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Abstract:
No significant difference appears to exist between Juniperus sobpu-lorum and Juniperus Virginiana as
understocks for J. chinesis pfitzeriana, J. hOrizqntalis lividus, J. sabina tamariscifolia, or J. scopulorum
Mon-tana. No, 1. Successful unions were established for all grafts in which the bark of the scion and
stock was close enough to permit the establishment of a callus bridge. Two somewhat different
developmental sequences occur, depending upon the distance separating scion from stock, Tfflien scion
and stock are relatively near one another' the sequence involves (l) the formation of a callus bridge
followed by (2) the development of a cambial bridge, and (3) the subsequent production of new
secondary xylem and secondary phloem. When scion and stock are relatively far apart a union of the
vascular tissues of scion and stock precedes cambial activity through the differentiation of some callus
tissue into tracheids and sieve cells on either side of the newly formed cambium. Parenchyma cells of
the cortex, phloem, and xylem, including the phloem and xylem rays, contributed to callus formation;
the cambium contributed little, if at all. 
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ABSTRACT

Ho s ig n i f ic a n t  d if fe r e n c e  appears to  e x i s t  between Ju n ip eru s"sobpu- 
lorum and Juniperus V irg in ia n a as understocks ' fo r  Je ch ines i s  p 'fitz  eria'na, 
J6 h O rizq n ta lis  I i v id u s , J 6 sabina ta m a r is c i fd l ia ,  or J6 scopulorum Mon-"" 
ta n a '. Ho6 I 6 S u c c e ss fu l unions were e s ta b lish e d  fo r  a l T "grafts in  which  
th e  bark o f th e  sc io n  and s to c k  was c lo s e  enough to  "permit th e  e s ta b lis h ­
ment  ̂o f a c a l lu s  b r id g e . Two somewhat d if f e r e n t  developm ental sequences 
occur, depending upon th e  d ista n ce  sep a ra tin g  sc io n  from s to c k , Tfflien 
sc io n  and s to ck  are  r e la t iv e ly  near one an oth er 'th e  sequence in v o lv es
( l )  th e  form ation  o f  a c a l lu s  b ridge fo llo w ed  by (2 ) th e  development o f  
a cambial b r id g e , and (3 )  th e  subsequent production  o f  new secondary  
xylem and secondary phloem* Tfflien sc io n  and s to c k  are r e la t iv e ly  far  
apart a union o f th e  v a scu la r  t i s s u e s  o f  sc io n  and s to ck  precedes cambial 
a c t iv i t y  through th e d if f e r e n t ia t io n  o f  some c a llu s  t i s s u e  in to  tra ch eid s  
and s ie v e  c e l l s  on e i th e r  s id e  o f  th e  new ly formed cambium. Parenchyma 
c e l l s  o f  th e  c o r te x , phloem, and xylem , in c lu d in g  the phloem and xylem  
rays, con trib u ted  to  c a l lu s  fo m a tio n ?  th e  cambium con trib u ted  l i t t l e ,  
i f  a t a l l .



INTRODUCTION

Junipers are propagated Uy se e d s , la y e r s , c u t t in g s , and g r a f t s „ 

S p ecies th a t  root w ith  d i f f i c u l t y  or do not grow tru e  to  parent type from 

seed  are propagated by g r a f t in g . G rafting  is  a ls o  used when a sa la b le  

p la n t i s  d es ired  more q u ick ly , At p r esen t, two understocks are commonly 

used in  ju n ip er  g r a f t in g , Juniperus vj.rgihiq.na- and Juniperus c h in e n s is . 

Juniperus soopulorum i s  n a t iv e  to  th e  "Rocky Mountain area and o ffe r s  more 

hard iness and drought r e s is ta n c e  than _J, v ir g in ia n a  or_J, c h in e n s is , The 

aim o f t h is  in v e s t ig a t io n  was to  determ ine whether J* scopulorum compares 

favorab ly  w ith  J , v ir g in ia n a  as an understock  in  th e commercial propaga­

t io n  o f  ju n ip e r s .

LITERATURE REVIEW

G rafting o f  p lans i s  a very a n c ie n t a r t ,  d a tin g  back to  1560 B, C,

(3b)» There are many methods o f  gra fta g e  ( I ,  17, 19, 27} and•many uses 

and reasons fo r  g r a ft in g  (3b)« G rafts have been s u c c e s s fu l on a lg a e , 

m osses, low er v a scu la r  p la n ts  ( S e la g in e l la ) , herbaceous monocots and 

d ic o t s ,  and woody gymnosp'erms- and angiosperms ( 3b)« Many in t e r - s p e c i f ic  

and in te r -g e n e r ic  g r a fts  have been s u c c e s s fu l  but s u c c e s s fu l g ra fts  between  

fa m il ie s  are q u ite  rare ( 3b) »

G rafting  o f ju n ip ers has been done fo r  many y e a r s , M allinson (28) in  

1926 d escr ib ed  th e  g r a ft in g  procedure fo r  jun ipers and mentioned J. v i r g i ­

niana as the u n derstock . S ince then J , oh inensi s , J , e z o e ls a  s t r i c t a , _J» 

communis h ib e m ic a , J , h o r iz o n ta lis  plumosa , and Thuja o r ie n ta l is  have been  

noted in  th e  l i t e r a tu r e  (5 , 6 , 7 , 15, 2 l)  as understocks in  ju n ip er propaga­

t io n ,  At p resen t J , v ir g in ia n a  and ch in en s is  are most h ig h ly  recommended 

( 19, 21, 22, 27, 39, Uo) as u n d erstock s.
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Although g r a ft in g  i s  a very a n c ien t a r t ,  anatom ical s tu d ie s  o f  g r a ft  

union development date back m erely to  th e  m id -e igh teen th  century (1 2 ) .

S ince th en , in t e r e s t  in  g r a ft in g  has proceeded along two l in e s ;  (a) 

ap p lied  u sa g e s - in  a g r ic u ltu r e  and (b) anatom ical and p h y s io lo g ic a l s tu d ie s ,  

w ith  n e ith e r  area co n tr ib u tin g  s ig n i f ic a n t ly  to  an understanding o f  a l l  

fa c to r s  in vo lv ed  in  th e  union o f  s to c k  and scion#

The ch ro n o lo g ica l sequence o f  o n to g e n e t ic . phases in  th e  estab lish m en t 

o f th e  g ra ft union has been summarized by Hartmann and K ester (19) a s;

"(a) estab lish m en t o f  in tim a te  con tact o f a con sid erab le  amount o f the  

cam bial reg ion  o f  both s to ck  and sc io n  under favorab le  environm ental con­

d i t io n s ,  (b) production  and in te r lo c k in g  o f  parenchyma c e l l s  ( c a llu s  t i s s u e )  

o f both s to c k  and s c io n , (c )  production  o f  new cambium across the c a llu s  

'b r id g e 1', and (d) form ation o f new xylem and phloem from th e  new v a scu la r  

cambium in  th e  c a llu s  b r id g e " .^

A s l i g h t l y  d if f e r e n t  developm ental sequence has been reported  as 

occurring  in  F ico tia n a  (1 0 ) .  Here s ie v e  elem ents and xylem elem ents d i f ­

f e r e n t ia te  w ith in  th e  c a l lu s  b ridge concom itantly  w ith  th e  development o f  

cam bial t i s s u e ,  thus g iv in g  r is e  to  a union o f  th e  younger v ascu lar  t i s s u e s  

o f s c io n  and s to c k  p r io r  to  cambial a c t i v i t y .  Sass (35) suggested  th a t  a 

s im ila r  p rocess occurs in  apple when poor matching r e s u lt s  in  e x c e ss iv e  

c a llu s  form ation .

Frequent statem ents are made in  th e o r e t ic a l  and p r a c t ic a l  g r a ftin g  

l i t e r a t u r e  th a t on ly  th e  cambium p o sse sse s  p r o l i f e r a t iv e  c a p a c i t ie s .  Fames

^Hartmann, H. T„, and D. E. K ester . 1959» P lant "propagation, p r in c i­
p le s  and p r a c t ic e s . P r e n tic e -H a ll, Inc# Englewood C l i f f s ,  F, J. Pp. 273-
275»

TL
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and MaoDaniels (13) s t a t e  „ e budding and g r a ft in g  have as th e ir  b a s is  

th e  a b i l i t y  of th e  cambium o f both  s to c k  and sc io n  to  develop  c a l lu s ,  ,

This i s  contrary to  the evidence forwarded by a m ajority  o f in v e s t ig a to r s  

(3 ,  b, 2i|, 31» 35» 36) in d ic a t in g  th a t  th e  cambium o fte n  p lays a subordinate  

r o le  or i s  n ot th e  on ly  t i s s u e  region  in volved  in  c a llu s  i n i t i a t io n .  Paren­

chyma c e l l s  o f  th e  co r te x  ( 10, Elf., 37)» phloem (bs 2^» 26» I).I, 36, 10) phloem  

rays (I+, 2l|.» 31» 36)» m edullary rays (18» 3&)» xylem ( 10» 36)» immature 

.xylem rays (l+, 36» 37)» xylem rays (J4) , and p ith  ( 2l+» 37» 10) ,  have been men­

tio n ed  as co n tr ib u to rs  t o  c a llu s  t i s s u e ,  At le a s t  one in v e s t ig a to r  s ta te d  

th a t  th e  cambium con trib u ted  very l i t t l e  to  c a llu s  in i t i a t io n  (35)»  I t  i s  

obvious th a t con troversy  e x i s t s  With regard to  the r e la t iv e  r o le s  played by 

th e  cambium and o th er t i s s u e s  in  c a l lu s  fo n r a tio n ,

Some disagreem ent appears to  e x is t  a l s o ,  as to  th e  r e la t iv e  ro le s  

played by th e  s c io n  and stodk in  th e form ation o f c a llu s  t i s s u e ,  K osto ff  

( 23) reported  th a t in  th e  Solanaceae c a l lu s  t i s s u e  jo in in g  th e  sc io n  and 

s to ck  i s  c h ie f ly  th e  product o f th e  s to c k . This statem ent i s  not in  agree­

ment w ith  ob servation s on o th er p lan ts  reported  by th e  m ajority  of w orkers, 

who s ta te d  th a t  co n tr ib u tio n s  from s to c k  and th e  sc io n  are  approxim ately  

eq u a l.

In a d d it io n  to  a co n sid era tio n  o f the sequence o f  even ts in  th e  forma­

t io n  o f  s u c c e s s fu l g r a ft  u n ion s» one must attem pt to  determ ine why c e r ta in  

unions f a i l .  S evera l fa c to r s  have been suggested  in  th e l i t e r a tu r e  as 

b e in g  resp o n sib le  fo r  g r a ft  union f a i lu r e s .  They a r e s wood d is c o n t in u ity

2Eames, A. J,» and L, H„ M acDaniels, 19U7» In tro d u ctio n  t o  p la n t  
anatomy, McGraw-Hill Book C o,, I n c , , Hew ^ork6 Pp, 201,
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( 2, 8 S 32, 38)» xylem d is to r t io n  ( 33) ,  e x c e s s iv e  c a llu s  form ation (8 , 32 ,

33) ,  sea so n a l r e g r a fts  r e s u lt in g  in  e x c e s s iv e  c a llu s  form ation ( o ften  

su b erized ) ( 3) ,  cambium d e s tr u c tio n  ( 20) ,  bark in te r r u p tio n  ( 20) ,  phloem 

d is c o n t in u ity  ( 3) ,  and uneven s ta r c h  b alan ce (8 , 20, 25, 30, 33)»

MATERIALS AHD METHODS

This in v e s t ig a t io n  was conducted a t  Montana S ta te  C ollege from Novem­

b er 1958 to  November 1959®

The p la n t m a ter ia ls  used were _Je scopulorum ( Common 1Rocky Mountain 

ju n ip er) and Je v ir g in ia n a  (E astern  Red Cedar) as u n d erstock s, and Je 

ch in en sis  p f itz e r ia n a  ( P f i t z e r  ju n ip e r ) , Je h o r iz o n ta lis  I i vidus ( Lividus 

ju n ip e f ) ,  Je sabina ta m a r is c i fo l ia  (S av in  ju n ip er , "Tam" v a r ie ty ) , and _Je 

scopulorum , Montana No* I (Montana Noe I jun iper*) as s c Ionwoode

Juniperus scopulorum understocks were obtained from th e F orest Nprsery  

o f Montana S ta te  U n iv e r s ity  a t  M issou la , Montana * These understocks aver­

aged 3 /1 6  inch  in  diam eter a t  th e  base and f iv e  inches in  height* Juniperus 

v ir g in ia n a  understocks were obtained  from th e  P lum field  N urseries a t  Fremont, 

Nebraska, These understocks averaged l /k  in ch  in  diam eter at the base and 

e ig h t in ch es - in  heigh t*  The _£* Scopulorum understocks were 2-1  (2  year o ld , 

once tran sp la n ted ) s e e d lin g s , th e  U0 v ir g in ia n a  non -tran sp lan ted  2 -year  old  

seed lin g s*  The sc io n s  were obtained  from p la n ts  growing on th e  Montana 

S ta te  C ollege campus and in  th e  Bozeman a rea . The _J, ch in en sis  p f itz e r ia n a  

sc io n s  averaged 11 inches in  len g th , th e  o th er  th ree  v a r ie t ie s  s ix  inches

* S p ec ia l c lo n a l s e c t io n  having u p righ t form and b lu e  c o lo r  made and 
propogated by P lum field  N u rser ies , Fremont, Nebraska*



in  length#' A ll  th e  sc io n s  were o f th e  current yearns growth. The sc io n s  

were cut two days p r io r  to  g r a ft in g  ( e a r ly  January, 1959) and kept r e f r ig e r ­

ated  fo r  t h i s  p eriod  under co n d itio n s  o f  h igh  r e la t iv e  hum idity,

' The same s o i l  was used throughout th e in v e s t ig a t io n ,  A m ixture o f  5 

parts loam to p  s o i l ,  I part sand, and I part manure was u sed .

Four hundred jJ„ scopulorum se e d lin g s  were potted  on 21 November, 1958 

in  Ip-inch p la s t i c  p o ts , The p la n ts  were stored  in  a co o l greenhouse (m in i­

mum tem perature o f  55° F) u n t i l  th ey  were grafted  in  January 1959« Four 

hundred and f i f t y  v ir g in ia n a  se e d lin g s  were p otted  on 18 December, 1958 

in  !+-inch p la s t i c  pots and handled as th e  other s e e d lin g s .  Roots o f  th e  

J0 v ir g in ia n a  se e d lin g s  were trimmed b efo re  p o tt in g . Those o f  th e  _J, 

scopulorum se e d lin g s  were n ot trimmed because t h e ir  root system s were not

so  la rg e  as th o se  o f  th e  _J, v ir g in ia n a  s e e d lin g s .

On 10 January, 1959 th e  understocks were sorted  to  ach ieve an "even" 

understock* One hundred and fo r ty  J» scopulorum and f i f t y  J , v ir g in ia n a  

se e d lin g s  were d iscarded  because o f  low v i t a l i t y  and crooked stem s.

The s id e  g r a ft  was used throughout t h is  in v e s t ig a t io n .  An oblique  

in c i s io n  Ig- in ch es long and p en etra tin g  1 /3  o f th e  d iam eter o f  th e  stem  

was made on th e  low er two inches o f  th e  understock . In to  t h is  in c is io n  was 

in se r te d  th e  low er end o f th e  sc io n  th a t  had been cu t to  form a wedge Ig- 

in ch es lon g . The sc io n  was p laced as fa r  as p o s s ib le  in to  th e understock . 

Care was taken  to  l in e  up as c lo s e ly  as p o ss ib le  the cam bial regions o f  

sc io n  and s to c k . The g r a ft  was then  bound se c u r e ly  w ith  rubber budding 

s t r ip s .  The tim e o f  g r a f t in g  and th e  numbers o f each g r a ft  combination  

are l i s t e d  in  Table I ,
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Table I  -  Graft com binations and tim e o f  g r a f t in g .

Graft com binations Number Date
Scion Stock made made

P f i t z e r J , v ir g in ia n a 100 12 Jan 59
P f i t z e r J , scopulorum '80 15" Jan 59
Lividus J , v ir g in ia n a 100 16 Jan 59
L ividus J , scopulorum 60 16 Jah 59
Montana No, I J , V irg in ia n s 100 18 Jah 59
Montana No, I J, scopulorum 60 18 Jan 59
Savin J , V irg in ia n s 100 23 Jan 59
Savin J, scopulorum 60 2l|. Jan 59

On th e  same day th e  g r a fts  were made, th e  p lan ts were p laced under

in te r m itte n t  m ist in  a greenhouse a t  a minimum tem perature o f 65° F6 The

autom atic m ist system  was o f  an llIn=Bed" typ e w ith  Type A-6 "Humido-m ist"

n o zz les  ( s e l f - c l e a n in g ) .  The m ist was c o n tr o lle d  by an " e le c tr o n ic  le a f" .

The J , ch in en s is  p f itz e r ia n a  g ra fts  were kept under' th e  m ist a t  65° F 0 fo r

ten  days, th e  o th er g r a fts  fo r  fou rteen  d ays. A fter  t h i s  treatm ent th e

g ra fts  were p laced  in  a d if f e r e n t  greenhouse a t 55° F, At t h is  tim e m oist

sphagnum moss was packed around each g r a ft  t o  prevent th e  g ra fts  from

drying o u t. On 26 February, Ô.: J,. h o r iz 'o n ta lis  l lv id u s  g ra fts  on1 J,
■ .

v ir g in !a n a  were moved back to  th e  65°" F, house and fo rce d . A lso moved 

back to  th e  65° F , house w ere_ fiv e  each o f  th e  other g r a ft  com binations. 

A ll o f  th e  above sc io n s  were a l iv e  and q u ite  green. On 15 February, one- 

h a lf  o f th e  to p  o f the understock  was removed on a l l  th e  p la n ts .  The 

rem aining h a lf  was removed on 25 March, On 2? Ju ly , th e  growing g ra fts  

were counted and th e  p la n ts  s e t  out in  n ursery  fram es. An a n a ly s is  o f  

varian ce t e s t  was conducted to  determ ine any s ig n i f ic a n t  d iffe r e n c e s  be­

tween th e  two u n d erstock s.
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The c o l le c t io n  o f  m a ter ia l fo r  an anatom ical study o f th e  g ra ft unions 

was begun on 26 February 1959, At t h is  tim e, one g ra ft o f each s to c k -sc io n  

com bination was removed and p laced  in  Craf I I I  so lu t io n  ( 2 3 ) e An a d d it io n a l  

jJ, h o r iz o n ta l! s I i v idus on v i rg in iana  g r a ft  was p laced  in  FAA s o lu t io n  

(23)»  T hereafter two J e h o r iz o n ta l is  l iv id u s  on _Je v ir g in ia n a  g r a fts  were 

f ix e d  ( one in  Craf I I I  and one in  FAA) a't w eekly in te r v a ls  u n t i l  21 May,

One" each of the seven  o th er com binations were f ix e d  in  Craf I I I  a t monthly 

in t e r v a l s .  A fter  t h i s  trea tm en t, a l l  samples were so ften ed  in  a m ixture
1

o f  one part fuming h y d ro flu o r ic  ac id  and one part p ercen t e th y l a lc o h o l  

fo r  one week. They were th en  dehydrated and embedded in  c e l lo id in  (2 3 ) ,

L ongitud inal and tra n sv erse  s e c t io n s  were cut a t  15 microns w ith  

a s l id in g  m icrotom e. They were then s ta in e d  w ith  ani I in  b lu e  and io d in e -  

p ota ssiu m -io d id e  and mounted in  g ly c e r in e ,

EESULTS

G rafting S u ccess ,

The a n a ly s is  o f  variance ( Table IIB ) in d ic a te s  th a t  no s ig n i f ic a n t  

d if fe r e n c e  e x is te d  between th e  two u n d erstock s, J , soopulorum and J , v ir g i ­

n ian a , Because o f  th e  slow  growth o f  ju n ip ers , t o t a l  l in e a r  growth o f  th e  

d if f e r e n t  s to c k -sc io n  com binations was not measured. The grafted  p la n ts  

were separated  in to  two groups $ dead and su rv iv in g  (s u r v iv in g  being  d efin ed  

as th o se  p la n ts  showing v i s ib l e  s ig n s  o f  grow th),

A ta b u la t io n  o f  su r v iv a l percentages i s  presented  in  Table IIA, The

Savin  on J , soopulorum ex h ib ite d  68 percent s u r v iv a l w h ile  Savin on J , 

v i rg in ian a  r e su lte d  in  Lf.3 percent s u r v iv a l,  L ividus on J , v i  rg in iana and 

J, soopulorum was approxim ately equal w ith  52 and J4.3 p ercen t, r e s p e c t iv e ly .
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Table IIA -  Percentage o f  growing s to c k -sc io n  com binations on
. . .  . . 27 July ,. .195%...................................... : .................................

Graft com binations Percent
Scion Stock Surviving

Lividus J . scopulorum k3
L ividus J . virginiana" ■52
Savin J. scopulorum' 68
Savin J. v ir g in ia n a h3
P f i t z e r J e  scopulorum 0
P f i t z e r J . v ir g in ia n a I
Montana Ho. I J . scopulorum 21
Montana ho. I J e  v ir g in ia n a 15

Table IIB -  A n a ly sis  o f variance fo r  data in  Table IIA .

D.F. S .S . M.S. F. *
C alc. Tab, '

Treatment I ' 75 .53 75.35 .106 5.99
- 15 .75

Error 6 I1.259. l 6 709.86

T otal 7 Ii332i.li9

*F va lu e i s  not s ig n i f ic a n t .

There was l i t t l e  d if fe r e n c e  in  growth among the s e v e r a l g ra ft combina­

t io n s  (P la te  l ) . I t  was noted th a t  some g r a fts  which appeared to  have 

healed  and formed c a llu s  t i s s u e  remained green and a l iv e  fo r  some tim e but 

e v e n tu a lly  d ied .

Montana No. I  u n ited  alm ost tw ice  as w e ll  w ith  J . scopulorum than w ith  

J . V irg in ia n a y a lthough b oth  p ercentages were q u ite  low ( Table IIA )« P f i t z e r  

did very  p oorly  on both  u n d erstock s„
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General D escr ip tio n  o f  th e  Stem,

The com plete 'stem (b oth  J6 scopulorum and _J, v ir g in ia n a ) c o n s is ts  o f  

periderm , co r te x , o b lite r a te d  primary phloem, se v e r a l increm ents o f secon ­

dary phloem, th e oambial reg io n , s e v e r a l increm ents o f secondary xylem  

and p ith .

The cortex  i s  composed e n t ir e ly  o f  s ta r c h -  and/or r e s in -c o n ta in in g  

parenchyma c e l l s  and p o sse sse s  numerous in te r c e l lu la r  sp a ces .

The elem ents in  th e  v e r t i c a l  system  o f th e  secondary phloem are 

arranged ta n g e n t ia l ly  and a lte r n a te  w ith  one another in  the sequenceJ 

s ie v e  c e l l s ,  parenchyma c e l l s ,  s ie v e  c e l l s ,  parenchyma c e l l s ,  parenchyma 

c e l l s ,  f ib e r s ,  e t c ,  (P la te  I I ,  A ), The parenchyma c e l l s  o f  th e  parenchyma 

strands and o f th e  rays con ta in  s ta rch  and/or “res in o u s” m a ter ia l ( 9 )» 

T a n g en tia lly  e longated  resin , canals surrounded by e p i t h e l ia l  c e l l s  are 

found in  th e n o n -fu n c tio n a l phloem.

The v e r t i c a l  system  o f th e  secondary xylem c o n s is ts  o f tra ch e id s  and 

gum -containing parenchyma c e l l s .  The xylem rays (h o r iz o n ta l system) are 

made up e x c lu s iv e ly  o f s ta r c h -  and/or r e s in -c o n ta in in g  parenchyma c e l l s .  

A ll parenchyma c e l l s  ( o f  co r tex , p h lo em ,'xylem, and p ith ) p ossess  

primary w a lls .

The S u c c e ss fu l G rafts ,

Twenty-four o f  fo r ty -tw o  g r a fts  stu d ied  an atom ica lly  ex h ib ite d  su c­

c e s s fu l  u n io n s , In each o f  th e  tw en ty -fo u r  s u c c e s s fu l g r a fts  th e  sc io n  

had been in se r te d  in to  th e  s to ck  in  such a manner th a t  th e bark o f the  

sc io n  e i th e r  came in to  co n ta c t w ith  th a t  o f  th e  s to ck  or n e a r ly  so* A ll



parenchyma c e l l s  o f  th e  stem seem to  be eq u a lly  capable o f p r o li f e r a t io n  

and form ation o f  c a llu s  t i s s u e ,  w ith  th e  p o s s ib le  ex cep tio n  o f th o se  in  

th e p ith *  Eo n o ta b le  d if fe r e n c e s  appear t o  e x is t  in  th e  behavior o f  th e  

various com binations o f  sc id n  and s to c k , nor in  th e ir  s ta r c h  con ten t.

The sequence o f  events in  th e  union o f  sc io n  and s to c k  was s im p lest  

in  th o se  g r a fts  w ith  a more accurate alignm ent o f  t i s s u e s  o f sc io n  and 

s to ck , th a t  i s ,  w ith  ou ter  bark ad jacen t to  ou ter  bark, in n er  bark adja­

cent to  in n er  bark, e t c ,  (P la te  I I I ,  A ), The o n to g en etic  sequence in c lu d es  

( l )  th e  p r o li f e r a t io n  o f  parenchyma o f th e  co rtex  (b oth  phloem and ray par­

enchyma) o f  th e  bark fo llow ed  by (2 ) th e  development o f  a cambium (P la te  

I I I ,  A, a t  c) in  th e  new ly formed t i s s u e  r e s u lt in g  in  th e  union of the  

cambia o f sc io n  and s to c k , and (3 ) th e  subsequent production  o f new 

secondary phloem and secondary xylem .

The sequence o f events in  the g r a fts  th a t p o ssessed  a le s s  accurate . 

alignm ent o f  t i s s u e s  o f  s c io n  and bark ( e , g , , w ith  ou ter  bark o f the  

sc io n  ad jacen t to  in n er  bark o f  the s to ck  and inner la r k  o f  th e  sc io n  

adjacent to  secondary xylem  o f the s to ck ) i s  s im ila r  to  th a t  mentioned 

above* In th e  second type g r a ft , however, th e  parenchyma (b o th  xylem and 

ray parenchyma) o f th e  secondary xylem (P la te  I I I ,  B) o f  th e  s to c k , in  

a d d itio n  to  th e  parenchyma o f th e  bark o f  both  sc io n  and s to c k , p r o l i f e r a te  

and co n tr ib u te  to  th e  form ation o f  the c a llu s  t i s s u e  in  w hich a cambial 

b rid ge  e v e n tu a lly  d if f e r e n t ia te s *  This type union o f s c io n  and stock  r e s u lt s  

in  th e  form ation o f  a U-shaped cambial union (P la te  I I I ,  C a t  c ) *

I f  sc io n  and sto ck  are in  a c tu a l co n tact w ith  one another or n ea r ly  

so , a cam tia l union i s  ach ieved  w ith  a r e la t iv e ly  sh o r t period  o f  t im e .



a l l  new v a scu la r  elem ents ( s ie v e  c e l l s  and tr a c h e id s )  r e s u lt  from cambial
'

a c t iv i t y  and thus have t h e ir  long axes or ien ted  v e r t i c a l l y .  I f  on th e  

oth er  hand sc io n  and s to c k  are r e la t iv e ly  fa r  apart and thus require a 

r e la t iv e ly  la rg e  c a llu s  b r id g e , tr a c h e id s  and sieve- c e l l s  w ith  t h e ir  long  

axes o r ien ted  h o r iz o n ta l ly  may d if f e r e n t ia t e  on e i th e r  s id e  o f  and p r io r  

to  a c t iv i t y  o f  th e  newly formed cam bial b rid ge (P la te  IV, C), Under such  

circum stances a union o f  th e  xylem and phloem of th e sc io n  and th e  sto ck  

precedes cam bial a c t iv i t y  w ith in  th e  cam bial b r id g e .

In most o f  th e  s u c c e s s fu l g r a fts  th e  bark o f on ly  one s id e  o f th e  

sc io n  was a lig n ed  w ith  th a t o f  the s to ck . This i s  due to  th e fa c t  th a t  

most o f th e  sc io n s  are sm aller  than th e area o f th e  s to c k  in  which they  

were in s e r te d ,  As a r e s u lt ,  not on ly  i s  th ere  a space betw een both s id e s  

o f th e  sc io n  and th e  s to ck , but a lso  between the two h a lves  o f the s to ck  

not separated  by th e  sc io n  ( P la te  IV, A), I f  th e  d is ta n ce  between sc io n  

and stock" is  not very g rea t, th e se  areas become occupied by ca llu s  t i s s u e  

th a t remains parenchymatous. I f ,  on th e  o th er  hand, a r e la t iv e ly  la rg e  

gap e x i s t s  between sc io n  and s to c k , th e  c a l lu s  t i s s u e  b r id g in g  th e se  areas  

may g ive  r i s e  to  a cambium th a t  runs p a r a l le l  to  th e sc io n  and another th a t  

runs p a r a l le l  to  th e  s to ck  (P la te  IV, B )„ The cambium ly in g  adjacent to  th e  

sc io n  ev e n tu a lly  u n ite s  w ith  th e cambia a t e ith e r  end o f th e  sc io n , and th e  

cambium ly in g  ad jacen t to  the s to ck  w ith  th e  p r e -e x is t in g  cambium of th e  

s to c k . I f  th e  d is ta n c e s  are r e la t iv e ly  great between both  halves o f  th e  

s to ck  and'th e  s c io n , a com plete r in g  o f  cambium may develop  around th e  

sc io n  and around each h a lf  o f th e  s to c k , _ These cambia subsequently  g ive  

r i s e  to  secondary xylem  and secondary phloem. Very commonly groups o f

- 15-



more or le s s  o b liq u e ly  or ien ted  tra ch e id s  d i f f e r e n t ia t e  from th e c a llu s  

t i s s u e  th a t  b rid ges th e  sc io n  and s to c k  r e s u lt in g  in  a union  o f th e  xylem  

o f th e  two p arts o f th e  g r a ft  (P la te  I I ,  B )„

The U n su ccessfu l G rafts»

In seven teen  o f th e 'e ig h te e n  u n su c c e ss fu l g ra fts  stu d ied  a n atom ica lly , 

th e  sc io n  was embedded e n t ir e ly  in  th e secondary xylem o f  th e  s to ck  (P la te  

I V ,' D) $ in  o th er words th ere  was no alignm ent o f  th e  bark o f  the sc io n  w ith  

th a t o f th e  s to c k . C allus t i s s u e  produced b y  both  sc io n  and stock  gave 

r is e  to  e i th e r  sca r  t i s s u e  or a periderm b efo re  a b ridge could be ach ieved  

thereby p reven tin g  th e  union o f th e  sc io n  w ith  the s to c k . The other unsuc­

c e s s f u l  g r a ft  examined an atom ica lly  ( P f i t z e r  on J0 scopulorum) had a n e a r ly  

p e r fe c t  alignm ent o f th e  t is s u e s  o f sc io n  and s to c k , b u t l i t t l e  or no pro­

l i f e r a t io n  o f  parenchyma had occurred ( s e e  comments on P f i t z e r  com binations 

in  D iscu ssio n s and C on c lu sion s),

DISCUSSION MD CONCLUSIONS

As in d ica te d  in  th e  in tro d u ctio n , th e  aim of th is  in v e s t ig a t io n  was 

to  determ ine whether Juniperus scopulorum compares favorab ly  w ith  _£» V ir g i­

n ian  a as an understock  in  th e commercial propagation o f  ju n ip ers , _J, 

v ir g in !a n a  and J , scopulorum are alm ost id e n t ic a l  an a tom ica lly  and both  

have th e  same chromosome number, 2n=22 (1 1 , 2 9 ) , For th e s e  reasons one 

might expect both  sp e c ie s  to  prove eq u a lly  su ita b le  as understocks fo r  

d ip lo id  ju n ip e r s .

The s t a t i s t i c a l  a n a ly s is  o f a l l  data in d ic a te s  th a t  no s ig n if ic a n t  

d iffe r e n c e  e x is t s  between th e  performance o f  J, scopulorum and J, v ir g in ia n a
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as understocks fo r  the m a ter ia ls  studied* O bviously continued ob servation s  

over a lon ger  period  o f  tim e would be d e s ir a b le  to  determ ine w ith  c e r ta in ty  

th e tr u e  va lue o f  th e se  two understocks* During t h is  p eriod  such fa c to r s  

as root form ation , w in ter  in ju ry , h a rd in ess , drought r e s is ta n c e ,  gen era l 

growth h a b its , d is e a s e  r e s is ta n c e ,  and p o s s ib le  dwarfing e f f e c t s  should be 

considered*

I f  one were to  co n sid er  the Montana Wo* I com binations apart from th e  

oth er  s to c k -sc io n  com binations, one might q u estio n  th e va lu e  o f _J* v ir g i -  

n ia n a " as an u n derstock . Montana Ho* I  u n ited  alm ost tw ic e  as w e ll  w ith  

J* soopulorum as w ith  J , v irg in ian a*  A p o s s ib le ,  but perhaps poor explana­

t io n  fo r  th e se  r e s u lt s  might be in  th e  f a c t  th a t Montana No. I  i s  a c tu a lly  

a v a r ie ty  o f  J* soopulorum and th e r e fo r e  might be expected t o  do b e t te r  

w ith  J , soopulorum than w ith  J, v ir g in ia n a . However, in  v iew  of th e  c lo s e  

s i m i l a r i t i e s  in  s tr u c tu r e  and chromosome number o f th e  two understocks 

t h is  hard ly  seems a v a lid  reason fo r  th e  d iffe r e n c e s  observed . The number 

o f  tak es o f both  Montana No. I com binations are low when compared w ith  th o se  

o f  Lividus and Savin and are perhaps to o  low to  be considered  o f  any s ig n i ­

f ic a n c e  in  t h is  in v e s t ig a t io n .  The low percentage ta k es w ith  Montana Ho. I 

as compared w ith  th e  r e la t iv e ly  h igh  percentages o f  L ividus and Savin may 

p o s s ib ly  be a ttr ib u te d  to  th e  d if f e r e n t  growth h a b its  o f  Montana Ho. I .  

Montana No. I i s  u p r ig h t, L ividus and Savin  h o r iz o n ta l.

Any one o f a com bination o f  se v e r a l fa c to r s  may be resp o n sib le  fo r  th e  

ex ce ed in g ly  poor performance o f  th e  P f i t z e r  com binations. In c o m p a tib ility  

may have r e su lte d  from th e d if fe r e n c e  in  chromosome number o f th e  sc io n  

and s to c k  in  th e se  com binations, P f i tg e r  i s  t e t r a p l o i d , ( l l ) ,  whereas J e
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T irg in ia n a  and _£» scopulorum are d ip lo id s  (2 9 ) 0 (Liv id u s . Savin and Montana

No. I are d ip lo id s . )  The f a i lu r e  o f  th e  P f i t z e r  com binations might a ls o  be

a ttr ib u te d  to  th e fa c t  th a t th e  P f i t z e r  sc io n s  were a lm ost tw ice  as large

as th e  sc io n s  o f  th e  o th er com binations. E x cessiv e  tr a n sp ir a tio n  by th e

la rg e  P f i t z e r  sc io n s  may have created  a w ater r e la t io n s  problem. And

f i n a l l y ,  th e  P f i t z e r  combinations' had a four-day sh o r te r  period  under th e

m ist and warm tem perature than did th e  o th er  com binations.
/

In  th e p resen t in v e s t ig a t io n  s u c c e s s fu l unions were e s ta b lish e d  fo r  

a l l  grafts' stu d ied  an atom ica lly  in  which a t  le a s t  a part o f  the bark o f 

th e  sc io n  and s to c k  was in  con tact or n ea r ly  so . In o th er words, as long  

as th e bark o f scion" and s to ck  was c lo s e  enough to  perm it th e  estab lish m en t  

o f a c a llu s  b r id g e , a cam bial union fo llo w ed  and a s u c c e s s fu l union r e s u lte d .  

In a l l  but one o f  th e  u n su c c e ss fu l g r a f t s ,  the bark o f  th e  sc io n  and s to c k  

were so  fa r  apart th a t  th e  c a llu s  t i s s u e  o f  one or both  h a lves  of the g r a ft  

had produced e ith e r  sc a r  t i s s u e  or a periderm b efore  a union could be accom­

p lis h e d .

HVhen sc io n  and s to c k  are r e la t iv e ly  near one another, th e  sequence o f  

events in  th e  g r a ft  union c o n s is ts  o f ( l )  th e  form ation o f  a c a llu s  b ridge  

(w ith  equal co n tr ib u tio n s  by sc io n  and sto ck ) -followed by ( 2) the develop ­

ment o f  a cambial b r id g e , and ( 3) th e  subsequent production  o f  new secondary  

xylem  and secondary phloem. The developm ental sequence d i f f e r s  somewhat, 

however, in  th o se  g ra fts  in  which sc io n  and s to ck  are r e la t iv e ly  fa r  apart 

and th u s , in  which a r e la t iv e ly  large  c a l lu s  bridge i s  req u ired . , Here, 

tra ch e id s  and s ie v e  c e l l s  d i f f e r e n t ia t e  from ca llu s  t i s s u e  on e ith e r  s id e  

o f and p r io r  to  a c t iv i t y  o f  th e  newly formed cambial b r id g e . This p a ttern
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o f  development r e s u lts  in  a union o f  th e  v a scu la r  t i s s u e s  o f sc io n  and s to ck  

p r io r  to  camblal a c t iv i t y  ra th er  than afterw ard , and i s  s im ila r  to  th e  phe­

nomenon reported  by Sass (35) as occurring  in  apple when th ere  i s  e x c e ss iv e  

c a l lu s  form ation .

The len g th  o f tim e required fo r  a com plete union o f  s c io n  and s to ck  

v a r ie s  co n sid erab ly  depending upon th e  d is ta n c e  between sc io n  and s to ck , 

and th e  degree o f  accuracy in  alignm ent o f th e  t i s s u e s  o f  th e  sc io n  and 

s to c k . I t  i s  apparent th a t  a g rea ter  amount o f c a llu s  t i s s u e  w i l l  be n e c e s ­

sary  to  f i l l  in  a la r g e r  space than a sm a ller  one. L ikew ise more tim e w i l l  

be required fo r  oambial form ation in  a w ider b r id g er  o f  c a l lu s  t i s s u e  than  

in  a narrower one. The second fa c to r  i s  c le a r ly  understood i f  one r e c a l ls  

th a t a le s s  accu rate alignm ent o f  t i s s u e s  o f th e  sc io n  and s to c k  r e s u lts  in  

a grea ter  r a d ia l sep a ra tio n  o f th e  cambia o f  sc io n  and s to c k , thus req u ir in g  

th e  form ation o f lon ger  cambial b rid ges than in  th o se  g r a fts  in  which th e  

cambia l i e  ad jacen t to  one an oth er.

I t  i s  apparent from th e  review  o f l i t e r a tu r e  th a t con troversy  e x is t s  

w ith  regard to  th e  r e la t iv e  r o le s  p layed by the cambium and other t is s u e s  

in  c a llu s  form ation , tn  th e  p resen t in v e s t ig a t io n  the' cambium appeared to  

con tr ib u te  l i t t l e ,  i f  a t  a l l ,  to  c a llu s  form ation . The g r a fts  in  th is  

study  were made during w in ter  dormancy, At t h is  tim e o f  year the cambial 

zone o f  th e  ju n ip er  i s  one to  th ree  c e l l s  w ide. During th e  same tim e o f  

year th e  cam bial zones o f  o th er sp e c ie s  may p o ssess  as many as ten  over­

w in ter in g  elem ents (1 6 ) ,  One might lo g i c a l l y  exp ect th e  cam bial zone o f  a 

sp e c ie s  w ith  many overw in tering  elem ents to  p lay  a g rea te r  r o le  in  c a llu s  

form ation than one w ith  on ly  a few . I t  would be in te r e s t in g  to  examine
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ju n ip er  m a ter ia l th a t had been grafted  during th e growing season , th a t i s ,

a t  a tim e when th e  cam bial zone would c o n s is t  o f  more than m erely th e la y e r

o f cam bial i n i t i a l s  and one or two d e r iv a t iv e s .  During a period o f  cambial

a c t iv i t y  one would expect th e  cambial zone to  co n tr ib u te  much more, to  c a llu s

form ation than during th e  dormant p er io d . Under any circum stance, the r o le

p layed  by th e cambium in  c a l lu s  form ation  during the dormant period probably

v a r ie s  from sp e c ie s  to  s p e c ie s ,  in  part a t  l e a s t ,  accord ing t o  th e  number

o f elem ents overw in ter in g  in  th e cam bial zone.

With regard to  th e r e la t iv e  r o le s  p layed by other t i s s u e s  in  c a llu s

form ation, p r a c t ic a l ly  a l l  t i s s u e s  o f  th e  stem have been c i t e d ,  a t  'one tim e

or another, as having con trib u ted  ( s e e  review  o f  l i t e r a t u r e ) .  In the

p resen t in v e s t ig a t io n  i t  was observed th a t  th e  parenchyma c e l l s  of th e  cor=

te x ,  phloem, and xylem, in c lu d in g  th e  phloem and xylem rays., are capable

o f undergoing co n sid erab le  p r o l i f e r a t io n .  Of th e s e , th e  parenchyma c e lls -

o f  th e  xylem  and the xylem  rays are p a r t ic u la r ly  im portant when the t i s s u e s

o f  th e  bark o f sc io n  and s to ck  are  not in  a lignm ent. I t  i s  in te r e s t in g  to

n ote  Ifhat, except fo r  immature elem ents, th e s e  c e l l s  are r a re ly  mentioned 
*

in  th e  l i t e r a t u r e  as th e  precursors o f c a l lu s  t i s s u e .  Very l ik e ly  th e  

reason fo r  t h is  l i e s  in  the fa c t  th a t  in  many sp e c ie s  th e  parenchyma c e l l s  

o f the xylem and xylem  rays p o ssess  secondary w a lls  and a r e , th e r e fo r e , unable  

to  undergo r e v e r s ib le  changes (ill-) . In o th er words, i t  i s  im p ossib le  fo r  

th e se  c e l l s  to  become m eristem a tic , The parenchyma c e l l s  in  the xylem and 

xylem rays o f the ju n ip er  p o ssess  primary w a lls  and thus can become m eri-  

s te m a tic , S in ce th e  p ith  was ra r e ly  in volved  in  th e  unions stu d ied , no 

data was gathered w ith  regard to  i t s  r o le  in  c a llu s  form ation .

6



The l i t t l e  a d d it io n a l eare and tim e required  to  be c e r ta in  o f alignm ent
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o f th e  two barks would g r e a t ly  in cr ea se  th e  e f f ic ie n c y  o f  th e  g r a ft in g .
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- - -  . . . . .PLATEI

Photo graph. .showing com parative growth o f  L ividus on J . soopulorum  
and £» V irg in ia n a tt :

Photograph showing com parative growth o f  Savin on J e soopulorum  
and _Jtt v ir g in ia n a , "" ' :

Photograph showing com parative growth o f  Montana'Hoe. I .Calsoi c a lle d  
Pocky Mountain Hoe .1} on J e soopulorum and Je v ir g in ia n a , ■







P LA. TB I I

Ae Transverse s e c t io n  showing ou ter  p art o f  th e  xylem ( x ) s th e  eam bial 
zone Ce), and th e  in n er  area o f  th e  phloem (above th e  eambial zone) „ 
The parenb.hyma' .op ils  ' o f .- t h e . rays ( r ) "ppfsess pritiiany... w a lls  in  both  
th e  phloemianti..-xyl-ein'e-- The. v e s i c a l '  elem ents,-,in ''the' .phloem are 
f ib e r s  ( f ) ^/,parenchyma pells... (p c )' and 'sieve c e l l s ' , ' ( s c ) e X320e

Be L ongitudinal- seo tio n - shwoing 'o b liq u eIy P riented  tr a c h e id s  ( t )  th a t  
have d if fe r e n t ia te d :  froni' d a llu s  t i s s ne ( ca l)  b r id g in g  sc io n  (sn )  
and s to c k  ( s t ) . e . XSOe ;,

........  '; ' ; , - . •- ■ ■ ■ ,
D e t a i l s ; o, c&mbial zone; c a l ,  c a l lu s  t i s s u e ;  f ,  f ib e r s  pc, parenchyma 

c e l l s ;  r , rays'; s c ,  s ie v e  c e l l s ;  sn , sc io n ; $ t ,  s to ck ; t ,  
t r a c h e id s ; x , xylem* \

' .v-:

■ :■

- ■ ■' •.





I



PLATE I I I

A, ,Transyerse -SBoiiidn' shtiwin'g ou ter  p art o f  the- XyIemi Cx)# th e  oamhial 
• zorie (■ c)y th e /p h lo em '( p h ) , ;an i co r te x  ( o tx )» , The t i s s u e s  o f sc io n
■- and .Stock  are' very a c c u r a te ly  matched ( th e  s to ck  i s  to  th e  -le ft  o f  

ttie  h rq k er i/lin e , the. s c io n  to  th e  r i g h t ) .  XSO.- .=

B. • T ran sverse-section ' showing part o f  th e  s to ck  ( s t )  and sc io n  (sn ) ,v
.iriclriding- c a l lu s  t i s s u e  ( c a l )  produced- between them from p r o li f e r a te  

. -Irig -xylem- parenchyma and xylem ray parenchyma# X80# . ■ •

C, . TrhnsverSe" section  showing a U-shaped oamhial union between s to ck  ''
( s t )  a n d 'sc io n  (sn )#  X80# - -

v; •• " • • . . ■ . " -.
• t . .  ■ • ' ' ' :  f v • 1 - • . ,

D etails.?' - c# cam bial zone5 c a l ,  c a l lu s  t i s s u e ;  o tx , co r te x ; ph, phloem;-'
sn , s c io n ;  s t ,  s to ck ; x , xylem .

' ;y.
:

/'X:
' : .V
•- L i'

; K U ,
•- 1 " . .
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. • ■ . ■ PLATE I Y

A0 ■ T ra n sv erse ' s e c t i o n  -show ing .gap b e tw een  t h e  tw o h a lv e s  o f  th e  s t o c k  
. ( s t )  n o t  se p a r a te d " h y  th e  s c io n  ( s n ) » XSO0

B»,'- T r a n sv e r se " se c tio n ';  sh ow ing' p a r t  o f  s t o c k  ( s t )  and s c io n  . ( s n ) 0 N ote  
t h a t  a cambium ( c )  h as b een  p rod uced  i n  th e  c a l lu s  t i s s u e  l y i n g  '

• a d ja c e n t  t o  b o th  s t o c k  and s c i o n ,  XBO0

C0 T r a n sv e r se  s e c t i o n  sh ow ing  u n io n  b etw een  s t o c k  ( s t )  and s c io n  ( s n )
' i n  w h ich  t r a o h e id s  ( t )  and s i e v e  c e l l s  ( s o )  have d i f f e r e n t i a t e d  from  

c a l l u s  t i s s u e  on e i t h e r  s i d e  o f  t h e  ca m b ia l b r id g e  ( c ) .  - XBO0

D0 . T r a n sv e r se  s e c t i o n  sh o w in g  u n s u c c e s s f u l  g r a f t " r e s u l t in g  from  th e  
/  S o id n r S-. ( s n )  b e in g  embedded i n  t h e  se c o n d a r y  xy lem  o f  t h e  s to c k  ( s t ) ,
' ./•N o te  t h e  perid erm , ( p )  o f  th e  s c i o n , )  'XBO0 

" ' '
D e t a i l s c ,  ca m b ia l zone? p , p er id erm ; s c ,  s i e v e ,  c e l l s ; Sn, s c io n ,  s t ,

' s t o c k ;  t ,  t r a o h e id s ,
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