
VEGETATIVE PROPAGATION OF THE BLACK WALNUT
With S p ec ia l R eference to  the Factors  

In flu en c in g  C allus Formation and 
Union in  G rafting .

Submitted to  the F acu lty  o f the Michigan S tate  
C ollege o f  A gricu ltu re and Applied Science  

in  P a r tia l F u lfillm en t o f the Re­
quirements for  the Degree o f  

Doctor o f Philosophy.

T h esis

by

Benjamin G aillard  S i t t on 

June, 1931.



ProQuest Number: 10008241

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.
ProQuest 10008241

Published by ProQuest LLC (2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



VEGETATIVE PROPAGATION OF THE BLACK WALNUT
With S p ecia l R eference to  the F actors  

In flu en cin g  C allu s Formation and 
Union in  G rafting . ^

B. G. S it to n , A ssocia te  Pom ologist, 
Nut Culture In v e s t ig a tio n s ,  

United S ta te s  Department o f A gricu ltu re .

INTRODUCTION.

V eg eta tiv e  propagation of th e  b lack  walnut 

( JugLans n igra) i s  u su a lly  attended with u n certa in ty  and 

d i f f i c u l t y .  In some ca ses  very s a t is fa c to r y  r e s u lt s  have 

been secured, w h ile , a t other tim es, although, the same 

operator apparently used the same methods and care, r e ­

s u l t s  showed very u n sa tis fa c to r y  percentage of su c ce ss fu l  

g r a f ts .

1 . Submitted to  the Faculty  o f the Michigan S ta te  C ollege  
o f A gricu lture and Applied Science as a t h e s is  in  p a r t ia l  
fu lf i l lm e n t  o f  the requirem ents fo r  the degree o f Doctor of 
Philosophy. Work reported h erein  was begun in  1926 vdiile the 
author was in  residence at Michigan S ta te  C o llege , and was 
continued there u n t i l  1929. The o f f i c i a l s  o f  the United  
S ta te s  Department of A gricu ltu re k in d ly  perm itted the con tin ­
u ation  o f  the work during 1930 and 1931.
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I t  i s  d es ira b le  to  know why th e walnut i s  so d i f f i ­

c u lt  to  propagate v e g e ta t iv e ly  and to  fin d  some means o f  

in crea sin g  the degree o f su ccess , i f  p ossib le*  With th ese  

co n sid era tio n s in  mind, the work reported h erein  was 

undertaken*

REVIEW OF LITERATURE.

Much o f the l i te r a tu r e  on asexual propagation o f  

the Juglandaceae i s  concerned w ith the probably unimportant 

d e t a i l s  o f  variou s methods which d if f e r  very  s l ig h t ly ,  or 

not a t a l l ,  in  the e s s e n t ia l  points* Most o f i t  r e la te s  to  

v e g e ta tiv e  propagation o f Juglans r e g ia , the s o -c a lle d  

E n glish  walnut* One group o f w r iters  favors the c l e f t  g ra ft  

to  the ex c lu sio n  o f a l l  other methods, w hile o th ers th ink  

v a r io u s ly  th at th e f lu t e  g r a f t ,  th e  g o a tf s fo o t  g r a f t ,  or the  

saddle g r a f t ,  i s  the only one th a t should be fo llow ed .

Among the a r t i c l e s  which favor the f lu t e  g ra ft  i s  the 

e a r l ie s t  account regarding asexual propagation of the P ersian , 

or E n glish  walnut (Juglans r e g ia ) ,  which has come to  the w r iter 1 s 

a tte n t io n . This i s  found in  Theatre d1 A gricu lture by O liver de
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S e r r e s (5 1 ) , as printed, in  1805. Leroy (2L) comments on the method 

d escrib ed , apparently having th e f i r s t  e d it io n  a v a ila b le .

De S e r r e ss ta te s  th at the walnut i s  propagated by the  

"Canon greffe"  upon the new shoots o f  the preceding year in  the 

spring or summer. T his method i s  v a r io u sly  c a lle d  canon (c y lin d e r ) ,  

cornachet (sm all horn), tu ia n  (tu b u la r ) , s i f f l e t  (w h istle )  and 

f lu s te a n  ( f l u t e ) .  The c ion  and stock  are matched as to  diameter so 

th a t th e  cion may f i t  t ig h t ly  on the stock . The shoots for  the cy­

lin d e r  (bud) are chosen and gathered at the ends o f the p r in c ip a l 

large  and v igorou s branches, avoid ing slender sh oots . The le a v es  

and the d i s t a l  p o rtio n  o f  the stem are cut away. A p ortion  o f the  

c io n  two or th ree f in g e r s  lo n g  i s  ro ta ted  between the f in g e r s  gent­

l y  to  separate the bark from the wood, cut and sta r ted  from the 

wood by a s l ig h t  tw is t .  On the stock , a branch equal in  s iz e  to  

th e cion  i s  cu t, the bark s p l i t  lengthw ise in  th ree  or four p la ces  

and separated from the wood fo r  a len gth  equal to ,  or s l ig h t ly  

lon ger , than th e cy lin d er . The cy lin d er  i s  removed and slip p ed  on 

th e  sto ck . The cy lin d er  must jo in  the wood p e r fe c t ly .

In d iscu ss in g  t h is  method o f propagation, Poiteau  (44) 

says th a t , though i t  i s  d es ira b le  to  have th e  stock  and the cion  as  

n early  a s p o ss ib le  the same diam eter, t h is  i s  not n ecessary . Tlien 

the f la g e o le t  (cy lin d er) i s  too t ig h t ,  i t  may be s p l i t  lo n g itu d in a l­

l y  on the s id e  away from th e bud, and a s tr ip  o f bark o f the stock  

used to  f i l l  the gap. I f  the circum ference o f  the cy lin d er  i s  too  

g rea t, f i t t i n g  i s  a tta in ed  by removal o f a lo n g itu d in a l s t r ip .  A ll
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p a r ts  of* th e  cy lin d er  should be pressed  c lo s e  to  the wood o f the  

stock; u su a lly  a l ig a tu r e  i s  n ecessary  to  accom plish t h is ,

Gagnaire (2 4 ), M o r t ille t  (3 9 ) , and o th ers (3 ) ,  say th at  

the f lu t e  g ra ft  i s  the on ly  method p ra c tica b le  fo r  use in  the nur­

sery* Martin (34) says t h i s  method i s  conmonly used in  southern  

France* M o r t ille t  (39) rep o rts  th at the most experienced workers 

succeed w ith on ly  o n e-th ird  of th e  f lu t e  g r a fts  set* The operation  

demands s k i l l  and care to  remove the cy lin d er  without in ju ry  to  it*  

He s ta te s  that the operation  should be delayed u n t i l  danger o f  

spring f r o s t s  i s  past*

In France about 1830, and in  fa c t  much la te r ,  i t  was 

the p r a c tic e  to  g ra ft  walnut tr e e s  on ly  a f te r  they began to  bear, 

i f  th e ir  f r u i t s  were not d esira b le  (38 , 39, 4 4 ) . Poiteau  (44) 

d iscu ssed  the a d v is a b il i ty  of growing and g ra ftin g  seed lin g  tr e e s  

in  the nursery and then tran sp lan tin g  to  th e ir  permanent p laces*

Various w r ite r s  (1 , 3 , 6 , 15, 16, 17, 26, 33, 34, 35,

38, 43, 57) have favored the c l e f t  g ra ft  and have described th e ir  

procedures, which do not d if f e r  e s s e n t ia l ly  from th e method fo llo w ­

ed today. B a lte t  (7) ad v ises  th e  c l e f t  in  a fork .

B esid es th e  c l e f t  g r a f t , K hi^it (26) recommends the  

saddle g r a f t .  B a lte t  (6.) recommends the bark g r a f t ,  which i s  la t e r  

described  by M orris (37) as "New Method in  G rafting", and a lso  by 

Biederman ( l l )  , Leroy (31) and oth ers (2 , 25) mention th e claw  

g r a ft , s id e  g r a f t ,  or g o a t’ s fo o t  g r a f t ,  as i t  i s  v a r io u sly  c a lle d .

Various authors, B a lte t  (6) and o th ers (10 , 55) have
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sa id  th at the E nglish  g r a f t ,  or as i t  i s  known in  America, whip 

g r a f t ,  i s  very  su ita b le  fo r  v e g e ta tiv e  propagation o f  the Per­

s ia n  w alnut. Some recommend the p la in  whip and o th ers the whip 

w ith  the tongue to  ho ld  i t  more c lo s e ly  tog eth er .'

In a d d ition  to  the f lu te  bud, other methods o f bud­

ding have been described  and advised . Some have sa id  that the  

s h ie ld  bud, as commonly used w ith the apple and th e  peach, i s  

a lso  ap p licab le  to  the walnut (4 ); o th ers (34) have denied i t s  

s u i t a b i l i t y  fo r  the w alnut.

The f lu t e  bud, whereby a long tube o f bark carrying  

buds was s lip p ed  o f f  the cion  s t ic k  and onto th e stock  la id  bare 

by p ee lin g  o f f  the bark, has evolved by variou s s tep s  in to  the  

patch bud* I t  f i r s t  was m odified in to  the r in g  bud, c o n s is t in g  

of a p ie c e  o f bark about an inch long carrying a bud being removed 

from the cion  as a r in g  and p laced  on the stock where a s im ilar  

r in g  had been removed* This was considered more s a t is fa c to r y  be­

cause i t  did not n e c e s s ita te  the removal o f  the top o f th e  stock* 

U su a lly , however, when the bud f a i le d  to u n ite , th e  top o f the 

stock died* To avoid t h i s ,  i t  became the p ra c tice  to lea v e  a s tr ip  

o f  bark o f  th e  stock  in tact*  T his la t t e r  was then c a lle d  the  

"patch bud” and i s  used very e x te n s iv e ly  in  v e g e ta tiv e  propagation  

o f  the pecan* This method has been advocated fo r  the walnut by 

Kraus (2 8 ), Lewis (3 3 ), Lake (2 9 ), O liver (42) and B atchelor (1 0 ),  

and for  the pecan by Blackmon ( 9 ) ,  Reed (49 , 5 0 ), Evans (2 3 ), V/ool- 

sey (6 1 ) , and Woodard, Romberg and .V/iliman (6 2 ).
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Kraus (2 8 ), Lake (29) and O liver (42) suggested a 

m o d ifica tio n  o f  th e  patch bud. Instead  o f  a path o f  bark b eing  

removed from th e  s to ck , an WI M cut was made and the c io n  patch  

in se r te d  under th e  two f la p s  thus formed.

According to  Leroy (31) , B atchelor (10) and o th ers  

( 2 ,  3 and 33 ) ,  g r a ftin g  in  the crown, or r o o t , le v e l  w ith ground, 

or s l i g h t ly  below, o f fe r s  much chance o f success* They suggest  

the use o f the o la w -fo o t, or the whip g r a f t ,  When the g ra ft  i s  

made, s o i l  i s  mounded to  near the top o f  the c io n . I t  i s  d i f f i ­

c u lt  to  eva lu ate  rep orts  on crown g ra ftin g  fo r  some w r iters  

( 3 ,  4 , 6 , 40) r e fe r  to  g ra ftin g  in  the main branches o f  la rg er  

t r e e s  as crown g r a ftin g , w h ile  some, as Leroy (3 1 ), r e fe r  to  the 

g ra ft p laced  at the su rface o f  the s o i l  by t h is  term.

O arriere (15) described  a method which he did not claim  

as o r ig in a l and, 27 years la t e r  (1 6 ), which he ascribed  to  Treyve 

as being new and o r ig in a l .  In the spring before the development 

o f  le a v e s , January to  March, young tr e e s  are taken up, th e ir  tap  

ro o ts  cut o f f  and the tr e e s  p laced  in  8 to  10 cm. p o ts , which are 

then plunged in  a coo l p lace  in  the garden. I f  no potted  tr e e s  

are a v a ila b le  a t the time o f  g ra ftin g , the tr e e s  are grubbed, 

grafted  and then p o tted . I t  i s  not f u l ly  c le a r , from h is  d escr ip ­

t io n ,  at ju s t  what time o f  th e  year the a ctu a l g ra ftin g  i s  done, 

but oth ers (8, 35) g ive the time a s the f i r s t  part o f March. The 

stock s are c l e f t  gra fted  near the crown, th e g r a fts  bound and cov-
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ered w ith  wax* A b e l l  ja r  i s  then p laced  over than fo r  three  

weeks or a month* VOien th ey  begin  to grow, they  are given  a ir  

grad u ally  to  harden them o f f .

Others (6 , 8 , 17, 35, 56, 60) have described  t h is  

method; some advised  the use of whip g ra ft  in stead  of c l e f t ,  

some adding minor p o in ts  and some to  exp la in  c er ta in  s te p s .

W itt (60) sa id  i f  bottom heat o f  70° to  75° 3T. i s  m aintained, 

union i s  e f fe c te d  more ra p id ly . Knight (26) used a method q u ite  

s im ila r  except th a t he does not mention the use o f  a b e l l  jar or 

s im ila r  apparatus. H is id ea  was prim arily  to retard  the growth 

o f th e  stock  u n t i l  c ion  wood was s u ita b le  fo r  u se . He used cion  

wood o f  the current season* s growth.

W itt (60) s ta te s  that the Y/alnut can be propagated by 

s o f t  wood g r a f ts .  Potted p la n ts  in  the greenhouse are grafted  

w ith wood which i s  about h a lf  r ip e . Cions are e ith e r  the term inal 

p o rtio n  or a p ie c e  with two ey es , having h a lf  o f  th e  le a f  surface  

removed. The g ra ftin g  i s  done by the saddle or strap method. He 

a lso  says that s o f t  wood c u ttin g s  o c c a s io n a lly  s tr ik e  r o o t.

Various typ es o f c ion  wood have been used and advised , 

in  many ca ses  apparently from personal preference based on in te r ­

p r e ta tio n  of experience.

De Serre (51) and oth ers (24=, 34, 36, 4 4 ) , ad v isin g  the  

u se o f the f lu t e  bud, recommend cion  wood o f  the p ast season’ s 

growth, cut a f te r  growth had begun in  the spring and used immedi­

a te ly .  T his, o f  course, was necessary  in  the f lu t e  bud. Knight
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(26 , 27) used wood o f the current season’ s growth c o lle c te d  a f te r  

buds were w e ll  formed. He a lso  used wood o f the past season’ s 

growth, allow ed th e  buds to  sw ell and removed them, u sin g  the sm all 

secondary buds fo r  c io n s . He a lso  used the sm all buds from near 

the base o f  one year wood,

P o iteau  (44) recommended cu ttin g  cion  wood in  February 

and burying i t  in  s o i l  to  keep i t  dormant. C arriers (15) advised  

the u se  of c io n  wood o f th e  past season’ s growth, cut in  January, 

as did M o r t ille t  (3 8 ). M ichelin  (35) reported c ion s should be cut 

ea r ly  in  March,

Leroy (3L) s ta ted  th a t h is  f i r s t  su ccess  in  g ra ftin g  

the walnut was obtained by use o f  wood two or th ree years o ld . He 

sa id  th a t one year wood had r e la t iv e ly  more p ith  than woody por­

t io n ,  w h ile  the o ld er wood had very  l i t t l e  p ith  as compared w ith  

wood, B a lte t  (6) reported one year wood with a p ortion  o f  two year 

wood a t i t s  base to  be s a t is fa c to r y  for  use as cion wood. Another 

w riter  favored the wood at the ju nction  o f  one and two year wood, 

and Gaucher (25) shows a fig u re  i l lu s t r a t in g  t h is  p r a c t ic e .

In the United S ta te s , Cooper (20) described good cion  

wood as being o f  the p ast season’ s growth, cut in  la t e  w inter from 

upright growing branches. Lake (29) gave the fo llo w in g  d escr ip tio n  

o f d esira b le  c io n  wood: "wood o f past season’ s growth which has

l i t t l e  p ith , strong but not la rg e  buds and firm  wood, 1 /4  to  3 /8  

inch in  diam eter, with short in tern od es, taken from mid p ortion  o f  

t r e e s .  Cut two or th ree weeks before growth s ta r t s .  Dip cut ends
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in  wax, wrap in  m oist paper”.

Evidence on th e  e f f e c t  o f temperature on g ra ft  

unions i s  more ex ten siv e  than d e f in it e .  The b e tte r  r e s u lt s  

a tten d in g  l a t e ,  as contrasted  w ith  e a r l ie r ,  g r a ftin g , rather  

freq u en tly  reported , may be construed as u n con sciou sly  given  

evidence o f favorin g  e f f e c t s  of high tem perature. The su ccess  

o f  the Treyve method may be s im ila r ly  in ter p r e ted ,

O liver (41) described a method fo llow ed  by W. P.

Corsa. S tock s, two years o ld , are cut o f f  ju st above the junc­

t io n  o f stem and r o o ts . Cions are put on by any convenient 

method, u su a lly  tongue or s p l ic e ,  and secu rely  t ie d .  The g r a fts  

are packed in  la y e r s  o f spaghnum and p laced  where the temperature 

i s  m aintained from 75° to 80° F . , u su a lly  fo r  th ree weeks. The 

g r a f ts  are then p otted  and, when a few le a v e s  have been made, the  

p otted  p la n ts  are hardened o f f ,  and p lanted  in  a frame where they  

p ass the f i r s t  year. By t h is  method, about 75% "take” was secured. 

In t h is  case a lso , the temperature was one o f  the p o ss ib le  fa c to r s .

Ravaz (48) reported experim ents on bench g ra ftin g  of  

the grape. He found th a t below 20° C. union foim s very slow ly;  

at 22°, i t  i s  more rapid; and th a t i t  i s  extrem ely rapid in  the  

neighborhood o f 30°. He quoted Mazade to  th e e f f e c t  that the  

b est temperature seems to be from 30° to  35°• At t h is  tempera­

tu re , th e  ev o lu tio n  o f shoots i s  prompt, the t i s s u e s  u n ite  in  8 

days, and the g r a fts  can be removed from the m oist m a ter ia l. Hu-
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m id ity  should be kept h igh .

Most w r iters  emphasize th e fa c t  th a t the walnut i s  very  

d i f f i c u l t  to  propagate a se x u a lly . M o r t ille t  (39) s ta ted  th at a 

s k i l l f u l  operator can g en era lly  count on on e-th ird  to  o n e-h a lf o f  

the c io n s  s e t  l iv in g .  Knight (26 , 2 7 ), C arriers (1 6 ), M ichelin  

(35) and o th e rs , reported th at asexual propagation i s  only r a r e ly  

su ccessfu l*

EJCPERIMEINTAL METHODS.

¥/ork on the v e g e ta tiv e  propagation o f the black walnut 

was begun in  1926. At the o u tse t , s in ce  slow c a llu s  fo m a tio n  

seemed to  ch aracter ize  the walnut, the con d ition  o f the reserve  

m a ter ia ls  in  the cion  and stock was thought to  be p rim arily  r e ­

sp on sib le  fo r  th e  wide v a r ia t io n s  in  the degree o f su ccess  ob­

ta in ed  a t d iffe r e n t  tim es. Consequently, the f i r s t  work co n sis ted  

of an attem pt to  m odify the stored  food m a ter ia ls  w ith in  the stem, 

w ith the aim o f  obtain ing d iffe re n c es  in  behavior in  g r a ftin g .

E arly  in  the work, i t  became apparent th at other fa c ­

to r s  b es id es  th e  stored  food m ateria ls  were op erative  and p o ss ib ly  

o f  more importance. The work was th erefore m odified to  include  

other l in e s  o f in v e s t ig a t io n . These l in e s  are reported sep arate ly  

in  th e fo llo w in g  order: ( l )  The in flu en ce  o f  reserve  food supply,

e s p e c ia l ly  o f  carbohydrates and n itrogen; (2) The e f f e c t  o f  t r e a t ­

in g  the c io n s  with chem icals; (3) Propagation by budding; (4) The 

in flu e n ce  of anatom ical c h a r a c te r is t ic s ;  (5) The in flu en ce  o f gross  

anatomy; (6) The in flu en ce  of atmospheric humidity; (7) The in f lu ­

ence o f tem perature.
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1# THE INFLUENCE OF RESERVE FOOD SUPPLY.

Oion Wood.

For t h is  s e r ie s  o f experim ents, c ion  wood was obtained  

from a block o f  seed lin g , t r e e s  in  the nursery o f the F orestry  De­

partment o f  the Michigan S ta te  C ollege at East Lansing. These 

t r e e s  were about tw elve years old at the beginning o f the ex p er i­

ment, 10 to  15 f e e t  h i^ i ,  m oderately v igorou s, but not uniform. 

Cion wood was se le c te d  from th ose in  the best s ta te  o f v ig o r .

To secure varied  chemical con d ition s in  wood d estin ed  

fo r  c io n s , shoots were trea ted  in  f iv e  ways.

A part o f  th e  shoots was l e f t  in  the n atural co n d itio n , 

w ithout any treatm ent. This was d ivided  in to  two lo t s ;  one lo t  

was gathered in  the f a l l  o f  1926 and the other lo t  in  the spring  

o f  1927. These are designated  " n a tu ra l-fa ll"  and " n atu ral-sp rin g” , 

r e s p e c t iv e ly . Each o f th ese  l o t s  was subdivided in to  f iv e  c la s se s :  

1 , a p ic a l p o rtion  o f one year wood; 2 , b asa l p ortion  o f one year 

wood; 3, a p ica l p ortion  o f  two year wood; 4 , b asa l p ortion  o f  two 

year wood; and 5 , a p ica l p ortion  o f three year wood. C lass 4 

corresponds to  the lo t  "Above g ird le"  and c la s s  5 corresponds to  

the l o t  "Below g ird le" , as mentioned below.

A th ird  l o t  was prepared in  August, 1926, by tw is t in g  

a w ire t ig h t ly  around the stem at the base o f the two year wood. 

The s ix  inch p ortion  ju st  above t h is  w ire g ird le  was used as cion  

wood and c a lle d  "Above g ird le" . The s ix  inch p ortion  ju st  below 

the w ire g ird le  was used as c ion  and c a lle d  "Below g ir d le " .
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About the same time a fourth  lo t  o f  cion wood was pre­

pared by p a r tly  d e fo lia tin g *  The ra ch is  o f th e  compound le a f  was 

severed  so th at approxim ately h a lf  of the le a f  area was removed. 

T his lo t  i s  c a lle d  " D efo lia ted " .

Trees from which a f i f t h  l o t  o f c ion  wood was c o lle c te d  

rece iv ed  an a p p lica tio n  o f  sulphate o f ammonia about th e m iddle o f  

September, 1926, a f te r  growth had ceased . This did not cause a

resumption o f growth, but th e t r e e s  reta in ed  th e ir  le a v e s  la t e r  in

the f a l l  than th o se  not r e c e iv in g  the treatm ent and began growth 

e a r lie r  th e fo llo w in g  spring. This treatm ent i s  designated by the  

word "N itrate" .

For the c ion  wood which was used in  the 1928 g ra ftin g , 

treatm ents were begun e a r l ie r  in  1927. N itra te  o f soda was a p p li­

ed on Ju ly  11 fo r  the "Nitrate" cion s and branches were g ird led

w ith  w ire on July 18 fo r  the "Girdled" c io n s.

Cion wood from the " N atu ra l-fa ll"  c la s s  was gathered  

December 11, 1926, and stored , and cion wood fo r  the "Natural-  

spring" and a l l  other c la s s e s  was gathered A pril 6 , 1927, and 

stored  u n t i l  needed.

Cion wood for  u se  in  1928 was gathered ea r ly  in  May, 

packed in  sawdust, and p laced  in  cold storage . The storage did  

not work w e ll and temperatures were too h igh , causing many o f the  

buds to sw e ll.

Samples fo r  chemical a n a ly s is  were c o lle c te d  a t the  

tim e the c ion  wood was cu t.
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STOCK.

S eed lin g  tr e e s  th a t were used fo r  stock s onto which 

were g ra fted  th e  cion  wood p rev io u sly  described  were lo ca ted  in  

th e  nursery o f the F orestry  Department. They were about f iv e  

years o ld  a t the tim e the experiment was begun, and about four  

f e e t  h ig h . Although a s  a whole they were not uniform, i t  was 

p o ss ib le  to  s e le c t  t r e e s  th at were f a ir ly  uniform . Some o f  th ese  

tr e e s  were g ird led , some d e fo lia te d  and some f e r t i l i z e d  as de­

scribed  fo r  the cion  wood, except th at in  t h is  case th e wire g ir d le  was 

placed  around the main stem near the ground.

GRAFTING.

In 1927, g r a ftin g  was begun A pril 25 and completed May 

4 , and in  1928 i t  was begun May 14 and completed May 25. Various 

com binations o f the trea ted  and untreated  cions with the trea ted  

and untreated  sto ck s were made. These com binations, w ith the per­

cent ages o f su c c e ss fu l unions are presented in  Tables 1 and 2.

The whip, or tongue g r a ft ,  made in  th e  usual way, was used in  1927; 

the sim ple s p lic e  g r a ft  and a few c l e f t  g ra fts  were used in  1928.

The cion  was f i t t e d  to  the stock  t ie d  w ith  a cotton  s tr in g  and the  

e n tir e  union and t ip  of c ion  covered with a brush wax, made ac­

cording to  a common formula, (1 4 ). The en tire  cion  and union were 

covered with a k ra ft  paper bag.

CHEMICAL,

Carbohydrate A n a ly sis .

Samples fo r  chemical a n a ly s is  were cut in to  h a lf  inch
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p ie c e s ,  weighed, and preserved "by drying at 90° C ., ground to  

p a ss  a 60-mesh s ie v e . An a liq u ot of the dry ground m ateria l 

was ex tra cted  w ith f iv e  80 ml. p o rtio n s  of 80$ a lc o h o l. A fter  

the l a s t  e x tr a c tio n , th e  resid u e was washed sev era l tim es with  

80$ a lc o h o l.

The a lco h o l was evaporated at reduced pressure at 50°

C. and the resid u e taken up w ith about 150 ml. water. The ex­

tr a c t  was c la r i f ie d  w ith lead  a c e ta te  and deleaded with d ib a sic  

sodium phosphate. The reducing power o f an a liq u ot was determined 

and expressed as d ex tro se .

The S h affer  and Hartraent iod in e t i t r a t io n  method was 

used to  determine th e reducing power. D uplicate determ inations 

were made which checked to  0 .1  m l. th io -su lp h a te .

An a liq u o t o f th e  c la r i f ie d  ex tra ct was hydrolyzed  

w ith 1 .5 $  HC1 fo r  10 m inutes at 70° C ., and th e reducing power 

determined and expressed as t o ta l  sugars.

The resid u e from the a lcoh o l ex tra ctio n  was d ig ested  

w ith  ta k a -d ia sta se  fo r  36 hours at 38° 0 . ,  f i l t e r e d ,  and the f i l ­

t r a te  hydrolyzed w ith 1 .8 $  H01 fo r  S j  hours. The reducing power 

was determined w ithout previous c la r i f ic a t io n .  From t h is  the 

starch  content was ca lc u la te d .

‘The residu e from the ta k a -d ia sta se  d ig e st io n  was hydrol­

yzed fo r  hours, with 1 .8 $  HC1, coo led , f i l t e r e d ,  and the r e ­

ducing power determined. From t h i s ,  c a lc u la tio n s  were made fo r
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a c id  hydrolozable p o lysacch arid es other than starch , presumably 

h e m i-c e llu lo se .

NITROGEN ANALYSIS.

S o lu b le , in so lu b le  and t o ta l  n itrogen  were determined 

by the Experiment S ta tio n  Chemist, u sin g  the Keldahl-Gunning 

method.

PRESENTATION OF DATA.

The in flu en ce  o f the age o f c ion  and th e time o f c o l ­

le c t in g  cion  wood upon the per cent o f "take” in  black walnut are 

presented  in  Table 1 . The cion  wood was natural or u n treated , 

part o f which had been cut in  la t e  f a l l  o f th e  preceding season  

and part cut a short time before growth commenced in  spring.

These were d ivided  in to  the ages and p ortion s as shown in  the  

ta b le .  The stock  was natural or untreated .

The data o f t h is  ta b le  c le a r ly  in d ic a te  th at cion  wood 

c o lle c te d  in  the spring i s  much superior to  th at c o lle c te d  in  the 

f a l l .  T his i s  probably due to  the len gth  o f  the storage period; 

p o ss ib ly  some change in  the stem, due to  continuation  o f r e sp ir a tio n  

w ithout replenishraent o f  m a ter ia ls  i s  re sp o n sib le . Soane fu rth er  

ob servation s in d ica te  th at lo s s  o f water from the stem i s  a lso  a 

fa c to r  even though the shoots were packed in  m oist m a ter ia l.

With both f a l l  c o lle c te d  and spring c o lle c te d  c io n s, 

the per cent o f  "take" in crea ses  with in crease  in  age o f wood.

The grea ter  su ccess w ith  o ld er cion  wood might appear to  be due 

to  the s iz e  o f  the buds and the read in ess with which they begin
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to  grow* At each nod© on the walnut u su a lly  three buds develop, 

th e  more d i s t a l  one being la rg e  and th e proximal one very sm all, 

o fte n  in v is ib le  to  the unaided ey e . Another bud lo ca ted  between 

th ese  i s  an in term ed iate s iz e .  Near th e  d is t a l  end o f  the one 

year wood, the d is t a l  bud develops to an extent th a t makes i t  

very  prominent and, during the fo llo w in g  growing season , may grow 

in to  a shoot* The la rg er  bud a t each node which does not produce 

a shoot during the second season u su a lly  a b sc ise s  and o c ca s io n a lly  

th e m edial bud a lso  a b sc is e s , e s p e c ia lly  i f  i t  developed to  a 

n o tice a b le  s iz e .  On bearing tr e e s ,  t h is  m edial bud freq u en tly  

produces stam inate flow ers* The th ird  or sm aller bud at each 

node remains dormant u n t i l  forced  in to  growth by amputation of the  

shoot beyond, or some s im ila r  stim ulus.

The la rg e  buds on the one year wood, e s p e c ia lly  th ose  

on th e  a p ica l p o rtio n , force in to  growth r e a d ily  when t h is  p ortion  

o f the shoot i s  used fo r  c io n . The r e s u lt in g  growth ex erts  a 

demand for stored  m a ter ia ls  which may d ep lete  them to  such an ex­

ten t th a t c a l lu s  fon aation  does not take p lace  at the cut end*

In t h is  p a rtic u la r  experiment such growth did not oc­

cur, in  fa c t ,  the cion  d ied  before any growth took p la ce . Later  

experiment s in d ic a te  th at the greater xylem and phloem form ation  

i s  la r g e ly  resp o n sib le  fo r  the b e tte r  r e s u lt s  w ith o ld er  (and 

la rg er) c io n s.

T his su p er io r ity  o f  two and three year cion  wood was 

evident in  a l l  subsequent experim ents where one, tro and three year
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sh oots  were used .

Data showing th e  in flu e n ce  o f  g ir d lin g  th e  shoot, de­

f o l ia t in g  and a p p lica tio n  o f n itrogenous f e r t i l i z e r s  are presented  

in  Table 2 . In t h is  ta b le ,  the data are arranged to  show the in ­

f lu en ce  o f th e se  treatm ents on the c io n  and, in  Table 3 , the same 

data are arranged to  show the in flu en ce  o f the treatm ents on the  

stock*

The percentage o f "takert i s  low in  a l l  in sta n ces  but 

there are some wide v a r ia t io n s . In most c a se s , th ese  v a r ia tio n s  

did not hold  c o n s is te n t ly  fo r  the two years nor were they  c o n s is ­

te n t  w ith in  any one or more c la s s e s  of c io n  or stock .

U sing the combination o f  natural c ion  on natural stock  

as a b a s is  o f  comparison, there i s  some evidence o f a p o s it iv e  

in flu en ce  o f the treatm ent. Three com binations o f c ion  on stock  

r e su lte d  in  an in crea se  in  per cen t o f "take" over the n a tu ra l-  

n atural both y ea rs . These are*, n itr a te  cion  on above g ird le  stock , 

above g ir d le  c ion  on above g ir d le  stock , and above g ird le  c ion  on 

n itr a te  s to ck . S ix  combinations gave b e tte r  r e s u lt s  than the  

n a tu ra l-n a tu ra l one year and poorer r e s u lt s  the other year. These 

are: n a tu r a l-n itr a te , above g ird le-below  g ir d le ,  above g ir d le -  

n a tu ra l, below g ird le-above g ir d le , below g ird le-b elow  g ir d le ,  

c io n -s to c k , r e s p e c t iv e ly . A ll other combinations were poorer both 

y ea rs , or the combination was used only one year.
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Of a l l  c la s s e s  o f  c ion  and sto ck , the most outstanding  

r e s u lt s  are w ith the above g ir d le  cipn  and the d e fo lia te d  c io n .

The above g ir d le  c ion  was used in  four com binations and w ith two, 

th e  r e s u lt s  were b e t te r  both y ea rs, and w ith  two, the r e s u lt s  were 

b e tte r  one year when compared with th e untreated  c io n . The d e fo l­

ia te d  c io n  was used on ly  one year b u t, in  every com bination, r e s u lt s  

were poorer than th e natural c io n  gave. In three o f four combina­

t io n s ,  th e  n itr a te  cion  gave poorer r e s u lt s  both years and in  the  

>oth er b e tte r  r e s u lt s  both years than the n atural c io n .

Carbohydrate and n itrogen  a n a ly s is  o f  the shoots used 

fo r  c ion s and o f the stock  are presented  in  Table 4 , togeth er with  

the per cen t o f  tttak eM secured when used fo r  g ra ftin g . In most ca ses, 

the la t t e r  are averages o f  the r e s u lt s  o f each c la s s  o f c ion  on a l l  

c la s s e s  o f stock  used and o f each c la s s  o f stock w ith a l l  c la s s e s  

o f  c io n s .

Data fo r  natural c ion  show a general in crease in  per cent 

o f su ccess  w ith  an in crease  in  t o t a l  carbohydrate-nitrogen r a t io ,  but 

th ere i s  not a d e f in it e  co r r e la t io n . Data fo r  stock show a general in ­

v erse  r e la t io n s h ip ,th a t  i s , a  decrease in  success w ith an in crease in  

the r a t io .

TABLE 1 . INFLUENCE OF AGE OF CION AND TIME OF COLLECTION ON RESULTS 
OF WALNUT GRAFTING-, 1927. NATURAL CION ON NATURAL STOCK.

Age o f  c ion  P ortion  o f Percentage "take”.
Tears annual growth. F a ll  c o lle c te d . Spring c o lle c te d .

1 A pical 0 0
1 B asal 0 21.7
2 A p ica l 20 .0  33 .3
2 Basal 9 .1  31 .6
3 A pical 30 .8  52 .7



TABLE 2* INFLUENCE OF GIRDLING, DEFOLIATING AND NITROG- 
ENOIB FERTILIZERS UPON THE WALNUT CION VffiEN 
USED IN GRAFTING.

Cion Stock Percentage "take” R e la tiv e  Order tv/o
1927 1928 Behavior years combined

N atural N atural 39 .2 32.0 100.0 100.0 4

N itr a te 36.8 46.0 93.8 143.7 5

Above g ir d le - 12 .2 - 37 .5 18

Below g ir d le - 30 .4 - 95 .0 14

N itra te  Natural 37.5 30 .4 95.6 95.0 11

N itr a te 33 .3 26.0 85.0 81 .2 12

Above g ir d le 58 .8 32.0 150.0 100.0 1

Below g ird le - 17 .4 - 54 .4 16

Above Natural 26.7 34.8 70.0 108.7 7
g ir d le

N itra te 40 .0 32.2 102.0 100.6 3

Above g ird le 40.0 •«—I 102.0 130.0 2

Belov/ g ir d le 61 .6 24.0 157.1 75.0 6

Belov/ Natural 37.5 4 .2 95.6 13.1 13
g ir d le

N itra te - 55 .5 — 173.4 10

Above g ir d le 15 .4 44.0 39 .3 137.5 8

Below g ird le 20.0 43 .5 50.9 136.0 9

D efo lia ted  Natural 33 .3 - 85 .0 - *5

Above g ir d le 12 .5 - 32.0 - 20

Belov/ g ird le 13-0 - 33 .1 - 19

D efo lia ted 20.0 50.9 _ 17



TABLE 3 . INFLUENCE OF GIRDLING, DEFOLIATING AND NITROGENOUS 
FERTILIZERS UPON THE STOCK OF WALNUT WHEN USED IN 
GRAFTING.

Stock

N atural

N itra te

Above
g ir d le

Below
g ird le

D efo li
ated

Gion Percentage

1927

Natural 39 .2

N itra te 37 .5

Above g ird le 26.7

Below g ir d le 37 .5

N atural 36 .8

N itr a te 33 .3

Above g ird le 40 .0

Below g ird le -

Natural -

N itra te 58 .8

Above g ir d le 40.0

Below g ir d le 15.4

Natural -

N itra te -

Above 61.6
g ir d le  

Below g ir d le 20.0

D efo lia ted 20.0

"take” R e la tiv e  Behavior 
on b a s is  of 

natural on natural
1928 1927 1928

32.0 100.0 100.0

30 .4 95.6 95.0

34.8 70.0 108.7

4 .2 95.6 13 .1

46 .0 93 .8 143.7

26.0 85 .0 81 .2

32 .2 102.0 100.6

55 .5 - 173 .4

12 .2 - 37 .5

32.0 150.0 100.0

41 .6 102.0 130.0

44.0 39.3 137.5

30 .4 - 95.0

17 .4 - 54 .4

24.0 157.1 75.0

43.5 50.9 136.0

50.9



TABLE 4 . CARBOHYDRATE AND NITROGEN ANALYSES OF CION WOOD AND 
___________ STOCK IN PERCENTAGES AND FIELD RESULTS, 1927._______

[ 
Dr

y 
m

at
te

r

To
ta

l 
su

ga
rs

St
ar

ch

H
em

i-
ce

llu
lo

se

To
ta

l 
ca

rb
o­

hy
dr

at
e 

s

To
ta

l 
ni

tr
og

en

o

c©
■3
Eh

N a tu ra l-F a ll
A p ica l- 1 yr. 49 .6 4 .9 2 1 .95 13.05 19.92 1.29 15.46 0
B a sa l-  1 ” 51 .8 4 .69 1.46 11.93 18.08 .80 22.60 0
A p ica l- 2 " 54.0 4 .45 1.40 11.79 17.64 .62 28.45 20
B a sa l- 2 ,f 54 .8 3.90 2.48 9 .83 16.22 .74 21.92 9
A p ica l-  3 " - 6 .95 1 .48 14.41 22.84 .70 32.63 31

N atural-Spri ng
A p ica l- 1 yr. 48 .2 2.91 1 .18 13.72 17.81 1 .34 13.29 0
B a sa l- 1 " 54 .1 2.50 .38 11.81 14.69 .77 19.08 22
A p ica l-  2 " 57 .4 4 .30 1.91 13.05 19.26 .73 26.38 33
B a sa l- 2 " 54.4 3.67 .97 12.04 16.68 .75 22.24 32
A p ica l-  3 ,f 52 .7 2.79 1.15 11.25 15.19 .64 23. 73 53

Above g ir d le 51.9 2.35 2.75 12.49 18.59 .72 25.82 41
Below g ir d le 52.9 2.57 .91 11.81 15.29 .63 24.27 25
D efo lia ted 54.8 3.20 .98 12.38 15.56 .52 31.84 19
N itra te 54 .1 2.97 .98 11.74 15. 74 .87 18.09 42

Stock
Natural 57.6 5.08 1.56 12.38 19.02 .64 29.72 39
N itra te 53.1 3 .52 1.91 13.61 19 .04 .64 29.75 37
Above g ird le 58.1 6 .25 1.65 14.29 22.19 .60 36.98 32
Below g ir d le 57.1 4 .53 1 .56 14.41 20.50 .56 36.61 32
D efo lia ted 56 .2 5 .41 1.12 12.04 18.57 .53 35.02 20
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The c io n s  trea ted  by g ir d lin g , d e fo lia t io n  and n itr o g ­

enous f e r t i l i z e r s  do not show a c o r r e la t io n  e ith e r  w ith , or in v erse ­

ly  t o ,  the carbohydrate r a t io .

In resp ect to  n itrogen  a n a ly s is ,  the natural c ion  shows 

su ccess in v e r se ly  to  the per cent n itro g en . The trea ted  c io n  and 

the stock  show su ccess in crea s in g  w ith the in creased  per cent n i ­

trogen .

In resp ect to t o t a l  sugar, starch , h e n i-c e llu lo s e  and 

t o t a l  carbohydrates, no d e f in it e  r e la t io n sh ip  to  the per cent o f  

su ccess  can be d iscovered .

These data do not show any outstanding in flu en ce  upon 

su ccess  in  g r a ft in g , nor in  carbohydrate-nitrogen a n a ly s is ,a s  a 

r e s u lt  o f  th e  treatm ents of the sh oots.

The method o f  a n a ly s is  fo r  carbohydrates i s  open to  

c r it ic is m  in  th a t the sample was dried  a t a temperature which was 

too  high* The time of sampling i s  a lso  a t fa u lt  in  th a t samples 

were taken at the tim e the c ion  wood was c o lle c te d . Behavior of 

c io n s  upon g ra ftin g  in d ic a te s  that th e  sample probably would have 

been more n early  rep resen ta tiv e  had i t  been taken a t the time the 

g ra ftin g  was done.

E3CPSRIMEDTS OF 1931.

Further work on the in flu en ce  o f stored  food m a ter ia ls  

7/as postponed u n t i l  c e r ta in  other fa c to r s  could be worked out, 

p r in c ip a lly  the in flu en ce  o f tem perature. Having t h is  worked ou t, 

i t  was decided to  repeat a p ortion  of the e a r l ie r  experim ents.
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September 3 and 4 , 1930, c io n  wood on walnut t r e e s  o f  

Mr. W. J . F u l l i lo v e ,  Shreveport, L ou isian a , was prepared. Branches 

were ringed  in  th ree year o ld  wood and the wound was covered to  

p r o te c t  I t  from drying o u t. This c ion  wood was c o lle c te d  February 

2, 1931, and packed in  m oist spaghnum moss, and was la t e r  used to  

make g r a f ts ,  being p laced  on two year o ld  se e d lin g  ro o ts  near the  

ju n ction  o f  th e  stem and r o o t . The g r a ftin g  was completed on 

February 7 .

One hundred g r a fts  of each o f  the fo llo w in g  s e r ie s  were 

made: ( l )  b asa l p ortion  o f one year wood from g ird led  stem, (2)

two year wood from g ird led  stem, (3) th ree year wood from g ird led  

stem, which was cut so th a t  the b evel was ju st  above the g ir d le  

u su a lly  cu ttin g  through a p ortion  o f  the enlarged stem which was 

stim u lated  by th e g ir d le ,  (4) b asa l p ortion  of one year natural 

stem, (5) two year wood o f natural stem, (6) three year wood o f  

n atural stem. F if ty  g r a fts  were made -of the p ortion  imm ediately 

below the g ir d le .

These g r a fts  were packed in  m oist peat and placed in  

boxes w ith temperature co n tro lled  a t 26°-28° G. They were l e f t  in  

the boxes fo r  th ree weeks and then examined. A fter  the exam ination, 

the g r a f ts  were again packed in  m oist peat and p laced  on the south 

s id e  o f  a b u ild in g , with the temperature u n con tro lled , to  a llow  

them to  grow. They wefe examined on A p ril 25 and count made o f  

th ose  a c tu a lly  growing. R esu lts  are presented  in  Table 5 .



20

TABLE 5 . INFLUENCE OF AGE OF SHOOT AND GIRDLING UPON THE BE­
HAVIOR OF CION WOOD OF THE WALNUT UPON GRAFTING, 
GRAFTS EXPOSED TO TEMPERATURE OF 26°-28° C. FOR 21
DAYS.

C lass o f  c io n  wood C allused Growing
February 27, 1931. A p ril 25, 1931.

1 year n atu ra l 89 76

2 year natural 90 89

3 year n a tu ra l 87 90

1 year above g ir d le  81 77

2 year above g ir d le  92 86

3 year ju s t  above g ir d le  88 88

Just below g ir d le  82 70

There i s  a s tr ik in g ly  h igher per cent o f g r a fts  grow­

in g  w ith  a l l  c la s s e s  o f c ion  wood than had p rev io u sly  been secured  

when the temperature was not c o n tr o lle d .

With both the natural shoots and the g ird led  sh oots , 

th ere i s  an in crea se  In the per cent growing w ith  in crease  in  age, 

but t h i s  in crea se  i s  not as great in  the g ird led  wood as in  the  

natural wood. Cion wood from below the g ir d le  gave very markedly

poorer r e s u lt s  than any other c la s s .

2 . TREATMENT OF CIONS WITH CHEMICALS.

Treatment o f  cu ttin g s  w ith chem icals has been found by 

C u rtis  (22) and oth ers ( 2  ̂ and 59) to  in crease  the percentage o f

ro o tin g  in  some sp e c ie s . Though i t  i s  r e a liz e d  th at ro o tin g  o f

c u tt in g s  and c a l lu s  form ation are not u su a lly  a sso c ia te d , i t  was
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thought th a t s im ila r  treatm ents might in crease  c a l lu s  formation  

and the u n itin g  o f g r a f ts .  Cooper (20) s ta te s  that dipping cut 

c io n s  in to ,an d  washing the cut stock  w ith*a so lu t io n  o f  four te a ­

spoons o f  su lphate o f  quinine to  a g a llo n  o f water w i l l  r e s u lt  in  

90$ walnut g r a fts  growing.

On May 25, 1928, natural c ion s were cut as fo r  g r a f t ­

in g  and some were im m ediately p laced  in  "beakers con ta in in g  r e ­

sp e c tiv e ly :  a 0 .5 $  so lu tio n  o f potassium  permanganate, a 0 .5 $  

so lu t io n  o f su crose, a 2$ so lu tio n  o f sucrose, a 2$ so lu tio n  o f  

d ex tro se , a 5$ so lu tio n  o f v inegar, a 2$ so lu tio n  o f  potassium  

n i t r a t e ,  a saturated  so lu tio n  o f quinine su lphate, about 0 .1 4 $ . 

One l o t  was p laced  in  d i s t i l l e d  w ater, one lo t  exposed to  fumes 

o f  e th er , and one lo t  l e f t  untreated  and cut and imm ediately 

g ra fted  or p laced  in  th e greenhouse bench.

The c io n s  were allowed to  remain in  th ese  so lu tio n s  

fo r  24 hours w ith the exception  o f the quinine so lu tio n  in  which 

they remained two hours. A p ortion  o f the trea ted  c io n s, w ith  

check, was p laced  in  clean  sand in  the greenhouse bench and the  

remainder were grafted  by the whip g ra ft method onto stock s in  

the nursery as described e a r l ie r .

C allus form ation on c ion s in  the greenhouse was not 

m a te r ia lly  improved; 13$ o f the check and 19$ o f those trea ted  

w ith potassium  permanganate and 21$ of those trea ted  with 2$ 

sucrose formed c a l lu s ,  w h ile a l l  other c ion s f a i le d  to form c a l­

lu s .  The r e s u lt s  o f  the g ra ftin g  were sim ilar; 25 per cent of 

th e  checks, 15 per cent o f th ose  trea ted  with potassium  perman-
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ganate, and 16 per cent o f those trea ted  w ith quinine formed suc­

c e s s fu l  unions w h ile  a l l  o th ers f a i le d .

These r e s u lt s  were from a rather lim ite d  t r i a l ,  but 

th ey  in d ic a te  th a t none o f  the treatm ents t r ie d  gave enough improve­

ment in  c a l lu s  form ation or union in  g r a ftin g  to  warrant th e ir  u se .

In another s e r ie s  o f experim ents, the beakers contain ­

in g  the so lu t io n s  and c io n s were p laced  in  a chamber which was 

evacuated by use o f a f i l t e r  pump. T h is removed a ir  from the cion  

and the so lu t io n  was drawn up in to  th e stem s. Considerable quanti­

t i e s  o f  the chem icals were probably forced  in to  the stem s. R esu lts  

from t h i s  s e r ie s  were in  general agreement w ith the f i r s t  experiment 

in  th a t no in crea se  in  per cent o f su c c e ss fu l unions v̂ as obtained .

3 . PROPAGATION BY BUDDING.

In May, 1927, about 150 buds o f named v a r ie t ie s  were se t  

and in  June, 1928, about 500, some o f named v a r ie t ie s  and some from 

g ird led  and d e fo lia te d  c io n s were s e t .

The patch bud method described  by Kraus (28) was used  

in  s e t t in g  some and th at described  by Stueky and Kyle (53) fo r  pecans 

used in  s e t t in g  o th ers . A m o d ifica tio n  o f the budding k n ife  de­

scribed  by the l a t t e r  under th e  name o f "Texas Agie" was used in  a l l  

th e budding. The m o d ifica tio n  co n sisted  o f the removal of th e  han­

d le  provided, making a to o l th at could be held  in  the palm of the 

hand and th erefo re  was more convenient to  handle.

T his budding was not done on a co n tro lle d  experim ental
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b a s is ,  but th e  r e s u lt s  are rath er in te r e stin g #  Tables 6 and 7 

p resen t th e  r e s u lt s  o f the 1928 s e r ie s  o f  budding#

The bud wood o f the S ta b ler  v a r ie ty  was cut about 

s ix  weeks before th e  time o f budding, w hile th at o f  th e  other  

v a r ie t ie s  was cu t ju st  before growth s ta r te d , about two weeks 

b efore  i t  was used* The S tab ler  and Ohio bud wood was not in  the  

b e st  o f con d ition  and i t  was d i f f i c u l t  to  get the patch with th e  

bud separated from the bud s t ic k  w ithout in ju r in g  the growing 

p o in t o f  the bud# The other v a r ie t ie s  were not id e a l in  t h is  r e ­

s p e c t , but they wdre much superior to  the S tab ler  and Ohio# The 

e f f e c t  o f  haying s u ita b le  bud wood i s  c le a r ly  ev id en t in  the re ­

su lts#

Another p o in t o f  in te r e s t  i s  the d ifferen ce  in  the  

take o f S ta b ler  on black walnut stock s No# 1 and No# 2# The nuts  

from which stock  No# 1 were produced germinated poorly  and the seed­

l in g s  have grown s lo w ly , showing a l l  appearance o f poor v ig o r . Those 

seed from which stock  No# 2 were produced germinated w e ll and a 

stand o f about 90 per cent was secured. These see d lin g s  have grown 

w e ll and appear vigorous# The percentage o f l iv in g  patches i s  sm all­

er on stock No. 1 and those which did l iv e  wefe slower in  producing 

shoots than on stock  No# 2 . The average len gth  o f growth on stock  

No# 1 , on August 8 , 1928, was about s ix  inches (Fig# 1 ) ,  w h ile th a t  

on No# 2 was about 18 in ch es (F ig , 2 ) .  Furthermore, a greater  

proportion  o f the l iv in g  patches produced shoots on stock  No# 2# 

Figure 2 shows the Kinder v a r ie ty  but i s  ty p ic a l o f  a l l  v a r ie t ie s



TABLE 6 . WALNUT BUDS SET AT GRAHAM STATION, GRAND RAPIDS, 
___________ JUNE 1 , 1928, RECORD AUGUST 8 , 1928.____________

V a rie ty Stock Buds s e t Producing
shoots

%

Patch T otal 
l iv in g  not patches  
producing l iv in g  
shoots io

%

S ta b ler J* n ig ra  No. 1 49 10.2 18.4 28.6

!f " * No. 2 50 30.0 20.0 50.0

ft J. c in era 12 25.0 33.4 58.4

S ta b ler J . cord iform is 32 21.9 18.7 40.6
g ird led

Thomas J. n ig ra  No. 2 20 60.0 35.0 95.0

Kinder ” " No. 4 25 76.0 4.0 80.0

Ohio n ” No. 4 15 46.0 6 .7 54.4

M ille r " " No. 4 21 57.2 14,3 71.5

T otal S ta b ler  and Ohio 158 23.4 18.9 42.4

T otal other v a r ie t ie s 94 61.7 15.9 77.6

TABLE 7, J. CORDIFORMIS BUDDED ON J . NIGRA AT EAST LANSING IN 1928.

Bud Wood Buds s e t  Producing Patch l iv in g  T otal patches
shoots not producing l iv in g  %

io  shoot S io

Natural 13 61 .5  23.0 85 .0

Girdled 14 15 .4  50 .0  64*4

N itr a te  13 46 .2  15 .3  61,5

N itr a te  26 23.1 19*3 42 .4
g ird led
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on t h i s  s to ck .

Table 7 g iv e s  the r e s u lt s  o f  budding done on black  

walnut u sin g  c ion s o f  Juglans cord iform is which had p rev io u sly  

been tre a ted  to  m odify t h e ir  chem ical com position. H alf o f a 

row o f two year o ld  se e d lin g s  were f e r t i l i z e d  h e a v ily  with n i­

t r a te  o f  soda on Ju ly  11 , 1927. On August 9 , a lte rn a te  tr e e s  o f  

both th e  f e r t i l i z e d  and the u n fe r t i l iz e d  were g ird led  ju st a t  th e  

surface o f the ground by tw is t in g  a w ire t ig h t ly  around th e stem. 

These treatm ents gave fou r c la s s e s  o f c io n  wood: 1 , n atural; 2, 

g ird led ; 3 , n itr a ted ; and 4 , n itr a te d  and g ir d le d . Buds from 

th ese  c ion s were s e t  in  black walnut stock .

R e su lts  show th at th e untreated  c ion s gave b est r e ­

s u l t s  and th a t any treatm ent seems detrim enta l. G ird ling  depress­

ed the percentage o f  l iv in g  patches and delayed the shoot growth. 

Presumably, th e  g ird lin g  and f e r t i l i z e r  treatm ents r e s u lt  in  de­

velopment of the bud tra ce  and growing point to  the p oin t th a t  

removal o f  the bud from the bud s t ic k  o ften  in ju res  the growing 

poin t o f  th e  bud.

In the spring o f  1929, a th ird  s e r ie s  o f budding 

was done. On A p ril 5 , 1929, one year o ld  and two year old  cion  

wood was cut and d iv id ed  in to  th ree l o t s  each. One lo t  was 

covered com pletely  w ith  m elted p a ra ffin , a second lo t  had the  

cut ends only waxed, w hil the th ird  lo t  was not waxed. On A p ril 30,



25

a second lo t  o f  c io n  wood was cut and trea ted  s im ila r ly #  On 

June 1 , a l o t  o f  c io n  wood was cu t fre sh  and buds from i t  and 

from a l l  o f  the trea ted  c io n s  were s e t  on th a t date#

Cion wood waxed com pletely i s  d i f f i c u l t  to  handle. 

Patches o f bark are hard to  remove from the stem because 

csm bial a c t iv i t y  i s  depressed and because the wax makes i t  d i f ­

f i c u l t  to  secure a firm  grip  on th e  c io n . Cions which had not 

been waxed had su ffered  s l ig h t ly  from d e s ic c a tio n  and the bark 

did not s l ip  as r e a d ily  as i s  desirab le# Cions which had the  

cut ends on ly  waxed were in  e x c e lle n t  condition# The bark was 

plump and fresh  lo o k in g , and i t  separated r e a d ily  from the  

wood#

In a l l  ca ses  except one, the c ion  wood which had 

only the cut ends waxed gave much b e tte r  r e s u lt s  than the other  

c la s s e s .  Cions waxed e n t ir e ly  gave s l ig h t ly  b e tte r  r e s u lt s  

than th e c io n s not waxed but the ad d itio n a l time required to  

lo o sen  th ese  buds frcm the bud s t ic k  w i l l  more than o f f s e t  the  

advantage gained.

Cion wood cut June 1 had sta rted  to  gro?/ s l ig h t ly  

and i t  was d i f f i c u l t  to  remove th e patches of bark without 

in ju r in g  the growing p o in t. Probably had t h is  wood been taken  

a week e a r l ie r  b a tter  su ccess  would have been secured#
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TABLE 8 . RESULTS OF BUDDING DONE IN SPRING OF 1929.

Date c io n  cut Age o f wood Waxing Per cent l iv in g
years

A p ril 5 1 none 91

1 ends 90

2 none 36

2 ends 75

2 a l l 60

A p ril 30 1 none 69

1 ends 100

1 a l l 87

2 none 64

2 ends 82

2 a l l 75

June 1 1 none 44

These more or l e s s  prelim inary t r i a l s  in d ica te  

th a t the tim e o f  budding i s  very im portant. Budding done soon 

a f te r  growth began did not g iv e  n early  as good r e s u lt s  as 

budding done th ree weeks la t e r ,  when the le a v e s  on the stock  

were about on e-th ird  mature. The con d ition  o f the bud wood i s  

a lso  im portant. The cambiura must be in  an a c tiv e  con d ition  to  

permit th e  bark to ”slip "  from the stock , but the bud must not
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have become a c t iv e  to  the ex ten t th a t the growing p oin t i s  l i k e l y  

to  be in jured  during th e budding p ro cess.

I f  the bud tra ce  o f the bud s e le c te d  developed to  th e  

p o in t th a t any great p o rtion  o f  i t  becomes l i g n i f i e d ,  i t  w i l l  be 

d i f f i c u l t  to  remove th e  bud w ithout in ju r in g  i t .  This i s  the con­

d it io n  o f most o f  th e  la rg er  buds on th e  d i s t a l  h a lf  o f a tw ig o f  

the preced ing year’ s growth. The b est buds fo r  u se are u su a lly  

found at th e  proximal end o f th e  preced ing year’ s growth, or at the  

proximal end o f  two year o ld  wood. On the two year old  wood, the  

buds may o fte n  be so sm all as to  be alm ost in v is ib le *  These buds 

are the ones th a t were formed la s t  o f  the two or th ree th at occur 

in  each le a f  a x is ,  the la rg er  ones formed e a r l ie r  having shed. Such 

buds are u su a lly  s a t is fa c to r y  fo r  use in  propagating by the patch  

method.

The method described by Kraus (28) i s  u n sa tis fa c to r y  

in  the black walnut fo r  sev era l reason s. To secure good r e s u lt s  

by budding, i t  i s  n ecessary  th at th e bud be pressed  firm ly  aga in st  

th e wood o f the stock . The two f la p s  o f bark frcm the stock s e r i ­

o u sly  in te r fe r e  and pressure o f the bud against the stock i s  not 

secured, which means th at the union between the growing poin t o f  

the bud and th e stock w i l l  be delayed and may e n t ir e ly  f a i l  (F ig s .

3 and 4 ) .  A second o b jec tio n  i s  th a t the v e r t ic a l  cut on th e  stock  

u su a lly  comes d ir e c t ly  under the growing p o in t o f the bud. The
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in ju ry  to th e c e l l s  on the stock  may prevent the form ation of 

c a l lu s  t is s u e  from th e stock  and thus delay  or prevent union.

Figure 5 shows the normal u n it in g  of the regu lar  

patch bud and Figure 6 shows a case in  which the sh ie ld  u n ited  

w e ll  but the bud f a i le d  to  grow because the growing point was 

in jured  in  the tr a n sfe r .

4 . THE INFLUENCE OF ANATOMICAL CHARACTERISTICS.

S ec tio n s  were made from su c c ess fu l and u n su ccessfu l 

g r a fts  and from pruning wounds which had begun to  h e a l. Fresh 

m a ter ia l was sectio n ed  on a s l id in g  microtome se t  to  cut 20 mi­

crons. They were sta in ed  by a m od ifica tion  o f a method described  

in  Turtox News: se c tio n s  were placed in  an a lc o h o lic  so lu tio n  o f

sa fran in  fo r  30 m inutes to  sev era l hours. They were desta ined  in  

a c id if ie d  50$ a lcoh o l and tran sferred  to  50$, 70$, 95$ and abso­

lu te  a lco h o l, remaining in  each only a few m inutes. They were 

passed thru 75$ x y lo l  in  absolu te a lcoh o l in to  x y lo l  in  vfoich a 

sm all amount o f gentian v io le t  was d isso lv e d , allowed to  remain 

th ere u n t i l  the c e l lu lo s e  t is s u e  was sta in ed , then tran sferred  to  

pure x y lo l  and mounted in  balsam.

The most s tr ik in g  aspect o f se c tio n s  o f  walnut g ra fts  

(F igures 7 and 8) i s  the large  s iz e  and number o f  v e s s e ls ,  and o f  

th e la rg e  proportion  o f the o ld  xylem t is s u e  which i s  dead. The 

v e s s e ls  had not become plugged w ith gum as i s  common in  the t is s u e  

o f  th e  pear (Figure 9) and apple (Figure 1 0 ), p o ss ib ly  because the
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wood d ied  too  ra p id ly . Rapid k i l l i n g  o f apple wood i s  character­

iz e d  by absence o f wound gum*

S ectio n s  o f prunissg wounds on walnut stems (Figs* 11, 

and 12) show some degree o f c lo su re  o f v e s s e ls  but a much greater  

c lo su re  o f  tra ch e id s  and vascu lar  ray c e lls *  The rays and trach eid s  

seem to  be c lo se d  by p lugging w ith  some gum l ik e  substance, th e  

nature o f which has not been determined (Fig* 1 3 ) . Some o f the  

v e s s e ls  are c lo sed  by ty lo s e s  (F ig . 14) which occur in  wood formed 

a f t e f  the wound i s  made as w e ll as in  wood already present at the  

tim e o f  the wound. In the se c tio n s  examined no ty lo s e s  have been 

found in  wood o ld er  than two y ea rs . F igure 14 shows r e la t iv e ly  

g rea ter  proportion  o f  v e s s e ls  having ty lo s e s  than i s  ty p ic a l fo r  

t i s s u e s  not stim ulated  by wounds.

Apparently, the u n itin g  o f walnut g r a fts  i s  not h inder­

ed or lim ite d  by the in a b i l i t y  o f  the new growth to  change d irec ­

t io n s .  F igu res 11 and 15 show the change in  o r ien ta tio n  o f  new 

growth. Figure 11 i s  a r a d ia l s e c tio n  o f  a stem o f walnut which 

was amputated to a la t e r a l  branch. The new growth i s  supplied  by 

the la t e r a l  branch a t an an g le  o f  90° from th e plane of the se c t io n .  

The v e s s e ls  in  the new wood are cut almost tra n sv erse ly , in d ic a tin g  

th a t the d ir e c t io n  o f flow  o f sap had changed. F igures 7 and 8 show 

s im ila r  rea c tio n s  in  the growth succeeding the union o f a g r a ft .

The d i f f i c u l t y  in  g r a ftin g  w alnuts, from an anatomical 

standpoin t, seems to  be due to  the fa c t  th a t a c t iv e  d iv is io n  o f the  

cambium c e l l s  w ith the re su lta n t form ation o f  wound parenchyma i s
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l im ite d , e s p e c ia l ly  in  th e c io n . This delay in  the form ation o f  

wound parenchyma seems to  be due to a large  exten t to  the fa ilu r e  o f  

the v e s s e ls  to  become plugged, thus a llow in g  e x ce ss iv e  l o s s  o f  

w ater. In a d d itio n , th e  ray c e l l s  and trach eid  c e l l s  do become 

plugged making tr a n s lo c a tio n  o f stored  m a ter ia ls  and water to  the 

cambium d i f f i c u l t .  P r ie s t le y  (45) and P r ie s t ly  and Swingle (46) 

advance th e  theory th a t a high water content in  the cambium and 

th e ad jo in in g  c e l l s  i s  necessary  before a c t iv e  growth can take 

p la c e . T his theory  seems to  help exp la in  the slow ness o f the  

walnut to  form wound parenchyma.

The union o f stock  and cion  in  g ra ftin g  i s  the r e s u lt  

o f the m eeting and, ydien s u f f ic ie n t  pressure i s  exerted , the 

fu sio n  o f  the wound parenchyma a r is in g  from each. I f  e ith e r  the  

stock  or th e c ion  does not form wound parenchyma ( c a l lu s ) ,  regard­

l e s s  o f the amount formed by the oth er, no union can take p la ce . 

S ince the cion  i s  u su a lly  severed from i t s  water supply some time 

before i t  i s  p laced  on the stock , i t  su ffe r s  more from the lo s s  

of water than the stock  does.

The walnut occup ies a p o s it io n  interm ediate between the 

apple and the peach with resp ect to  v e g e ta tiv e  propagation. The 

apple can be propagated w ith  ease by budding and by g r a ftin g  on 

both young and old  t r e e s .  The peach i s  very d i f f i c u l t  to  gra ft  

s u c c e s s fu lly , but can be budded with ease on young tr e e s .  The 

walnut can o cc a s io n a lly  be grafted  w ith a f a ir  degree o f  success  

and can u su a lly  be budded, with good c io n  wood, with reasonable
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su c cess . Why such v a r ia b le  responses? I t  seems th a t the rea ctio n  

o f  th ese p la n ts  in  an attempt to  h ea l wounds o f fe r s  some c lu e  to  

the s itu a t io n .

I f  th e  bark of the spple i s  p eeled  o f f  when growth i s  

a c t iv e ,  th e  c e l l s  l e f t  on the wood m u ltip ly  r a p id ly , under favor­

ab le co n d itio n s , foim ing wound parenchyma or c a llu s  d ir e c t ly  on 

th e surface o f the wound. L ater a cambium la y e r  i s  regenerated  

and xylem and phloem are d iffe r e n t ia te d  (F ig . 1 6 ) , This type o f  

h ea lin g  i s  u su a lly  c a lle d  regen eration . I f  th e  in ju ry  i s  such 

th a t the young c e l l s  on the surface o f the wound are destroyed, 

regen eration  h ea lin g  does not take p la c e , but an e n t ir e ly  d i f f e r ­

ent kind o f  h e a lin g  does occur. The cambium la y er  bordering the  

wound produces a p rofu sion  o f parenchymatous c e l l s ,  which tend to  

push over the wound. F in a lly , a la y er  assumes ty p ic a l cambium 

c h a r a c te r is t ic s  and produces xylem elem ents on the inner s id e  and 

phloem elem ents on the outer s id e . The cambium tends to  cover the  

wound by a la t e r a l  growth. Such h ea lin g  i s  c a lle d  w a llin g-over  

and i s  i l lu s t r a te d  in  F igu res 9 , 10 and 12. I f  the over-w allin g  

t is s u e s  from th e  op p osite  s id e s  o f th e  wound meet w ith  s u f f ic ie n t  

p ressu re , e ith e r  b efore the cambium la y er  i s  formed or a f te r , they  

u n ite , forming a continuous lajrer of t is s u e  over the wound. This 

has occurred in  F igu res 16 and 17. Both types o f h ea lin g  occurred  

in  16 and 17.

The walnut has power to  h ea l by regen eration  under very  

favorab le con d ition s and a lso  to  h ea l by over-w a llin g , but to  a
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l e s s e r  degree than th e  apple* The peach forms regen eration  t is s u e  

f r e e ly  on young t r e e s  but on o ld  wood t h is  type of h ea lin g  i s  not 

so common.

The production o f  wound gum, d is t in c t  from th a t which 

exudes from wounds on Prunus sp e c ie s , by which the v e s s e ls ,  t r a ­

ch eid s and ray c e l l s  become plugged, seems to be an important 

fa c to r  in  the su ccess  or fa ilu r e  o f  g r a ft in g . Swarbrick (54) 

f in d s  th a t such p lugging occurs to  th e  exten t o f 0 .1  to  0 .3  mm. 

fu rth er  than th e k n ife  wound in  ringed apple stem s. Bradford and 

S itto n  (12) consider gum form ation, e s p e c ia lly  the p lugging o f  

th e  v e s s e l s ,  to  be important in  the h ea lin g  o f wounds and in  

g r a ft in g . The walnut apparently does not rea ct to wounds in  th e  

same manner a s does the apple. The walnut t i s s u e s  immediately 

below th e wound d ie  fo r  a considerab le d ista n ce  frcm the wound 

before gum form ation takes p lace  (F ig . 11, 1£, and 1 5 ) .

5 . THE INFLUENCE OF GROSS ANATOMY.

In February, 1930, c ion s were secured from a s in g le  

large se ed lin g  tree  on the United S ta te s  Pecan F ie ld  S ta tio n , 

Shreveport, L ouisiana. These were grafted  on two year old seed­

l in g  root s to ck s , the tap ro o ts  o f  which had been shortened to  

about one fo o t .

As th e  c io n s  were being prepared, about 240 were 

measured a t the p o in t where the bevel was made on the b asa l end 

o f the c io n . These measurements were (1) diameter o f p ith , (2)
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w idth o f xylem , i . e . ,  from p ith  to cambium, (3) width o f bark, 

i . e . ,  from the cambium outward, and (4) t o t a l  diameter o f  th e  

stem. The c io n s  were tagged w ith  s e r ia l  numbers and the meas­

urements recorded by number* The age o f wood and the t o ta l  len gth  

o f  the annual growth from which the cion  was secured were a lso  

recorded.

The g r a fts  were prepared by the whip method, waxed and 

packed in  m oist spaghnum in  constant temperature boxes, as d escr ib ­

ed la t e r .  E igh ty  g r a fts  were exposed to each o f the fo llo w in g  

tem peratures, £4°, 28° and 32° G. The g r a fts  were allowed to  r e ­

main in  the boxes fo r  four weeks, at the end o f  which time they  

were removed and th e c a llu s  form ation determined. The g ra fts  were 

then p lan ted  in  the nursery row but u n fortu n ate ly , due to  the ex­

trem ely dry weather which fo llo w ed , only one g ra ft  l iv e d .  The 

average c a l lu s  form ation o f  a l l  g r a fts  was 68 .5  per cent*

These data have been arranged on the b a s is  o f age of 

c io n , len g th  o f  annual growth from which th e  e ion  was secured, 

diameter o f  the p ith , diameter o f th e  c io n , r a t io  o f  the diameter 

o f the p ith  to  the diameter o f  the c io n , width o f  xylem , width of  

bark, width o f  vascu lar t i s s u e .

TABLE 9. INFLUENCE OF AGE OF CION ON CALLUS FORMATION.

Age o f c ion  1 year 2 year 3 year 4 year and over

Per cent ca llu sed  54 79 80 75

Wood two or th ree years o ld  seems to  provide b e tte r  

c io n s  than e ith e r  younger or o ld er wood. There i s  very  l i t t l e
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d iffe r e n c e  between two and three year o ld  wood; in  f a c t ,  there  

i s  much g rea ter  v a r ia t io n  w ith in  e ith e r  age than i s  here shown 

between the two ages*

TABLE 10. INFLUENCE OF LENGTH OF ANNUAL GROWTH ON CALLUS FORMATION. 

Length o f  annual growth (cm .) 10 15 20 25 30 35 40 45

Per cen t ca llu se d  74 65 70 54 50 40 100 82

The data fo r  len g th s  o f 35 cm. and over represent r e s u lt s  

o f  a sm all number o f  g r a f ts ,  th ere fo re , should not be g iven  too  

much weight in  analyzing the r e s u lt s .  The len gth  o f the annual 

growth, per s e , probably i s  not resp o n sib le  fo r  su ccess  or fa ilu r e  

in  g r a ft in g , but g en era lly  th e longer growth i s  a sso c ia ted  w ith  a 

greater  development o f  the shoot in  a l l  c h a r a c te r is t ic s , p a r tic u la r ­

l y  in  in crea se  in  diam eter. Data in  Table 11 seems to  in d ica te  

th a t in crea se  in  diam eter i s  a sso c ia ted  w ith b e tter  c a l lu s  form ation. 

TABLE 11. INFLUENCE OF TOTAL DIAMETER OF CION ON CALLUS FORMATION. 

Diameter o f  stem (mm.) 6 Q 10 12 14

Per cent ca llu se d  0 53 .0  65 .0  8 2 .5  8 2 .5

These data in d ic a te  th a t any stem having a diameter un­

der 10 mm., or 3 /8  in ch , i s  u n su ita b le  fo r  c ion  wood. The average 

lea d  p e n c il i s  about 8 mm., or 5 /16  inch , in  diam eter, so th a t the  

stat<3nent o ften  made th at wood th e  s iz e  o f a lead  p e n c il ,  or 1 /4  

inch  in  diam eter, i s  su ita b le  for  c ion  wood i s  not s t r i c t l y  cor­

r e c t  in  the black walnut. I t  would be nearer the tru th  to  say th at  

cion  wood should be 3 /0  to  5 /8  inch in  diameter* The data do not
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show th a t wood la r g e r  than 5 /8  inch  i s  u n sa t is fa c to r y  from the  

standpoint o f c a l lu s  form ation, but wood above th at s iz e  i s  v ery  

d i f f i c u l t  to  work w ith and, in  actu a l p r a c t ic e , preference should 

be given to  wood 3 /8  to  1 /2  inch in  diam eter.

A good type o f  c ion  wood i s  shown in  the group to  the

r ig h t  in  Figure 18 . This i s  two year o ld  wood o f a diameter be­

tween 3 /8  and 5 /8  in ch . The large primary buds have ab scised  and 

th ose  remaining are sm all secondary buds which w i l l  push in to  

growth r e a d ily  when forced . Next to  th e  l e f t  i s  a group o f  one 

year o ld  sh o o ts . The b a sa l p ortion  o f th ese  shoots i s  su ita b le

fo r  cion  wood but not q u ite  as good as the two year wood. On the

extreme l e f t  i s  a group o f sm all one year shoots and next to  i t  

i s  a group o f  sm all two year shoots. Both o f th ese groups are 

u n su ita b le  fo r  c io n  wood.

TABLE 12. INFLUENCE OF DIAMETER OF PITH ON CALLUS FORMATION. 

Diameter o f p ith  (mm.) 2 2—2 .4  2 .4 —2 .8  2 .8 —3 .2  3 .2 —3.6  3 .6 —4 .0

Per cent ca llu se d  68 .5  67 .2  76.6  65 .7  71 .0  78*0

From th ese  data, i t  appears th at there i s  very l i t t l e ,  

i f  any, r e la t io n  between the s iz e  o f  the p ith  in  a walnut stem and 

the c a llu s  form ation. The opinion has often  been expressed  that 

such a r e la t io n  does e x is t ;  that c a llu s  formation and su ccess in  

g r a ftin g  was in  in verse  r a t io  to  the s iz e  o f the p ith .
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TABLE 13 . INFLUENCE OF RATIO TOTAL DIAMETER OF STEM TO DIAMETER 
OF PITH ON CALLUS FORMATION.

R atio  stem / p ith  2 2 .5  3 3 .5  4 4 .5  5

Per cent c a llu se d  0 75 68 82 91 92 64

These data are somewhat ir r e g u la r , but the per cent 

of c a l lu s  form ation in cr e a se s  w ith increased  r a t io  o f t o ta l  diam­

e te r  o f the stem to  p ith . The data represent r e s u lt s  from c ion s  

one, two, th ree and four years old* I t  i s  probable th a t the s iz e  

o f  the p ith  does not change m a ter ia lly  a f te r  th e  f i r s t  la y er  of  

secondary xylem has matured, c e r ta in ly  no change occurs a f te r  the  

f i r s t  year’ s growth i s  com plete. Data o f  Table 11 show c le a r ly  

th a t the per cent c a llu s  form ation in crea ses  w ith increased  

diameter o f  the stem. Increased t o t a l  diam eter i s  accompanied by 

approxim ately unchanged p ith  diam eter, th ere fo re , i t  must n eces­

s a r i ly  fo llo w  th at the in crease  in  r a t io ,  up to  a cer ta in  p o in t,  

would be a sso c ia ted  w ith increased  per cent o f c a llu s  form ation. 

The data in d ica te  th a t th e  maximum i s  reached with a r a t io  of 4 .5  

b u t, s in ce  shoots with t o t a l  diameter greater than 14 mm. were not 

used , and data were not secured on r a t io s  above 5, i t  i s  uncertain  

whether the decrease with the r a t io  o f 5 i s  actu a l or m erely a c c i­

d en ta l. O bservations, w ithout actu al measurements, in d ic a te  th a t  

c io n s  la rg er  than 20 mm. in  diameter form c a llu s  more slow ly  than 

th e somewhat sm aller ones.
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TABLE 14. INFLUENCE OF WIDTH OF XYLEM ON CALLUS FORMATION.

Width, o f xylem (mm.) 1.6 2 .0  2 .4  2 .8  3 .2  3 .6

Per cent c a llu se d 55 60 65 55 74 77

With the excep tion  o f  th e  xylem width o f  2 .8  mm., 

the per cent o f  c a llu s  form ation in crea ses  with increased  width 

o f xylem.

TABLE 15. INFLUENCE OF WIDTH OF BARK ON CALLUS FORMATION.

Here the per cent o f c a l lu s  formation in crea ses  w ith  

the th ick n ess  o f  the bark.

E arly  in  th e progress o f the work, i t  was observed 

th a t c ion s w ith  th ick  bark gave b e tte r  r e s u lt s  than c ion s having  

th in  bark. I t  was a t f i r s t  thought th a t the amount o f  cork fo r ­

mation was la r g e ly  resp on sib le  fo r  th is  d iffe r e n c e , being e f f e c t iv e  

through r e s is ta n c e  to  d e s ic c a tio n .

bark i s  not s o le ly  r e sp o n sib le , fo r  stems having th ick  bark a lso  

have w e ll developed xylem and the in flu en ce  o f both xylem and 

phloem con trib u te  in  the same d ir e c t io n  and th e ir  in flu en ce  cannot

be sep a ra te ly  eva lu ated . Considering th ese  fa c t s ,  i t  seems probable

Y/idth o f  bark (mm.) 0 .6  0 .8  1 .0  1 .2  1 .4 /

Per cent c a llu se d 50 57 .5  69 .5  78 .5  81 .5

Later experim ents in d ica te  th at the th ick n ess o f th e



38

th a t  the b e n e f it s  o f  the th ick er  v ascu lar  t is s u e  must be at l e a s t  

two fo ld ;  f i r s t ,  the cork fo m a tio n  i s  more e f f i c i e n t  in  con­

serv in g  m oisture and second, the th ick er  vascu lar t is s u e  g iv e s  greater  

storage o f  reserve  foods upon which to  draw fo r  the form ation o f  

wound parenchyma and new t is s u e .

TABLE 16. INFLUENCE OF WIDTH OF VASCULAR TISSUE ON CALLUS
FORMATION.

Width (mm.) 2 .0  2 .4  2 .8  3 .2  3 .6  4 .0  4 .4  4 .8  5 .2  5 .6

Per cent c a llu se d  33 47 64 61 62 68 76 77 90 100

With the excep tion  o f the width o f  2 .8  ram., there i s  

an in crea se  in  the percentage o f ca llu sed  g r a fts  with in crea sin g  

width o f  vascu lar t i s s u e .  This seems to  s ig n if y  th at c a l lu s  fo r ­

m ation tak es p la ce  more ra p id ly  where th e vascu lar t is s u e  i s  w e ll  

developed, presumably meaning th a t there i s  more storage space 

fo r  reserve  foods and th a t a b e tte r  system fo r  th e ir  tra n slo ca tio n  

i s  provided.

Winkler (59) rep orts  th a t grape c u ttin g s  with high  

starch  content produced a h igher percentage o f roo tin g  than cu t­

t in g s  w ith  medium and low con ten t. He does not show comparative 

measurements o f  diam eter, but h is  f ig u r e s  show that the stems

c la sse d  as having high starch  content had considerably  greater diam­

e te r  than the stems o f medium and low starch  con ten t.
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5 . INFLUENCE OF RELATIVE ATMOSPHERIC HUMIDITY.

Apparatus*

S ix  boxes were con stru cted , each having dimensions 

o f  16 x 20 x 12 inches* These were made of 12 inch lumber with  

one 16 x 20 s id e  l e f t  open and th e  other covered by g lass*  Each 

box was provided w ith  a h ea tin g  c o i l  and a thermometer* S ix  o f  

th ese  boxes were constructed  and th e h eatin g  elem ent so adjusted  

and w ired in  s e r ie s  th at a l l  were co n tro lled  by one theremoregu- 

la to r*  The t o t a l  r e s is ta n c e  was such that the h ea tin g  elem ents 

would glow on ly  f a in t ly  when the f u l l  current was on. This pro­

v is io n  was made to  avoid b lis t e r in g  the c ion s near the h ea ter .

The therm oregulator was adjusted so th at the temperature w ith in  

the boxes was 28° to  30° C* Cions were grafted  on shortened root

sto ck s which were p lan ted  in  m oist peat in  a greenhouse bed. The

g r a fts  were allowed to  p ro jec t through double th ick n esse s  o f ta r  

paper which was spread over the top o f  th e  p ea t. The h o le s  

through which the g r a f ts  p rojected  were sea led  with g ra ftin g  wax.

The box was then p laced  over the g r a f ts ,  g la s s  s id e  up.

R e la tiv e  Humidity.

The r e la t iv e  hum idity of th e  a ir  was co n tro lled  at

( l )  almost dry, (2) 25$, {3). 50$, (4) 65$, (5) 75$, and (6) 

sa tu rated .

According to  W ilson (58) a sulphuric acid  so lu t io n  o f  

a given  percentage com position has a constant vapor pressure and,
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when exposed in  a con fin ed  sp ace, m aintains th e atmospheric humidity  

a t a con stan t degree fo r  a constant temperature* T herefore, the  

su lp h u ric acid  s o lu t io n s  were u t i l i z e d  to  m aintain the atmospheric 

h u m id itie s .

Evaporating d ish es  were placed under each box and kept 

f i l l e d  as fo llo w s:

(1) Dry atmosphere Calcium ch lo r id e , changed freq u en tly

(2) 25% r e la t iv e  huzuidity-§5.9% sulphuric a c id , changed fr e ­

ts )  50%

(4) 65%

(5) 75%

(6) Saturated " tf d i s t i l l e d  water

I t  i s  recognized  th a t, under the con d ition s o f th is  

experim ent, i t  i s  im possib le to  m aintain the atmospheric humid­

i t i e s  accu ra te ly  because the p o rtio n  o f the stem exposed i s  con­

s ta n t ly  g iv in g  o f f  m oistu re, and because m oisture was not com­

p le t e ly  excluded by the tar  paper* I t  i s  b e liev ed  th a t the atmos­

p h eric  h u m id ities  were m aintained n early  enough to  the d esired  

amounts, e s p e c ia l ly  in  the second s e r ie s  o f experiments*

Cion wood was secured from th e tr e e s  in  the nursery o f  

th e F orestry  Department as described before* This co n sis ted  of  

two year o ld  wood as n ea r ly  as p o ss ib le  of diam eters between 5 /8  

and 1 /2  inch* They were g ra fted , t ie d  and waxed as usual and 

p lan ted  in  the peat and th e  box p laced  over them* The f i r s t  s e r ie s

" 4 3 ,4  ,f ft

" 36 .0  M ,f

« 4,o  " ,f
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remained in  the boxes th ree weeks and the second s e r ie s  two weeks. 

Twenty walnut and ten  apple g r a fts  were used in  th e  f i r s t  s e r ie s  

and 25 walnut and 8 apple g r a fts  in  th e  second.

Table 17 g iv e s  th e r e s u lt s  o f  th e se  experim ents.

TABLE 17 . INFLUENCE OF ATMOSPHERIC HUMIDITY ON CALLUS FORMATION
AT TEMPERATURE OF 28° C.

R e la t iv e  hum idity (per cen t) 0 25 50 65 75 S at.

F ir s t  s e r ie s :

Per cen t c a llu se d , walnut 35 30 50 45 70 90

Per cen t c a llu se d , apple 60 50 10 10 50 60

Second s e r ie s :

Per cen t c a llu se d , walnut 12 52 60 -  72 95

Per cen t c a llu se d , apple 89 89 78 -  100 100

From th ese  r e s u lt s ,  i t  appears th at the atmospheric hum idity to  

which the walnut g r a fts  are exposed i s  somewhat important. Where 

a r t i f i c i a l  tem peratures are m aintained a t r e la t iv e ly  h igh  degree, 

p ro v is io n  should be made to  keep the r e la t iv e  humidity compara­

t iv e ly  h ig h .

7. INFLUENCE OF TEMPERATURE.

In 1928, c io n  wood was kept in  co ld  storage a t about 

5° C. Although the c io n  wood remained in  storage severa l weeks, 

none o f  i t  formed c a l lu s .  When the season’ s g r a ftin g  was com plete, 

th ere  was a small  amount o f  cion  wood l e f t  over. About t h is  time
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the c o o lin g  p la n t was shut down so th at the temperature o f  the  

storage rose to  20-22° 0 . About ten  days la t e r ,  when preparing  

to  d isp o se  o f  the c io n  wood, n early  every p iece  o f cion  wood had 

formed c a l lu s ,  seme q u ite  profusely*

C ertain  g r a fts  were made la t e r  than oth ers t h is  year, 

when the temperature was somewhat higher* These la te r  se t  g r a fts  

did somewhat b e tte r  than th ose s e t  e a r l ie r .  These ob servation s  

le d  to  an e la b o ra tio n  o f th e  problem to  include the in flu en ce  o f  

temperature upon grafting*

Apparatus.

To study the in flu en ce  o f tem perature, i t  was neces­

sary to con stru ct a s e r ie s  o f  boxes by means o f which the g ra fts  

could  be exposed to  co n tro lled  temperatures* I t  i s  o ften  said  

th a t th e c io n  begins growing before c a llu s  form ation and union  

can take p la c e , thus d ep le tin g  the supply of reserve food to a 

p oin t such th a t union cannot be formed* To avoid t h is ,  boxes 

were con stru cted  in  which a space 24 x 24 x 3 inches was heated . 

G rafts were made and in ser ted  through h o le s  in  the 24 x 24 inch  

s id e s  so th at the top protruded from one s id e  end the root from 

the other w ith the union w ith in  the heated space. This arrange­

ment provided fo r  th e  h eatin g  o f about an inch and a h a lf  o f  the 

top p ortion  o f  th e  stock  and a s im ilar  amount o f th e  b asa l por­

t io n  o f  th e  c io n .

The union o f  the g ra ft was waxed before in se r t io n  in
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the box and th e  h o le s  through which the c io n  and stock p rojected  

were plugged w ith  corks and waxed. M oist peat was packed around 

the roots#

An ordinary 50-w att lamp bulb was used as a source o f  

heat fo r  th e  f i r s t  s e r ie s  but was found u n sa tis fa c to r y . There­

a f te r ,  a r e s is ta n c e  c o i l  o f  nichrome w ire was used, being so ad­

ju sted  th a t when f u l l  current was on the w ire was ju st below the  

p o in t o f  glow h ea t. In complete darkness, a fa in t  red glow was 

produced but no glow was n o ticea b le  in  d iffu se d  l i $ i t .  In th is  

manner, th e  in ju r io u s  e f f e c t s  o f  in ten se  radiant heat were 

avoided.

Temperature was co n tro lled  with a de Khotinsky thermo- 

reg u la to r  wired in  s e r ie s  w ith  the h eatin g  e l  ament so th a t a r i s e  

in  temperature above the poin t a t which th e  reg u la to r  was se t  

caused th e platinum  p o in ts  o f  the reg u la to r  to  separate and break 

th e current p assin g  through the h ea ter . The p o in ts  then remained 

open u n t i l  the temperature o f the box dropped below the d esired  

p o in t.

A fter  two s e r ie s  o f experim ents were conducted, th ese  

boxes were discarded* and boxes s im ila r  to  th ose described  fo r  

th e  atmospheric hum idity s tu d ie s  were used fo r  sev era l s e r ie s ,  

when they were discarded in  favor o f  th e  f in a l  form.

The f in a l  form of the constant temperature box was one 

18 x 24 x  24 in ch es, in  which the e n tir e  stock  and cion  was p laced
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(F ig . 1 9 ) ,  th e  ro o ts  b ein g  packed in  m oist spaghnum or peat 

moss in  a w ire basket in s id e  th e box.

The box i s  heated  by e l e c t r i c i t y ,  u sin g  a 110 v o lt  

cu rren t. The h eatin g  elem ent i s  a co n ica l p o rce la in  core wound 

w ith nichrome r e s is ta n c e  w ire, such as are used in  p ortab le  

rad ian t e le c t r ic  h e a te r s . This e lanent i s  wired in  s e r ie s  with  

a therm oregulator.

A w ire basket i s  p laced  in  the box, supported free  from 

the f lo o r  so as to  lea v e  a two inch space fo r  a ir  c ir c u la t io n .

An a ir  space i s  provided above and on two s id e s  o f the b ask et, 

w hile th e  other two s id e s  are placed c lo se  again st the s id e  w all 

o f the box; T his arrangement p rovides fo r  c ir c u la t io n  o f a ir  by 

con vection , r is in g  from the h ea ter , p assin g  over the basket and 

down on the op p osite  s id e , under the basket and back to  th e  heater*

The basket i s  provided w ith  a s o lid  sheet iron  sid e  

next to  the h eater  to  p ro tec t th e  g r a fts  from d ire c t  rad iant h ea t.

The w a lls  o f  the box are made double, the outer one 

being o f  matched inch lumber and the inner o f  3 /8  inch w a ll p la s ­

t e r  board; th e space between the two w a lls  i s  f i l l e d  w ith an in ­

su la t in g  m a ter ia l.

Cion Wood.

Cion wood fo r  the f i r s t  three s e r ie s  was obtained from 

the same tr e e s  in  th e  nursery of th e  F orestry  Department as de­

scribed  e a r l ie r .  Cion wood for  the fourth  s e r ie s  was obtained
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from th e  orchard o f  Mr* Henry M# W allace, Highland, Michigan* 

These t r e e s  had been n eg lected  up to  two years previous to  the 

tim e when the c ion  wood was cut* The tr e e s  had made good growth 

fo r  the past two seasons and some good wood was obtained.

For the f i f t h  s e r ie s ,  c ion  wood was obtained from a 

s in g le  la rg e  seed lin g  tr e e  on the Pecan F ie ld  S ta tio n  o f the 

United S ta te s  Department o f  A g ricu ltu re , Shreveport, L ouisiana.

Root Stock.

For the f i r s t  th ree  s e r ie s ,  th e  root stock  was ob­

ta in ed  from th e  b lock o f seed lin g s  used as root stocks in  th e  

previou s f i e ld  work. For th e  other s e r ie s ,  v igorous two year 

o ld  s e e d lin g s , most o f which were about 3 /8  inch in  diameter 

at the ground l in e ,  were used* S eed lin gs were dug and the tap 

root shortened to  8 to  12 in ch es. The top was cut back and 

th e g ra ft was u su a lly  p laced  ju st above the ju nction  of the root  

and stem.

Procedure.

G rafts were made by the usu al whip g ra ft method, 

waxed and exposed to  the c o n tro lled  temperatures as soon as 

p o s s ib le . G rafts were made for the f i r s t  s e r ie s  January 10 

to  21, and for the second s e r ie s ,  March 11 and 12, and fo r  the 

th ir d  s e r ie s ,  A p ril 28, 1929. S ix teen , 20 and 25 g r a fts , r e ­

s p e c t iv e ly , were used fo r  each temperature.

S ince on ly  f iv e  constant temperature boxes were
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a v a ila b le , th e  tem peratures to  which the g r a fts  were exposed 

were v a r ied  w ith  each se r ie s#  These tem peratures, w ith  the per  

cent o f  g r a fts  forming c a l lu s ,  are g iven  in  Table 18#

TABLE 18 . INFLUENCE OF TEMPERATURE ON CALLUS FORMATION IN 
WALNUT GRAFTING. FIRST THREE SERIES COMBINED.

Temperature ° C. 5 15 20 24 25 26 28 30 32 35 40

S e r ie s  1
Per cen t c a llu sed  0 0 44 31 0 0

S e r ie s  2
Per cent c a llu se d  15 30 40 40 25

S e r ie s  3
Per cent c a llu sed  32 50 54 40 20

A fter  th e  g r a fts  were removed from th e  temperature boxes, those  

showing c a llu s  were p lanted  in  a greenhouse bench in  sand and 

allow ed to  grow. The per cent o f g r a fts  which grew co rrela ted  

very  c lo s e ly  with the per cen t th a t c a llu se d , in d ic a tin g  th at  

union u su a lly  i s  accomplished on g r a fts  which form c a l lu s .

The data show the in flu en ce  o f  temperature on c a llu s  

fon aation  q u ite  c le a r ly .  There was l i t t l e  or no c a llu s  fonned 

below 20® C. in  most c a se s , and th a t formed at 20° was very  weak. 

At 25° to  30® C ., c a llu s  formed more re a d ily , e s p e c ia lly  a t 26° 

and 28®C. Above 30° C the c a llu s  formation was weak and none 

occurred a t 40® C.

In general where c a llu s  form ation took p la c e , i t  was
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more abundant on th ose  g r a fts  exposed to  tem peratures of 25° 

to  30° C. When th e g r a f ts  were allowed to  grow, the growth 

was more v igorou s and the f o l ia g e  a darker green, on g r a fts  

exposed a t th ese  tem peratures (Fig* 20)*

At 32° C. and above, many o f  the c io n s  were injured  

apparently  from dying o f e x ce ss iv e  h ea t. T his seems to  be true  

e s p e c ia l ly  o f c io n s  having com paratively th in  bark w ith l i t t l e  

cork formation*

Two a d d itio n a l experim ents on the in flu en ce  o f tem­

perature were conducted. In the f i r s t  o f th e se , in  ad d ition  to  

tem perature, the e f f e c t  o f  waxing the e n t ir e  c ion  upon the re ­

s u l t s  a lso  rece iv ed  a t te n t io n . In th e second, the in flu en ce  o f  

variou s fa c to r s  o f gross anatomy were considered.

G rafts were made May 12 , 13 and 14 , 1929, and p laced  

in  boxes w ith tem peratures m aintained a t 2 0 ° , 23°, 26°, 29° and 

32° C ., r e sp ec tiv e ly *  In each box were p laced  23 g r a fts  w ith  

c io n s o f the Ohio v a r ie ty , waxed in  the u su al way, 6 g r a fts  o f  

Ohio having e n t ir e  cion  and union waxed w ith p a ra ffin , 7 g r a fts  

w ith c io n s  o f  Ten Eyck waxed in  the usual way and 4 Ten Eyck 

having e n tir e  c ion  waxed.

These g r a fts  were allow ed to  remain in  the boxes 14 

days and were then  removed and p lanted  in  the nursery. On 

August 9 , they were examined and the number growing recorded; 

r e s u lt s  are presented  in  Table 19.
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TABLE 19. INFLUENCE OP TEMPERATURE ON THE UNION IN WALNUT 
GRAFTING. FOURTH SERIES.

Temperature ° C. 20 23 26 29 32 T o ta ls

Per cen t growing, a l l  g r a fts 16 31 45 26 35

Per cen t growing, regu lar waxing 14 26 32 32 32 27

Per cent growing, waxed e n tir e 20 44 78 16 44 42

These r e s u lt s  agree in  general w ith th ose  o f  the pre­

ceding experim ents in  th at th e temperatures 26° to  30° 0 . again  

g iv e  b est r e s u lt s .  In t h is  s e r ie s ,  the c io n  wood was not so u n i­

form as the preceding ones, and having such v a r ia t io n s  com plicates  

the e f f e c t  o f  th e  tem peratures.

M orris (3 6 ) , N ie lso n  (4 0 ), and o th ers have advocated 

stro n g ly  the co a tin g  o f  the en tir e  cion  w ith p a r a ffin , or parapin, 

but have n ot g iven  data on comparative t e s t s .  The r e s u lt s  of the  

waxing treatm ents in  t h is  s e r ie s  in d ica te  th a t some advantage i s  

derived  from such treatm ent but th e  d iffe re n c e s  are not very  s ig ­

n if ic a n t .  Further in v e s t ig a t io n s  o f waxing the en tir e  cion  are 

needed.

A very ser io u s  ob jectio n  to  the u se  o f  p a ra ffin  a lone, 

or mixed w ith some other substance to  r a ise  the m eltin g  p o in t, 

was observed in  th ese  t r i a l s .  When th is  m ateria l i s  m elted , i t  

becomes very th in  and has low v is c o s i t y ,  making i t  d i f f i c u l t  to  

secure a good se a l around the union.

Cion wood fo r  the l a s t  temperature experiment was ob-
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ta in ed  from a s in g le ,  la rg e  seed lin g  tr e e  lo ca ted  on th e  Pecan 

F ie ld  S ta tio n  o f th e  United S ta te s  Department o f  A g ricu ltu re , 

Shreveport, Louisiana*

In t h is  s e r ie s ,  cion  wood o f one, two and th ree year 

o ld  wood was used* There was much v a r ia tio n  in  the s iz e  o f  th e  

wood; t h is  v a r ia t io n  was used to  ob ta in  data on th e  in flu en ce  o f  

gross anatomy as p rev io u sly  discussed* A t o t a l  o f  120 g r a fts  was 

p laced  in  each o f  the fo llo w in g  temperatures: 20°, 24°, 28°, 32° 

and 36° C* The f in a l  form o f  constant terpperature boxes was used  

fo r  t h i s  s e r ie s  o f  experiments* The g r a fts  remained in  the boxes

fou r weeks and then were removed and examined fo r  c a llu s  formation*

R e su lts  are presented  in  Table 20*

TABLE 20. INFLUENCE OF TEMPERATURE ON CALLUS FORMATION. FIFTH
SERIES*

Temperature, ° C* 20 24 28 32 36

Per cent c a l lu s  form ation 13*5 72 .8  8 6 .4  31*4 24.3

Again the data in d ic a te  th at tem peratures o f  24° to  

30° C. are most favorab le fo r  c a llu s  form ation in  th e w alnut, w ith  

th e optimum at or near 28° C* The degree o f c a llu s  form ation at 

28° C. i s  high enough to  be considered commercially sa tis fa c to ry *  

These data seem e s p e c ia lly  s ig n if ic a n t  because o f the  

wide v a r ia t io n  in  the cion  wood used in  th ese  experim ents. Much 

o f i t  could not be considered s u ita b le ,  and some was very  sm all
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on© year •wood which has c o n s is te n t ly  g iven  poor resu lts#

DISCUSSION

I t  i s  q u ite  c le a r  from th ese experim ents th a t , by ex­

posure o f the g r a f ts  to  th e  optimum tem perature, which apparently  

l i e s  in  th e  neighborhood o f £8° C#, i t  i s  p o ss ib le  to  in crease  the  

r a te  at which wound parenchyma i s  produced# In t h is  manner i t  i s  

p o ss ib le  to  in crea se  the percentage o f  g r a f ts  forming c a llu s  and 

thus in crea se  the per cent o f  su c c e ss fu l unions# I t  must be 

r e a liz e d  th at union does not always fo llo w  c a llu s  fo m a tio n , but 

union cannot be accom plished u n le ss  c a l lu s  or wound parenchyma i s  

produced.

That other fa c to r s  b esid es  temperature are op erative i s  

in d ica ted  by the s tu d ies  in  anatomy, gross anatomy and chem ical re ­

la tio n s#  However, i f  the temperature v a r ie s  much from the optimum, 

the c a llu s  form ation, even in  the b est typ es of c io n  wood, i s  very  

u n sa tisfa cto ry #  I t  would, th ere fo re , appear th a t, o f  a l l  the fa c ­

to r s  in v e s t ig a te d  a f fe c t in g  g ra ftin g  in  the black walnut, tempera­

ture i s  o f  primary importance#

I t  i s  probable th a t temperature a c ts  in d ir e c t ly  through 

in creased  chem ical a c t iv i t y ,  e s p e c ia lly  as the chemical a c t iv i t y  

i s  ca ta lyzed  by enzymes# I f  the data on the in flu en ce  o f tempera­

ture be p lo tte d  (Fig# 21) a curve i s  obtained which c lo s e ly  resem­

b le s  the type o f curve obtained fo r  the r e la t io n  between tempera-
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tu re and enzyme a c t iv i t y  (18 , 19 and 32)* The optimum and a l l  

p o in ts  on t h is  curve occur a t low er tem peratures than fo r  the  

ty p ic a l  curve as represented  by the h y d ro ly sis  o f  m altose by 

m altase (1 9 ) . In th e  la t t e r  case the optimum v a r ie s  with the  

hydrogen io n  con ecn tration  o f the medium from 35° C. to  47° C.

Just why growth in  the walnut stem responds to  low er temperature 

and i s  p ro h ib ited  a t tem peratures optimum fo r  enzyme a c t iv i t y ,  as  

freq u en tly  rep orted , i s  not e n t ir e ly  c le a r , but the time fa c to r  

probably i s  o f  great importance*

In  any b io lo g ic a l system time i s  a fa c to r  equal in  

importance to  any other variab le*  Most o f th e  s tu d ie s  on enzy­

m atic a c t iv i t y  have been conducted for  r e la t iv e ly  short p er io d s, 

measured in  hours* Very freq u en tly  statem ents are made th a t 37° 0* 

i s  the optimum fo r  enzym atic a c t iv i t y ,  which i s  probably tru e fo r  

enzymes obtained from warm-blooded anim als, i f  th e  tim e o f the  

rea ctio n  i s  short* With enzymes derived from p la n ts  and w ith  the  

rea ctio n  proceeding over a lon ger period  o f tim e the optimum tem­

perature w i l l  approach room temperature* Every enzymatic rea ctio n  

tak ing p lace  c o n s is t s  o f a t l e a s t  two phases, enzyme action  and 

enzyme d estr u c tio n , and th e  ra te  o f  in crease o f enzyme a c t iv i t y  and 

th e  ra te  o f  in crea se  of enzyme d estru ctio n  probably bear no con­

sta n t r e la t io n s h ip . Eor short periods of tim e, h igher temperatures 

would produce grea ter  enzyme a c t iv i t y  but t h is  might be accompanied 

by grea ter  enzyme in a c t iv a t io n . With s t i l l  h igher tem peratures the
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th e  in a c t iv a t io n  may he p rogressin g  at a much g rea ter  speed 

than the a c t iv a t io n , so th a t the enzyme may he in a c tiv a ted  be­

fo r e  there aie any appreciable products o f  th e  reaction* I t  i s  

e n t ir e ly  p o s s ib le ,  and v ery  probable, th at had the rea ctio n  been 

. continued fo r  a lon ger tim e th e  t o t a l  products would have been 

grea ter  a t a low er temperature than th a t which appeared to  be the  

optimum e a r ly  in  the p rogress o f the reaction*

In p la n t t is s u e  the response to tonperature i s  much 

slow er than th a t o f enzymes from warm-blooded anim als in  a r t i f i ­

c ia l  media* In the experim ents h erein  reported , the time was 

long and the r e s u lt s  apparently show the in flu en ce  o f enzyme 

a c t iv i t y  a t tem peratures between 25° and 50° C. and anzyme in ac­

t iv a t io n  a t tem peratures above 30° C*

Among the fa c to r s  which may be a sso c ia ted  with the de­

p ressio n  o f growth at the h igher tem peratures i s  the d e f ic ie n c y  

o f  m oisture w ith in  the stem a v a ila b le  fo r  chem ical a c t io n . At 

th e h igher temperature the m oisture may be evaporated or oth er­

w ise removed* The h igher tem peratures may cause a cer ta in  amount 

o f coagu la tion  of the c o l lo id a l  m ater ia l w ith in  the c e l l  and thus 

retard  growth*

The curve fo r  c a llu s  form ation agrees w ith growth 

curves in  general except th at the r i s e  in  the curve i s  more abrupt 

than the u sual growth curve but, had more determ inations been made, 

i t  i s  p o ss ib le  that a smoother curve would have been obtained* In
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c e r ta in  o f the experim ents, apple g r a fts  were exposed to the same 

tem peratures as the walnut g r a f ts .  These produced more c a llu s  at  

both low er and h igher tem peratures than d id  walnut g r a fts  and, i f  

thesBdata were p lo tte d , a f l a t t e r  curve would be obtained. I t  i s  

ev ident th at part of th e  response o f  th e  walnut to temperature i s  

general and part s p e c if ic  fo r  th e  sp e c ie .

Although the w riter  has been unable to  secure any 

m a ter ia l and co n s is te n t improvement in  g r a ftin g  o f  th e  black w al­

nut through g ir d lin g  or d e fo lia t in g  the shoots or through n itro g e ­

nous f e r t i l i z e r s ,  i t  i s  q u ite  ev ident th a t th e  con d ition  of the  

shoots used fo r  c ion s and a lso  the con d ition  o f se ed lin g s  used fo r  

stock  i s  im portant. Evidence of t h is  i s  had in  the data presented  

upon the in flu en ce  o f  th e  gross anatomy of the c io n . R eference  

rep eated ly  occurs in  l i t e r a tu r e  r e la t in g  to  propagation by budding 

and g r a ftin g , both in  resp ect to  th e  walnut and to  other f r u i t s ,  

to  th e  e f f e c t  th a t w e ll matured sh oots g ive  more s a t is fa c to r y  r e ­

s u lt s  than p oorly  matured sh oots . The term "w ell matured" ev id en t­

l y  means w e ll nourished, th a t i s ,  shoots which grew m oderately  

v ig o ro u sly  and had s u f f ic ie n t  f o l ia g s  properly exposed to  su n lig h t  

to  supply abundant m a te r ia ls , both carbohydrate and p ro te in , fo r  

storage . One p r e r e q u is ite  for  vigorous growth i s  a supply o f s o i l  

n u tr ie n ts , e s p e c ia l ly  n itrogen .

D irect evidence was not secured in  t h i s  regard, but the

c o n s is te n t ly  poor r e s u lt s  with d e fo lia te d  shoots in d ica te  th a t
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stored  n u tr ie n ts  are im portant. The shoots used in  the l a s t  

s e r ie s  o f experim ents were secured from a tow o f tr e e s  bordering  

a c u lt iv a te d  f i e l d .  These tr e e s  were w e ll spaced so th a t they  

rece iv ed  abundant su n lig h t . G rafts made from th ese  shoots were 

exposed to  th e  temperature which i s  approxim ately optimum and r e ­

s u lt s  o f  from 76%> to 90% "take” were secured. In t h is  ca se , w ith  

two and th ree year o ld  wood, m a ter ia ls  and con d ition s as n early  

id e a l a s  p o ss ib le  were secured.

There are apparently two primary r e q u is ite s  fo r  suc­

c e s s fu l  g r a ft in g  o f  th e  black  walnut; su ita b le  cion  wood and o p t i­

mum tem perature. Probably o f on ly  s l ig h t ly  l e s s  importance i s  a 

stock  in  th e  proper co n d itio n  o f  v ig o r .

Shoots which w i l l  make su ita b le  c ion  wood u su a lly  can 

be obtained frcm tr e e s  8 to  12 years o ld  in  a moderate s ta te  o f  

v ig o r , r e ta in in g  th e ir  fo lia g e  in  a h ea lth y  con d ition  u n t i l  normal 

tim e fo r  l e a f  f a l l ,  and w e ll exposed to su n lig h t and c ir c u la t io n  

o f air*

The most s a t is fa c to r y  method fo r  securing the proper 
*

temperature must be adapted by th e in d iv id u a l to  s u it  h is  p a r tic u ­

la r  needs. A very  s a t is fa c to r y  chamber in  which the temperature 

can be co n tro lle d  and in  which a la rg e  number o f g r a f ts  can be 

c a llu se d , can be constructed  a t a reasonable c o s t .  The co st o f  

op eratin g  such a chamber would a lso  be reasonab le. However, the  

walnut i s  somewhat d i f f i c u l t  to  tran sp lan t and i t  has not been 

determined how many o f the ca llu se d  g r a fts  can be grown in to  good
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trees*  B efore t h i s  method o f bench g r a ft in g  and c a llu s in g  in  an 

in cu b ator can be recommended g e n er a lly , fu rth er  experim ents are 

needed to  determine the b est method o f  handling th e  g r a f ts  subse­

quent to  c a llu s in g , a lso  th e e f f e c t  of the temperature on the  

root and i t s  subsequent behavior should r e c e iv e  a t te n t io n .

Where a r t i f i c i a l  tem peratures cannot be u t i l i z e d ,  i t  

i s  suggested  th a t th e g r a ftin g  op eration s be delayed u n t i l  th e  

temperature remains above 70° F. fo r  a con sid erab le p ortion  o f  the  

day* T his w i l l  prohably mean th a t the stock  w i l l  have sta r ted  in to  

growth and th at care must be ex erc ised  to  make th e  g r a fts  without 

te a r in g  the bark away. A fter  the g ra ft  i s  made, some p ro v isio n  

fo r  m aintain ing th e  temperature m i^it be made, such a s  covering  

the union and a t l e a s t  a p ortion  of the c io n  and stock  w ith a 

black  paper. The black paper would absorb heat from the su n ligh t  

and the temperature would be in creased .

P o ss ib ly  g r a ftin g  in  autumn may prove advantageous.

The g ra ft  might be s e t  in  the c o l la r ,  below the surface o f th e  

ground and the s o i l  banked around the c io n , lea v in g  one bud uncov­

ered. I t  i s  p o ss ib le  th a t the s o i l  would be warm enough to induce 

u n itin g . The proper tim e fo r  t h is  would probably be during August 

in  M ichigan, or in  September in  the south . These g r a fts  would then  

be allow ed to pass through the w inter in  p lace and during the f o l ­

low ing spring would force in to  growth, g iv in g  a f a ir  s iz e d  tr e e  by 

f a l l ,  one year a f te r  g r a ft in g .

There i s  u n certa in ty  as to  whether th e  g ra ft  w i l l  form
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c a l lu s  a t  th a t tim e o f  the year* An in d ic a tio n  th a t c a llu s  w i l l  

form in  f a l l  i s  had on c io n s which were ringed  to  prepare them 

fo r  th e  stored  n u tr ien t stu d ies#  Some of t h is  was done in  August 

in  Michigan and some in  September in  Louisiana* In both ca se s ,  

c a l lu s  form ation took p lace  above th e wound.

A d d ition a l work might w e ll be done w ith the patch bud 

method o f  propagation* The prelim inary work reported here and the  

su ccess  o f  t h is  method w ith  pecan propagation in d ica te  th a t the  

method could be developed fo r  the w alnut. The primary problem  

seems to  be to  fin d  what c o n s t itu te s  su ita b le  c ion  wood and to  f in d

a s a t is fa c to r y  method o f s to r in g  the wood u n t i l  needed* S lig h t

m o d ifica tio n s  in  the technique m i^ it w e ll be made in  order to  speed  

the work*

On th e whole, there i s  probably more hope fo r  the com­

m ercia l propagation o f the black  walnut by budding than by g r a ft in g .

SUMMARY.

1# The black  walnut i s  very  d i f f i c u l t  to  propagate 

a sex u a lly , as reported by most authors d ea lin g  w ith  th e su b jec t .

2 . Apparently, a p p lic a tio n s  o f  n itrogenous f e r t i l i z e r s  

or g ir d lin g  o f th e  shoots does not have s u f f ic ie n t  in flu en ce  to  

m a te r ia lly  a l t e r  the behavior o f walnut c ion s upon g r a ft in g . Par­

t i a l  d e fo lia t io n  seems to  depress the per cent o f  c a llu s  formation*

3* Treatment o f  the c ion  wood by chem icals did not in ­

crease  th e percentage o f  g r a fts  u n it in g .
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4 . Propagation by th e  patch bud method o f fe r s  promise 

but th ere  are d e t a i ls  o f t h is  method which s t i l l  need a t te n t io n .

5 . Anatomical s tu d ie s  in d ic a te  th at the walnut i s  more 

s e n s i t iv e  to  wounds than i s  the ap p le . P ro tec tio n  o f the wood 

from d e s ic c a tio n  by p lugging o f th e  xylem t is s u e s  proceeds much 

more s low ly  in  th e  walnut than in  the ap p le. New t is s u e  in  th e  

walnut i s  capable o f changing d ir e c t io n  to  meet changed co n d itio n s  

o f sap flo w .

6. Study o f c io n  wood from the standpoint o f gross  

anatomy in d ic a te s :  (a) c io n  wood two and th ree years o ld  gave b e t­

t e r  r e s u lt s  than o ld er  or younger c io n s; in  g en era l, two year wood 

i s  preferred; (b) c ion s having a diam eter between 3 /8  and 5 /8  in ch , 

in c lu s iv e ,  g ive  b e t te r  r e s u lt s  than those e ith e r  la rg er  or sm aller; 

(c) the percentage o f  c io n s  forming c a l lu s  i s  independent o f the  

s iz e  of th e  p ith ;  (d) the per cent o f  c io n s forming c a llu s  in c re a se s  

with the t o t a l  width o f the vascu lar t i s s u e  (xylem and phloem) from 

2 mm. to  5 .6  mm.

7. G rafts were exposed to  atmospheres having r e la t iv e  

h u m id ities o f  0 , 25$, 50$, 65$, 75$ and sa tu rated , a t  c o n tr o lle d  

temperature o f  28° C. R e la tiv e  h u m id ities o f  75$ or grea ter  seem 

to  g ive s a t is fa c to r y  r e s u lt s .

8 . G rafts were made by the whip method and exposed to  

tem peratures o f 0 ° , 1 5 ° , 20°, 22°, 24°, 25°, 26°, 28°, 29°, 3 0 ° , 35° 

and 40° 0 . A la rg er  per cent o f  g r a f ts  exposed to  tem peratures be­
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tween 35° and 30° C. formed c a l lu s  than a t tem peratures e ith e r  

high er or lower* The optimum temperature seems to  be in  th e n eigh ­

borhood o f 28° C or 82° F .
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, F ig . 3 - Gross se c tio n  o f a patch bud on walnut s e t  by the Kraus 
method. Bud f a i le d  to  grow because union was not e s ta b lish e d  
d ir e c t ly  under growing p o in t. This may happen in  any type o f  
budding.



F ig . 4 - Patch bud se t  by Kraus method which grew in  s p ite  
of delay o f union d ir e c t ly  under bud.



Gross s e c tio n  of a patch hud se t  June 12 and sec tio n ed  
l, 1928. Bud had made growth o f about one in ch .



F ig . 6 -  Cross se c tio n  o f a patch bud in  which the bark 
united  but the bud f a i le d  to  grow.



'F ig . 7- Cross se c tio n  o f  a whip g r a ft  o f w alnut. Most 
o f old  xylem in  both c io n  and stock  i s  dead. The v e s s e ls  
are la rg e  and not plugged. O ver-w alling on l e f t  and in  
cen ter . D isp a r ity  in  s iz e  o f c ion  and stock .
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F ig . 8 -  Cross se c tio n  o f whip g ra ft o f  w alnut. There 
i s  very l i t t l e  c a l lu s  t is s u e  on cion  and the regenera­
t io n  in  th e tongue o f  the stock  was very weak u n t i l  
union became e s ta b lish e d .



F ig . 9 -  Longitudinal se c tio n  o f amputation wound on 
pear showing sm all amount o f dead t is s u e  and com plete 
n ess o f the p lugging o f c e l l s  ju s t  under the wound.



F ig . 10- Gross se c tio n  o f wound on apple ipade by r e ­
moving the bark and scraping the surface o f the wood. 
There i s  a small amount o f dead t is s u e  and very thorough  
plugging o f v e s s e ls ,  but very l i t t l e  wound gum near the 
su r fa ce , which died q u ick ly .



F ig . 11* L ongitud inal se c tio n  o f an amputation wound 
on the w alnut. The dead t is s u e  extends in  cone shape 
fo r  con sid erab le d is ta n c e . The p ith  and wood immedi­
a te ly  surrounding i t  were dead fo r  a space o f about 
three inches below the wound. Wound made June 6 , 1928 
sec tio n  cut August 9 , 1928.



F ig , 12- Cross se c tio n  o f wound made by hoe in  c u lt iv a t io n .  Dead 
area extends to  the p ith  over an area g rea ter  than th e width o f  
the surface wound. Very few v e s s e ls  are plugged. Ray and tra ch e id  
c e l l s  a t the l im it s  o f the dead area are p lugged.



F ig . 13* High m agn ifica tion  o f the margin o f the dead area  
o f wound shown in  F ig . 11 . Xylem rays and tra ch e id s  plugged
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F ig . 14- High m a g n ifica tio n  o f sec tio n  shown in  F ig . 12 
showing ty lo s e s  in  a few7 v e s s e l s .  T y loses are found in  as 
many v e s s e ls  o f the wood formed a f te r  the wound as in  the  
old er wood.



F ig . 15- Cross se c tio n  o f stem below an amputation wound 
made June 6, 1928, and section ed  August 1 , showing la rg e  
amount of dead t is s u e .



F ig . 16- Cross s e c tio n  o f apple wound showing h e a lin g  
by regen eration  in  middle o f wound and w a llin g  over at 
s id e s .



Fig,. 17- Cross s e c tio n  o f walnut wound showing h ea lin g  by regen­
era tio n  in  cen ter  and w a llin g  over on both s id e s .
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F ig . 20- The two g r a fts  at l e f t  were exposed to  temperature o f 27° 
G. and the two at r ig h t were exposed to  30° C. fo r  two w eeks. Both 
l© ts 7/ere grown in  greenhouse bench fo r  two weeks lo n g er  and then  
photographed* Those exposed to the h igher temperature had more 
fo lia g e  of a darker green color*
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F ig , 21- Influence o f temperature on c a llu s  form ation, 
p lo tte d  from data o f Table 20,


