most likely t o result in 

f, 
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healing is to leave a wound of this kind absolutely alone. The warmer 
and the drier the weather at the, time the greater appears to be the 
chance of healing by regeneration of bark all over the wounded area, 
if the exposed surface is not touched. This is quicker and more satis­
factory than healing by callus formation (Fig. 18). 

On trees which have been girdled within one or two or even three 
years after planting the advisability of bridge grafting is doubtful; 
it will probably be cheaper and in the end more satisfactory to sa",,' 
them off below the injured area and cleft graft them. Reliance should 
not be placed in sprout growth under these circumstances. In many 
cases the trees so treated will not sprout at all; if they do, many of 
them will sprout only below the graft and most of these sprouts that 
do come from above the grafts will be slow in starting and slow in 
growth. The setting of cions even though no change in variety is de­
sired will result in surer, quicker growth, and, provided the grafts 
receive proper subsequent handling, will induce a more rapid healing 
and a better shaped tree. 

Viith all these qualifications, however, the cases of real need of 
bridge grafting are numerous. The cost of the operation, balanced 
against the prospective or actual capitalized value of an established 

Fig. 17. The cion feeds the stock. The cion on the right made contact 011 

the right and none on the left. Note the death of tissue in the stock at this 
point and along the cut edge of the stump. 

GRAFTING 
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trec, IS gencrally very small. The grafts grow readily and when the 
nced is indicated the work should be undertaken. 

Bridge grafting should not be attempted until the bark on the tree 
~dips well. Before this time, raising of the bark is very difficult and 
if it is accomplished at all, much of the inner bark remains attached to 
the wood. This ''\Till interfere with the attainment of cambial contact 
and if it is scraped off the operation will injure the cambium cells on the 
wood and again preycnt sati sfact ory union . On the other hand, graft­
ing much later may be reasonably success ful. Damage from mice or 
from winter injury is so metimes unnoticed until attention is drawn to 
the injured tree by a ye llowish tinge of the foliage in June. In such 
cases, as an em ergency mea sure, bridge grafting may be done in early 
summer. Bridge graft s spanning old injuries ill mature apple trees at 
East Lansing and in young appl e tr ees at Cheboygan, made in the first 
part of July, ] 92-+, w er c " ery succcss ful. F or thi s summer work, how­
ever, careful se lecti on of cion \\'00(1 is necess ary . There is, ordinarily, 
11 0 special ach a 11 tage i 11 su 1l11l1 er gra [tin g of thi s t ype and it is recom-
111 e 11 d eel 0 n 1 y a s an c m c r g e 11 c y Jll e a sur e. 

Cion wo od fo r th e hridge grart is o r th e sa1llC characte r a s that used 

Fig. 18. Two kinds of wound healing. On the right the cambium was not 
destroyed and bark regeneration occurred directly on the wood ; on the left the 
cambium was destroyed and healing is accomplished by the slower process of 
callus growth from the edges. 
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in other g ra ft s, so fa r as age and viRor a r e concerned. For summer 
w ork the w ood o f the previ ous year sh ould be used; the basal portion 
of the w ood of the current sea son can be employed in default of sati:~ ­
!actory oJder ,vo?~l , parti cularl y i £ it is gi rdl ed a week or two before it 
l S cut . Slll ce f rUltlll g- wood will not o rdina ril y be developed fr om brido'c 
graft s th e vari ety fr o.m. which th ey a re taken is of no consequen~t:, 
ex.cept tha t hardy . vaneti es such a s Duch ess or vVealthy should, other 
thlllgS equa l, r eceIve prefe r ence. \Vith thi s sino-Ie clualification atten-. b, 

t IOn can b.e conce ntra t ed on securing th e bes t cion wood, r egardless 
of th e vanet y. 
Goo~l conditi ? n o ~ t he w uod surface of the tr ee at the points of con­

t ac t ,:Tlth .the Cl ons I ~ ve ry important in bridge g-rafting. lVlicroscopical 
eXamll1at IO n of sect IOns throug h seye ra l hridge g raft union s made in 
th e laboratory of ~h e H or t icul t ura l.Depart ment indicate s that a large 
part of ~he ca llus tI ss ue throug h whIch connecti'on is establi shed comes 
fr ? lll .thI S. woo~l r~ t he r than £r.o m the cions. Thi s fa ct has special ap­
plI ca tIOn 111 bndg lll g a r ea s whI ch have been dead for some time, since 

F ig. 19. Bridge g raft, S ~l O\\ · jJl g r S~ 111 <: of th.e ma ny. me thods 0'£ se tting ClOtl S. 
Note the sprin g on t h e ClO ns. f hl S 15 par tl cula rly Im portant 111 yo ung trees, 
which sway most. 

G R AFTI NG ' 
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GRAFT ING IN THE APPLE ORCHARD 23 

in such cases the ti ss ll e 'fo r so m e distance from the area originally 
killed may be alive but in suc h poor co ndition that grafts set in it 
will not take well. \Vhen eve r it is practicable the tree s hould be pre­
pared for the setting of the cio ns a clay o r two befo re the actual grafting 
is done. All d ead bark sho uld be removed and , if the wound is old. any 
unhealthy live hark should be r emoved. U nless the injured area ex­
tends for such di stance on the trunk that the securing of cion wood 
of sufficient length is difficult, ther e is no special need of pains to keep 
the bridge area short. as proper unions can be made more easily with 
long cions than with those which are very sho rt. The exposed surfaces 
should be covered "\Vith ,vhite lead paint up t o within an in ch o f the 
edges. J f only a s mall amount of work is to be elon e, grafting wax 
may be useel , but it is too expensive for extens ive operati ons. The pur­
pose of this protection is two-fold; it is to guarel against invasion by 
,vooel-rotting fungi and to k eep the sapwood from dry ing out. In an 
old tree , wat er conduction upward continues for a long time after 
girdling. but in a young tree the drying out of the surface wood in -

Fig. 20. Bridge graft. Left: Note the Ill or e v igorous g ro\\, th the more near ly 
vertical th e cions are set. Note also the ch ecking in the wood of the trunk; this wood 
should have been protected before th e cio l1 s were set. l~ight: O lder grafts. 
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terfe.res seriously with this movement. For a time, at least, the im­
portance of the bridge grafts is chiefly in providing for the downward 
flow of food materials and they are poorly arranged for upward con­
duction of water until they have had a few sea sons of g-rowth. Hence 
the importance of surfacing the barkle.ss areas. 

The. various methods of se tting the cions depend in common on se­
curing contact between the surface of the wood on t~e tree and a bev~l 
or sloping cut on the cioll. In some forms o f the brIdge graft a.n ~ddl ·­
tional contact may b e secured with the bark of the tree, but thIS lS by 
no means essential. 

Dependence on contact through a bevel cut on the cion practically 
necessitates a spring or bow in the cion as it is finally set (Fig. 19). 
An additional advantage of th e spring is the provision of a small amount 
of slack which will permit some swaying of the tree without disturbance 
of the union . If the cion is somewhat curved the bevels should be. cut 
on the concave s ide. T he spring is secured with a straight cion by 
cutting it slightly longer than the dis tance it will cover. when set, fitting 
one end in position, securing i~ by on~ ~r two brads WIth .s~end~r shafts 
and wide heads and then spnng1l1g It 111t o place and naJ1l11g It at the 
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Fig. 21. Two of the numerous methods of fitting ciol1s to stock in th.e bridge 
graft. Above: the L cut, with. trimmed cion. The. long bevel of the ClOn goes 
against the wood; the contact IS between th.e cambIUm surface. of the wood apd 
the cambium line of the cion. Below: the mlay, a method sUlted to trees WIth 
very thick bark. The notches below the slots shown on the .1e~t mayor may ';lot 
be necessary. On the right : one way to make grafts fall IS through a ClOn 
somewhat too short and consequent lack of sufficient spring to ensure contact. 
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free end. If the cion is as large and hard as it should be and the spring 
sufficient, the brads may be set in very slightly to draw the bevel CUt 

close to the wood. 
One cion for each two inches in the circumference of the tree will be 

sufficient. 
If the cions available are not long enough to span the dead area, they 

may in some cases be set diagonally with fairly satisfactory results, 
but vertical placing is preferable by far (Fig. 20). 

Cions should be set "right end up," i. e., as they grew on the tree, 
but, if through inadvertance any are set upside down, is it not neces­
sary to replace them. Inverted cions have been observed growing in 
considerable numbers. 

The simplest and, where it is feasible, the most easily made union 
involves an L-shaped cut in the bark (Fig. 21). Below the wound the 
L is inverted. Each arm of the L is about one and one-half inches in 
length and each is cut an inch or two from the edge. of the wound. The 
cion is beveled at either end principally on the side destined to be set 
against the tree; the other side is beveled sufficiently to give a rather 
sharp angle to the wedge. The bark in the angle of the L cut is raised 
sufficiently to admit the cion, which is then inserted and brads driven 
through the bark and the. cion. Nailing the bark is necessary because 
it is very difficult to bend the bark back sufficiently to set the brad 
directly into the cion without injury to the bark and because at this 
season there is a tcndency for the bark to shrink wherever it is cut 
'vertically and its great tension relieved. This union is best suited to 
trees with thin or only moderately thick bark. 

:ror trecs with very thick bark or for cases where cions are set into 
the roots, the inlay graft is preferable. This union has a further ad­
vantagc in that the ends of the cions are not cut down so thin and they 
are less liable to damage from nailing. The bevel cut is very long', 
perhaps three or four inches, but it does not extend to the opposite 
side (Fig. 2]). With the cion prepared the operator holds one end 
against the bark at the spot it is to occupy and traces around it with 
the knife, marking on the bark and the piece just outlined is removed. 
The CiOll is then se t in and nailed at this end and the process re­
peated at the other end. This union requires somewhat more skill than 
that previously described and generally takes more time. 

IVIodifications of these unions are sometimes employed. In very thick 
barked trees the cions are sometimes cut to very thin wedges and 
forced under the bark at the edge of the wound. This method is hard 
on the cions as the wedge is frequently bruised and short cions are 
sometimes broken in springing them sufficiently to slip under the barlc 
J,'urtberlllore, the thinness of the wedges makes them more liable to in­
jury from nailing. Some operators slit the bark vertically at the edge 
of the wound and set the cion directly under the cut so that it raises 
hoth flaps of the dark. J n this union, however, satisfactory nailing is 
rather difflcult, the flaps of bark make little contact with the cion 
and proper waxing at the upper end is generally more difficult. Even 
though the cut is necessary to permit the raising of the bark, the cion 
should be set under one flap or the other. 

Whatever the type of union employed, all cut surfaces should be 
covered with grafting wax; the brush wax is well suited to this work. 
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Considerable ca r e will be n C'cessa ry to secur e ti g ht sca ling in th e angle 
between t he tr ee and til e u ppe r end 0 f t he ci on, as 1 he wax mu st be 
applied and set against the c1 o\\, ll\\'a rd pull of g-ra\' ity. For this work 
it may be s tiffe ned so m e \\·hat by cooling on th e brush. Wedging a 
small, loose hall of paper in th e angle may be helpful ; th e bru sh can th en 
reach all th e surfaces a nd a c01llpl ete coat ing- of \\'ax can be applied 
\'e r y readily. The edges of th e ,!?:ircllec1 area also shou ld be co\'e r ec1. 

Fig. 22. New roots for all old tree . Left: l'\.oots Oil one s ide, dead from 
partial girdling of the trunk from w inter injury, replaced by approach g raftin g 
a youn g tree. Right: Detailed vie\\' of the sa me union. 

GRAFTING A NEW ROOT TO AN OLD TREE 

The progress of fire blight cankers on tree trunks, or exte nsive collar 
r ot , or trunk injury of 10 II ,g' stanc1 ing effect ing a partial g irdling, may 
lead t o th e death of some of the roots. This in turn is likely to be 
follow ed by th e death of limb s or igin at ing in direct line on the grain 
uf th e wood, generally directly a])o\'e the injury but someti m es, in trees 
with twisted grain, severa l points of the co mpass to one side . In any 
case, deat h and sub sequ e1lt rotting of <t ny co nsid erable portion of the 
root s weakens the anchorage or the tree ill the so il ancl may lead to it s 
leaning or falling over. 

Under the se conditions trees rar ely fo rm new roots to replace those 
lost, becaus e the main body of the stu l11p itself is generally invo 1 vec1. 
However, young trees set in the soi l close to the old tree and connected 
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\\·ith it by grafting the top in like the upper end of a bridge graft, form 
new roots with great rapidity (Fig. 22). As a preliminary measure, 
obviously, in case th e injury has been caused hy fir e blight all the 
diseased area should be sc raped and disinfected. The actual gra ft union 
can be made by any of the methods used in bridge grafting. Seedling 
trees can he us ed for this purpose. One year seed lings . as secured from 
\\' ho lesale nurseries, are rath er small, but two year seed lings are gen­
erally large. enough. ] f budd ed or grafted tree s are used . preference 
should be given to hardier varieties such a s \\Thitney, Duchess, Tolman 
Sweet, and Hibernal. 

Injury t o the trunk or coll a r may hcl\'e been followed by the growth 
of suckers. or water sprout s , from below the injured area. If these 
are of suffi cie nt length they may be .g-rafted into the so und wood abov e 
the injury. remaining attached helow . 

Fig. 23. The in va ri able difficult y in handling la rge cut s 0 11 the main ax is is 
the failur e of ca llu s to fo rm 011 thc "h ee l. " or the sid e opposite the remaining 
bran ch. No t e the ca llu s {ormation 0 11 th e upp er edge of the cut a nd it s absence 
elsewher e. The \\'ooly ap hi s di splay is incidcntal. 
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THE BARK GRAFT 

The bark graft is described her e because of its applicabili ty to one 
special purpose. It s u se in place of t he cleft g r aft is preferred by 
some operators, because of th e ease of securing a "take" and because 
it does not involve splitting the stub. T hi s last feat ure is said to favor 
more rapid hea ling and t o permit t he g rafting of stubs too large fa!' 
splitting. It is ques tionable w hether a ny k ind of graft w ill consistent ly 
make a sound union on stub s t oo large for cleft graftin g and it is cer­
tain that bark g ra fts-parti cular ly on Jarge stubs-ar e blown ou t ve ry 
easily by winds of no extrao rdinary violence. T hi s g raft may pro \'e 
prefe rabJ e w ith so m e st one fr ui ts to secure the greatest percentage of 
"takes," but it is not ordinarily necessary in the apple. 

Fig. 24. CiOllS set to keep "heel" a live until wound is hea led over. Bark graft used. 

T he one case in which the use of t he bark graft is recommended in 
t he apple is in preventi on of the diehack that usually follo\\'s the cutt in,s' 
of a la rge lim b back to a side branch. This dieback is distinct from the 
sunscald tha t in many cases follows the sudden and extensive openi ng 
of the tree. It is of t he same nature as that already described as a 
consequence of t he fail ure of one cion on a large cleft grafted stump. 
T he heel of the cut is re,moved from the zone of ready food supply and 
so fo rms little or no callus (Fig. 23); it generally dies back more or 
less and opens t he way for decay involving the whole branch. One or 
two cion s inserted at the heel wil! supply the material for callus for-
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Illation and thus kefp this area ali\' e and assist in healing the wound 
O\'er (Fig. 24). 

Obviously these cions should not be allowed to grow rampantly else 
they will be likely to break out or they will in many cases recreate 
the high or crowded top the cnt was made to remove. Pruning back 
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Fig. 25. The operations involved in bark grafting. For the sake of clearness 
the slot is shown too near the side limb to give full benefit to the "heel;" it 
should be opposite the limb. Cions may be set with a plain bevel or shouldered. 
This graft is not recommended for regular topv,rorking, since the cions blowout 
too easily. 
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will k ee p thclll \\-ithin l)()t1 lld s and al lh e :";;ll11C' lime pcrlllil tl1<..' I11 to iw 
of real se n ' ice ill healing the injury. 

The hark gTaft for thi s purpo se may he made \'cry much th e sam e 
as the lo\\'er end of the inlay hridge graft. cxcept that the hark r e 111o\'a~ 
starts at the edge of thc\\'ouncl (_Fig. 25)_ Sometimes th e cion is cu t 
to a shoulder or it may he cut with a plain hc \-e L \\'rapping with waxed 
cloth to hold th e cions as is cOlllmonly practi ced in hark grafting- would 
be awkward on accoun t of th e presence of the sid e hranch; cach cion 
may he secured with two bracl s or thin s mall ,,-ir e nail s as in the. bridge 
graft. \Vax s hould be applied as in th e oth cr .g-rafts. to all cut surfaces. 

TOP-WORKING 

I 'hough of course th e primary obj ect in top-working a tree is to 
change the variety of the fruit borne , sat isfacto ry attainment o f that 
object depend s on severa l detail s. First , th e uni ons mu st be sound; 
second, the new fruiting w ood lllu st be r easonal)ly close t o th e ground; 
third, the tree mu st not be exposed to sun scald during the process; 
fourth, th e change s hould be mad e ,,-ith the sett ing ()f the s ma ll est nUlll ­
ber of graft s that is con siste n t with goud results. 

Soundness of union depends largely 0 11 care in the actual making of 
the grafts and in the treat ment they recei\-e. s ub seq u ently as already 
d iscussed under the "Cleft Craft. " 

Keeping the 11 e\\ ' fruiting ,,-00l1 ]()\\, dcpend s parU y o n sett ing the 
graft s for th e mai n fruiting limb s as low as possible and partly on the 
subse quent pruning. )\nxi ety to gain lm n1ess of head should not lead 
to the cutting back of limb s to la rge stumps, because the soundness 
of th e. union is therehy m enaced. 

Low fruiting wood, protcction aga in st sunscald and the sett ing of the 
minimum numbe r of grafts are m o re o r less interd epe ndent and shouH 
all r ece iY e co nside rati on when top-"'orking is und erta k en. Of the three, 
perhaps protection against sunsca lcl is t he most important , as it is 
concerned in high degree with the so undn ess of the tr ee . It is in it se lf 
of le ss consequence tha n the di so rd er s w hi ch are lik ely, or, in a maj ority 
of cases, sure to follow it. l \m ong these are flat head borer s, which 
make still eas ier the entrance of wooel-destroying fungi, producing 
eventually a hollow hea rt and flllall y a brokcn limb. Even without th e 
borers the se fungi gain entran ce through the sunscald le sions. A n in­
jured area of this so rt is almost ce rtain to be im'adecl sooner o r later 
by the black-rot fungu s \\-hich will in tim e g-irdle th e limb. 

Sun scald (Fig_ 26) is likel y to occur when all Y con siderable portiO!1 
of a smooth-barked branch is expose d dir ec tl y to th e sun , particular1~,' 
from noon t o t\\·o or three o 'cloc k _ The mo re nea rl y at right angle s 
the sun's ray s s trike at this tim e the greater the likelihood of damage. 
The larger limbs ,,-ith s mooth bark are, despit e their thicker bark , 
as likely to suffer a s the smaller, because the grea t e l' curvature on th e 
surface of the smaller limb s increases th e r eflecti on of heat and the reb \" 
diminishes the absorption. j\ s spec ific example of the differ e l1 ce [t 
may be stated that at noon on a limb po inting due north the sun's rays 
are str iking a point one- half inch from th e top of the circumference 
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as fo11o\\'s: on a limb two inches in diameter, at an angle o f 60 degrees 
and on a Jimh s ix inches in diam et e r, at an a ngle of 85.2 degrees . Some 
of thi s injury may occ ur in wint e r, but most of th e sunscald in the top 
of the tr ee o rigina tes in the summ er. )\nalys is of these conditions indi­
cates that m oderat ely la rge li111b s leaning to the north and n ortheast 
are mo st subj ec t to injury; this is co nfirm ed by field obse rvations. 

If the whole tree is to p-worked at o nc e, much or m os t of the small 
\\'ood whi ch bears the fo liage is r e lll o \'ecl a nd the suns's rays admitted 
fr ee l y to the bar k of the north ward-leaning branches. U nder these C011 ,­

c1iti o ns sUll sca lcl is like ly to c1e\·e lup . Hs onset is so m et imes slow under 
1\fichigan co nditi on s. The flrst yea r' s scorching ma y be confined to the 
oute r bark, th e n cxt year's ('xtc ndill,g' so m ewhat deeper and so on. 
Th er e a re , hO\\'e \'er, nUlll e r ou s exa m ples of \'e ry bad cases developing 
in one \'ca r . 

Fig, 2(), T h e cO ll seqUt: Jl CC of top\\'o rkill g w ith o ut providing prope r protection 
to th e lilllb s, S UIl ';ca ld s et i ll , [o IIO\\'ccl c lo se ly b y bl ac k rot ca nk e r a nd bore r s. 
This is the u s ual s tory un der s uc h ci r culll s t a ll ccs. 
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As a safeguard aga in st sun scald, then, top-working a tree should be 
spread over two years. In the first spring the work may begin on the 
northeast side and embrace about half of the tree (Fig. 27). l'he stubs 
grafted at this time are shaded by the branches still untouched, and 
they are thu s protected against injury. During the first summer, water 
sprouts generally grow out in conside rable numbers on the grafted 
limbs. Of these, those that are so placed as to shade the limbs should 
be retained. If they are pinched back when six or eight inches long, 
they will branch and increase the shade. In any case they can be kept 
small by cutting back in the spring. T he remainder should be removed 
during the summer or in the fo llowing spring; those utilized for their 
shade can generally be removed in the third spring. 

Fig. 27. A topv,'orked tree at the end of the fir st sea?ol1 , Vigo.rous growth, o f 
cions and water sprouts; some of these watersprouts \vl11 b~ reta111ed f.or a tIme 
to shade th e limbs. Note the limbs left on the southwest sIde to provIde shade. 
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In the spring of the second year the top-working may be completed 
(Fig. 28). The water sprouts and the growth from the cions should 
provide, from this time on, sufficient shade for the limbs on the north 
side. Therefore, grafting the remaining limbs may be done with no 
danger of sunscald on those first grafted. Since these remaining limbs 
have a more or less southerly inclination they receive the rays of the 
sun during the warmest weathe.r at a very acute angle, so that more heat 
is reflected and less absorbed. Not only is this true, but in addition, any 
given area on the limbs leaning southward receives less heat than an 

Fig. 28. A topworked tree at the end of the second season. The part to the 
right was topworked first and has had two season's growth; to the left, the cions 
have had one season's growth. In this tree cions were set too high (and ill too 
great number) for really economical operation. The purpose in this case was to 
induce somewhat earlier fruiting of a new variety. 

equal area on a limb leaning toward the north. Concretely, assuming 
the sun to be at a height of 60 degrees, a limb leaning north at an angle 
of 45 degrees will receive a square inch shaft of sunshine on an area 0 t 
1.04 sq. inches, while a limb leaning southward at the same angle will 
receive the same amount of sunshine distributed over an area of 3.87 
sq. inches. Stated in other terms: a square inch of surface on the sunny 
side of the north limb will receive the equivalent of a shaft of sunshin~ 
passing through an aperture of 0.97 sq. inch area in a plane at right. 
angles to the light, while a like area on the south limb will receive 
only the amount that would pass through an aperture of 0.21 sq. inch 
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a r ea. In ot her \\'o rds the south limb not only r ece ives less but absorbs 
less of what is does receive. F urthermore, a slight tuft of fo liage will 
shade a CT reater amount of bark on a south limb, th e proportion being 
equal in fact t o the figures giyen above for the di stribution o.f a squar e 
in ch of sun s hin e. Consequently the lim b pointing- south is 111 far less 
need of prot ec tion aga in st sun sca lcl, and top-working- on thi s half of 
the tree can be done w ithout fear of injury. 

A skillful opera t or ca n distribute g-raft , in various part s of the tr ee , 
instead of work ing fr o m sid e t o s id e and by setting the cion s in shad ed 
places he can do this w ithout ,g-reat danger from sun scald. J~owevei', 
if on ly one branch on a limb is g rafted, the growth of th e C10n s and 
water sprout s is likeh - t o be much less than it is when several branches 
on a limb are grafted at one time . \ Vhen, therefor e , th e second yea r.' s 
grafting r e moves t he shad ill g- limbs , t hose that \\ 'e r e \\'o rk ed ove r III 

the previou s yea r are likely t o suffer. 
In the sp ring of 1924 cer t a in trees in the coll ege orc har~ were com ­

pletely top-worked a nd , to g ua rd aga in st sun sca ld, on all 11111bs of any 
co ns id erable s ize t hose areas ex posed t o sun shin e between noon and 
two 0 'cloc k were pai n ted \yi t h \\' hi t e cold. water pai J: t . This ha s. H~e 
sa me effect, in cut t in g- dO\\'n heat absol'ptlOn, as whlte\\'as h and I} I S 

rath er m ore durable thoug-h it s hould be renewed about J ul ~. [he 
cuttin o' back of the whole tr ee at once st imulat ed a very v igorou :-; 
oTowth in th e cions a nd b,' mid summ er m ost of the limb s were shad ecl 
h ~ II suffi cienth' In' new °To \dh to e limin ate furthe r danger of sun sea c . ~ ~ h 

U nl ess the g rmver is willing- to in cur this ex tra labo r, how ever, and t o 
watch the trees ca re fully, he should di st ribute the work O\'e r t\Vo yea r s. 
F u rth erlll o r e , it is possibl e t ha t t he sto ry of these tr ees may hav e 
an o ther c hap ter. T he ext.rem ely \' igo rous gro\dh of the cion s has left 
them in poo r cond iti on to withstand a cold \\' inter: C;:0n s.eq uentl y the 
safest r ecom mendat ion is to adhere to th e plan of ciI st nbut1l1g- th e wOi:k 
on eac h tre e oyer two yea rs. In one season trees t op-worked entirely 
at o nce a nd with no provision aga in st sun sca ld may thriv e jus t as 
well a s t.h ose hand led mo re ca refull y and they ma y go throug-h the 
follo\\'ing winter in perfect conditi on .. T hi s doe s not .guarantee equal 
success anuthc r yea r a ncl the ri sk of Injury o r death I S t oo g-reat and 
the con seq uence of in jury too se ri ous, to j u st i f y ca reless handling. 

As a matter o f eco no my, g raft s s hould be se t o nl y in .pl aces wh.ere 
t hey will hav c a chance t o develop into limbs of conSIderable s ize. 
S mall hori zonta l limb s close to the g- round , " 'h ere they are o ver shadow ­
ed by oth er better limb s, are ofte n very tempting, beca:lse of the ea se 
\\·ith \\'hich th ey can be g rafted, hut th ey should be a YOldeel . Branches 
anY\\'her e \\·hi c h. from t heir position , can never become .large, are not 
lik ely to he wo rth th e tro uble of working ove r. U nl ess I~ be. for ear ly 
fruiting of so me new \"ariety o r to prov ide for cross polhn at1On .at th ~ 
ea r li es t seaso n poss ibl e , grafts s houlel not h c se t nea ~' the tl ps or 
branches \\'hi ch haye a lr eady extended as far as thcy are hkely t o grow. 

TOI)-workin CT of laro'C tree s t hough possible, is likely t o be unpro fit -
h ;:-" . . I f able. T hc ma in lim bs a re su la rge in theIr lo\Ver port lO11s t 1at gra ts 

cannot be set. he re \\,it h much lik elihoud uf good uni o ns r es ulting. Th e 
on ly " 'ooel of proper s ize fur g ra ft in g- in t.hese trees is .y.e ry high and 
so far out on the limbs t hat onl . a s mall a mount of frult111g. wooel can 
de \'e lop from cach CiO ll . So ma ny branches must be grafted If the t op-
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\\'o rkin g is cl one h e re that th e ope ration beco mes very expe nsi\'e. Fur­
ther more, when grafts are se t so high in t he hran ches the re is constan t 
troubl e frol1l sprout s com ing ou t a long th e branch es he low th e graft; 
these lllu st e ith er he grafted in their turn or rCIl1()\'ecl. C raft ing of 
small er branches lo w On th e limbs and t he sub sequ ent cuttin g of t he 
old limbs back t o th ese bran ches . a treat ment so metimes attempted, 
is likely t o lead thro ug h deca y starting at the point of amputation, 
to the final breakdO\n1 of the whole branch " ' ith the fir st hea \'y load 
o f fruit on the new growth. In caSe the fruit of the old tree is utt erly 
worthless th er e is, of course, littl e but th e labor to lose in attempting 
a renovation of thi s so rt. Even then, ho,,'eve r , there is at leas t an 
even chance that more sa ti s fact ory r es ult s \\'i ll be secured by r e moving 
the o ld tree wh oll y and planting a new tre e, 

As a matter of record it should , perhaps, be s tated her e that the 
noti on, r ev ived about once in eac h decade. o f cutt in g o ff an old tr ee and 
setting fifteen o r twenty grafts around the stump is u sua lly founded 
on enthusia stic observat ion of the first yea r' s growth. T he debacle 
generally occurring, at th e latest, about th e seve nth year, from the 
hlowing out o f the grafts, rare ly receives mentio n (F ig. 29). T he ex­
pansion of th e g rafts extends, naturally, along the ca mbium of th e 
stump s and as th e curvature of thi s is s li ght in large stump s the uni on 
is alm os t wh oll y in o ne plane so that a strong wind at right angles to 
this plane is. sooner or later , go ing to snap the g raft Or pull it out 
at thi s point. If supporting th e graft by a s tak e is atte mpted, there 
is st ill no kn own mean s o f fo rcin g the ca llu s to g r () \\ ' around and 
ove r th e stump. 

Certain varie ties shoul d be grO\\"11 only when top-worked in hardier 
o r s tronger trees . S in ce this matter, as it r elates to hardiness, is treated 
at som e leng th in a fo rth co ming publication or th e 11ichigan Expe ri­
lI1 ent Sta ti on. r efer ence to it her e is confined to t he bald s tatement that 
Grim es, King, Baldwin , Hubbardston, and , probably . Eh,ode I slan d 
Greenin gs s hould be grown o nl y as top-wor k ed tr ees. Tolman Sweet, 
\Vhitn ey 20. Gideon. \ Vealthy and \\ 'o lf River see m, fro 1l1 avai labl e 
e \'idence, t o be suitable stoc k s. Th ese can h e p lanted and subsequ ently 
g rafted or budded w ithout any mat er ial setback. 

Grim es is now offer ed a lready top-worked ("double-wo rked") hy 
seve ra l nurse ri es. /\ s these trees are so ld , they ha\"e been top-\vo rked 
in th e main trunk about a foot aboye the ground so that the whole 
frameYvork is Grim es . Th is a rr a ngement wi ll , perhaps, be sati sfact o ry 
\\'ith Grim es, s ince the injury in thi s ya ri et y is chiefl y at the collar, bu t 
with the others nam ed as t end er , injury in the cro tches is almost as 
co mm on as that in the co ll a r. Fo r this reason it w ill be safer to let the 
hard y s tocks grow fo r a tim e in the orchard and form th e main limh s. 
These can be top-w orked in the spring of the third o r fourth year afte;' 
planting, or at thi s age budding wo uld be practicable. Top-working of 
l~ e d Ca nada is done . not because of its lack of hardiness . but because 
it is a poor g rower; in thi s case. too . the fram e w ork should be fo rmed 
from the sturdier variety. Northe rn Spy has been favo red as a stod.:: 
on account of it s vigorou s growth. hut cann ot be r eco mm ended for 
this purpose becaus e it is not perfectl y hardy. 
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GRAFTING WAX 

The kinds of waxes tlla t ha ye been used in grafting at some time or 
other are very numerous and \'cry diverse, ranging from the mixture 
o~ chopped st1~aw and blue clay o.n one hand to rather complicated 
k inds for speCIal purposes. OccaslOnally good results have been re­
ported from paraffin, from ordinary fly paper- though these have some­
times proved injurious- and even from adhesive tape. The fact that 
such diverse materials are occasionally successful indicates that they 
meet certain fundamental requirements in some degree; the fact th:-{t 
they are not uniformly successful indicates deficiencies that are of no 
importance at some times but fatal at others. 

Fig. 29. What usually happens when bark grafts are set in large stumps . Suc­
cess in grafting large stumps by any method is rare. 
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The ideal grafting wax would ha yeo at least these q ualifica tions: (1) 
it would exclude air and fungi and retain the moisture of the wood; 
(2) it would contain no material that will injure live tissue in the 
strength at which it is used; (3) it would not crack in cold weather; 
(4) it would not run in hot weather; (5) it would be semi-permanent 
in possession of its various virtues; (6) it would have more or less 
elasticity, to accommodate itself to changes in dimension of stock and 
cion consequent upon growth. 

No wax yet devised meets all these requirements perfectly but sev­
eral meet them well enough for practica~ purposes under the conditions 
to which they are ordinarily exposed. 

Most of the waxes used soften with heat; some become pliable at the 
temperature of the hands and are called hand waxes. Others, with a 
higher melting point, are heated and applied with a brush while warm; 
these are called brush waxes. In the liquid waxes some solvent, usually 
alcohol, is used; the wax is applied cold and the evaporation of the 
alcohol leaves a solid residue. 

Formulae for two waxes are given here. These are, in a sense, basic 
formu lae and may at times be varied somewhat to suit special condi­
tions. For example, for grafting very late in the spring, with warm 
weather, the proportion of resin may be ii1creased; for grafting very 
early in the season with cold weather still to be expected, the propor­
tion of linseed oil or tallow, may be increased. 

The hand wax most likely to be satisfactory under the conditions 
ordinarily obtaining, is made of resin, 4 lbs., beeswax, 2 lbs., tallow, 1 
lb. The resin is melted first, then the beeswax is put in and when this 
has melted the tallow is added. As soon as the tallow lumps have dis­
appeared the mixture is poured into cold water. When it has cooled 
sufficiently, the hands having been greased previously with tallow, the 
mass is worked until it has become readily pliable and easily handled. 
The first working should be done carefully to avoid burnt thumbs as 
the mass sometimes cools on the outside while the inside is still very 
hot. The heat employed in melting the ingredients should not be in ­
tense, as melted and vaporizing resin is rather inflammable; if the resin 
doe s ignite the flame s may be smothered by setting another pan in the 
pan containing the resin. Over a particularly hot fire the melting resin 
gives off a dense smoke. 

The use of hand wax in the orchard is not the pleasant est of occupa­
tions, particularly in cold weather. The hands must be greased amI 
even then are likely to become sticky, making the change from waxing 
to other operations awkward. In cold weather the wax requires con­
siderable working unless it is kept in warm water. 

Recently a brush wax has superseded the hand wax in many orchards. 
'I'his is made of resin 5 lbs., beeswax 1 lb., raw linseed oil, 74 pint, and 
Jamp black or powdered (not "ground") charcoal, one-half pound. The 
resin is melted, the beeswax added and melted, the linseed oil added, the 
mixture removed from the fire and the lamp black stirred in a little 

. at a time, to avoid boiling over. This mixture, with the linseed oil 
added, appears to be even more inflammable than the hand wax mix·· 
ture and should be treated accordingly. If, however, it is made over all 
ordinary fire there is little danger. 

As soon as the cooking is completed the wax may be cooled somewhat 
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and used at onc e, For operation s of any extent, howeyer, it IS besL 
t o prepare the supply in advance . The hot wax may be poured int() 
shallow pans, to th e depth of about an inch, a nd allow ed to coo l. 
thoro ugh cooling wi ll take so m e tim e ; \\'hell it has occ urr ed a sharp 
blow on th e bottom of the pan w ill loose n th e wax which can then be 
broken into small lump s. These s mall lumps are conven ient when a 
s mall h eatin g pot is u sed . 

:For heating the wax ill th e orc hard, a fa irly satisfactory appa ratus 
can be mad e by perforating a t en quart gal \'ani zed bucket on thl: 
bOLlo m and s ide with numer o us holes o f about ;4 inch diamet er and 
11 e s ti n gap ani I: t 11 e t op, In t 11 e pa nth e wax is 111 e I ted and k ep t 'IV a l' m ; 
b ~ l ovl the 'pan In the bucket t \v o s mall cans of "can ned heat" will pro­
\'Id e suffiCI ent warmth under m os t wcather conditi o l1 s for from on <..' 
and one- half t o t,,'o ho ur s. ]n a hig h wind it I1l<lV be n ece·ssary tl) 

s he lt er thi s heat e r ina box, as t h e wi nd is like 1 . t ; cool the S Ul: fa CC 

of the wax and may exti ngui s h th e fir e. Furtherl1lore, handlin O' thi s 
apparatus in the tr ee t op i s rather diffi cu lt . r, 

Th e m ost sat isfact ory devic e for heating wax offe r ed is th e heatcr 
d e~ ign e d by Dr. Ro.bert l\10 r~' i s , 11 0 '" sold by ome o rchard s upply hou se~· . 
J ~ IS rath er exp en sIve bu~ WIll pay fo r it self in a s ingl e fair -s ized oper a ­
tI Ol:. It cons l ~ t s essentlally of a lantern such as is u sed by railroad 
tra1I1mell, lll ochfi ed t o burn ,vood alcoh ol instead 0 f lard o il and wit h 
a po t for heating th e. ,,'a x set do,,'n into th e hood. A rim in t he pu l 
and a wire in th e hood div ert the heat from the upper part o f t he pol 
\\'h1ch can ge n er a lly, if n ecessa r y, be r em o \'ed by the hand while t he 
la nt ern is burning, T he particular advantages offered by t hi s heatci' 
are it s r eady portability, the ease w ith " 'hich th e fl a m e can be r eg" 
ula t ed, the s lll a ll surface of wax exposed t o coo ling by w ind and tbe 
sheltering o~ the flam e eyen fr o m very high \'\f inds. Tt s most conspic­
~lOu S defect lS the small am ount of wax contained in the pot, n ecess itat -
111g fr equent r epl enishm ent , th oug h\\'axillg is r a r eh delayed on thi :.; 
account. - . 

The be s t bru sh for applying thi s , vax is about an inch wiele. l ' h(.' 
h.rush should not be. a ll o wed t o r es t d eep ill h o t wax for any length 0 j' 

t Im e, or th e heat ' iV'I ll m elt t he g lue in w hich the hri stle s are se t a ncl 
they will pull out . This can b e preyented by driving a s mall nail ill 
the handl e of the brush and bending it oyer a s a hook for hano'in o' tk· 
bru sh to the rim of the pot, taking due ca r e that it is allowed hto llan :Y 

\vith the bri stI es jus t aboye t h e wax. ]'his w ill hri n O" the 11 ai l hi o" i~ 
enough on the handl e so that it does J1 o t in t e rf ere with ma ll ipula ti~ll 
of the brus h. 

O~casionally wh ~ll the wax is applied ve ry h o t there is so m e injury 
to lIve bark, particularl y on the cions, where t.he bark is thin and 
t ender . Thi s trouble is rarely encounter ed in prac tice , wher e the o r .. 
dinary types of heaters are u sed; it is more likely to occur when the 
wax is heat ed over rather large fire s and appli ed imm ediately upon 
removal. 

This brush wax r eta in s it s va riou s gooel qualities longer than any of 
~be han~ waxes. It is appl ied m ore eas il y a nd m ore rapidly, leavcc; 
lew e r ~I.r holes a nd th ough it is hard er it see m s le ss likely t o cr ack . 
III adclt tlO 11 , rathe r le ss of it is required for a gi\'en amount. of work 
~lnd it is, pound for pound , ch eape r . B eeswax is the ex pensi\'e ing r edient 
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ill all y ~\Va x , co s ting- o rdinarily fr o m s ix t o t en tim es a s much per pound 
;\ :-; the res in . Thi s hrus h I\'ax u:-; es a pound m or e o f r es in and a pound 
Ic :-;:-; of be es \\·;txin Jllakin g th e s ix pound s o [ re s in and he csvl Clx co m ­
hillcci that cUll stitut e th e ha ses o f th e r es pec tiv e waxes . 

The lamp black se r ves a two-fo ld purpose . Without it the wax l ::i 
n~ ry s ti cky . s trin g ing out In long threads w ith el'e ry s trok e of the 
hru s h. It s black co lo r he lps in heat a bso rpti o ll. making th e wax pliable 
t hough it does n ot rUll . Thi s pli a hilit , is ad yantageous in that the 
e xpa nsion of th e g nm·ing CiOll S is less likely to fo rce the wax loo s ~ 
in large masses ; in so m e ca ses minut e crac ks in th e wax have beell 
kn owll t o di sappear a ft e r a bri g ht warm day, th e wax beco ming soft 
cnoug h to unit e again. 

V a ri ou s att e mpt s hav c heen mad e t o devi se a ch eap sub stitue for 
!> ecs \yax. Para f~in is S O III e ti m es r eco1llmend ed. Th ough success un ­
douht edly att cnd s it s u sc al on e uncl er fay or a ble conditi on s it cannot 
he r cco mm ended fo r g cn e ral u se h('c au sc o f it s t end ency t o c rack. Dur ­
ing' th e past season in th e co ll ege or cha rd as a sub stitute fo r beeswa.x 
in th e In-us h w ax it has gi\ 'e n fairl y sati s fa ct ory r esult s. The wax 
c()l1taining paraHin wa s full o f buhble s and see1ll ed rath e r thin, y et th e 
g-r(l\dh ()f the grafts t o whi ch it \\·a :-; appli cd was entircl y sati sfactory. 
It lllll st , ho\\·e vc r , he oh se n 'ed uncl e r m o re yariecl condit ion s before i t 
can be definit ely r ecommend ed o r co nd c mn ed. 

Th e spring of ]92-1- at East Lansing: \\ 'a s cxceptiunally fa\·o rabl e fo !' 
t he "take" of grafts. Seven different kinds of w axes under trial ga ye 
uniformly exce ll ent r esult s a s m ea sured by th e llumbe r o f cion s grow­
in g. Distincti on bet\yeen a goo d and a poo r wax cannot be made under 
such c ir cum st a nces and 111U St await 111 0 r e trying co nditions. For th c 
prese nt, r eC0 11111l C1Hlatio n mu st h r co nfin ed t o thc standard bru sh wax 
de scr ihed aboye . 

ACKNOWLEDGMENTS 

Th e writ er s wi s h t o a ckn owled S"e th e se rvi·ces o f lV[ess r s. VV. C. Dutton 
and H . P . Ga st o n in preparing tEe illu s trations. 1VIr . Dutton furni shed 
a ·number o f th e phot ographs u sed in ihis puhlicati on ; 1/[ r. Ga ston made 
a numb er of phot ogra ph s and all th e drawin gs. 1ft-. IT. D. Hootman 
furnish ed th e titl e-pag"c cnt. whi ch illu strates a m e th od o f di stributing' 
g-r a f1ing thrflllglwllt th e 11' (' (' so that a ll th c g-raftin ,g' is do ne in on e ye ar . 


