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Problem of Rooting 

\ I.~I{F,ST GENETICS work, an important method f o r  evalua- I  in^ selected t r ee s  is clonal tes t ing .  Eecause a clone 

~f a number of individuals propagated from the  same 
,e, clonal t e s t i ng  must begin with vegetative prop- 
,2s -& general ru le ,  the  most convenient and prac t i -  

L P  H , ~ Y  to propagate woody pl'ants vegetat ively i s  by stem 
I inaq. IIowever, some species  a r e  d i f f i c u l t  t o  root .  One 

r maple (Acer saccharum Marsh. ) ;  and t h e  
s t r i k e  root  are  d i f f i c u l t  to  br ing through 

,n tree-improvement work i n  sugar maple was s t a r t e d  
:\I I ~ ( I I  i~.>ear"c center a t  Wlrlington, Vermont, i n  1956,l one 
n f  t i ~ c  high-priori ty research jobs  was t o  develop s u i t a b l e  
mr.1 hods for  vegetat ive propagat ion.  Although g r a f t i n g  i s  

sstablished method f o r  such propagation i t  would be 
 able method for  clonal  t e s t i ng  of sugar maple be- 
he possibi l i ty  t ha t  the rootstock might a f f ec t  the  

jr content &f sap i n  the scion. Tnerefore i t  was decided 

wc.1 l - e  

: ra t ive  pro jec t  of the Vermont A g r i c u l t u r a l  Experiment 
I the Northeas tern Fores t  Experiment S ta t ion .  
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t o  l i m i t  t h e  s tudies ,  a t  l e a s t  f o r  the  present ,  t o  propaga 
t ion  by means of cut t ings.  Research on propagation by cut. 
t i ngs  has two d i s t i nc t  phases: (1) how t o  induce cut t ings t, 
root ;  and ( 2 )  how t o  car ry  rooted cu t t ings  over winter i n ,  
hea l thy  condi t ion ,  capable  of  cont inuing  growth the  next 
spring. 

?his paper dea ls  with t e s t s  on the root ing of green. 
wood c u t t i n g s ,  f o r  which some p o s i t i v e  r e s u l t s  can be re. 
ported.  The problem of  how t o  car ry  rooted cu t t i ngs  O V , ~ ~  

winter  remains t o  be solved;  i t  w i l l  be touched upon on], 
very br ie f ly .  

Earlier Studies 
Pas t  work has shown t h a t  t o  root  cu t t ings  taken f r o p ,  

mature t r e e s  of sugar maple i s  a d i f f i c u l t  t ask .  Gardncrl 
(8) was r e l a t i v e l y  succes s fu l  i n  roo t ing  c u t t i n g s  from 8 .  

i 
young seedl ing,  but had complete f a i l u r e  with cu t t ings  f ro r ,  
a  mature t r ee .  Snow (22 )  was able t o  root sugar maple cut- 1 

t i ngs ,  but apparently worked only with juvenile  individuals. 
Afanasiev (1) reported nearly complete f a i l u r e ,  rooting only 

the parent t rees .  

I 
1 of 660 sugar maple cut t ings;  he did not  mention the  age oi 

S tudies  of var iab les  a f f e c t i n g  the  root ing of sugar 
maple c u t t i n g s  by Dunn and Townsend ( 5 ) ,  Enright  (7), and 
Snow (22) contain l i t t l e  information on the influence of t h e  
root ing medium. Patton and Riker (11) found t h a t  buildeG1s 
sand i s  a  more des i r ab l e  roo t ing  medium f o r  e a s t e r n  white 
pine cu t t ings  than various mixtures of sand, peat ,  compost, 
and f e r t i l i z e r .  A mixture of sand and vermiculite was shc:m 
by Mergen (10) t o  be supe r io r  t o  sand as a root ing  medium 
for s lash  pine. Dunn and Eggert (6) believe t ha t  sugar maple 
cu t t ings  root best  i n  sawdust. J a l i l  and Sharpe (9 ) ,  workin:: 
with peach c u t t i n g s ,  found no s i g n i f i c a n t  d i f f e r ences  .in 
rooting among several  mixtures of coarse o r  f i ne  p e r l i t e  
p e a t ,  bu t  coarse  p e r l i t e  a lone  r e s u l t e d  i n  s ign i f i can l  
l e s s  rooting. 

Snow ( 2 2 )  observed tha t  4-inch greenwood cut t ings  
sugar  maple rooted  somewhat b e t t e r  than 6- inch  c u t t i n (  
Dunn and Townsend ( 5 ) ,  though they d id  not  make a s i m i  

4 
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1. ones. 

r111 nnd 1 

i c ,  p-C] 
I .- A. 

l ight:  

6-inch cu t t i ngs  b e t t e r  than longer 

nd (5) and l a t e r  Dunn and Eggert (6) 
,gulators had l i t t l e  o r  no e f f ec t  on 
l e  cut t ings.  Tests of indolbutyric,  

phenoxyacetic,  and napthalene a c e t i c  

~r1ou.s t r a t i ons ,  and Hormodin 3 powder, show- 
s ease i n  root ing fo r  4 of the 16 t r e a t -  

on i n  the  root ing  of sugar maple cu t -  
has been repor ted  by Dunn and Eggert 

a l so  was mentioned i n  e a r l i e r  work by 
. Clonal va r i a t i on  i n  t h e  root ing  of 

ed by Snow (12). Doran (3) and nimann 
e made extensive reviews of the l i t e r a -  
rooting of woody cut t ings .  

rials & Methods 
objec t ives  i n  our study were t o  determine 

L ! I  ong sugar  maple c lones  i n  t he  roo t ing  o f  
(11 compare three  ma te r i a l s  a s  root ing  media. 
111  \ 1 t.15 u oor responses t o  root-promoting chemicals 
I I ! : I L  ]lave reported by Dunn and co-workers, no chemical 
1. I . ~ . : I  t.mcnts included i n  the study. 

experiment discussed i n  t h i s  paper was con- 
; i t  was fol lowed by a r e - t e s t  of c e r t a i n  

For the  1957 experiment, cu t t ings  were col-  
a tu re  maples i n  5 s t a t e s :  34 t r e e s  i n  Ver- 

achusetts, 3 i n  Ohio, 2 i n  New Hampshire, and 
Selection of t r e e s  was based upon sugar pro- 
f  them were phenotypical ly high producers. 
1 number of low and in te rmedia te  producers 

comparative purposes. 

dy plan ca l led  for  216 greenwood cut t ings  from 
t2 --a  t o t a l  o f  9,936 cu t t i ngs  from the 46 

Dri inrl s e e d l i n g  p l a n t  from which c l o n a l  m a t e r i a l  is de- 
b3), 



t rees .  Each cu t t i ng  was t o  be a t  l e a s t  4 inches long. Lat., 
era1 and terminal twigs from a l l  p a r t s  of the t r e e  were ac, 

ceptable. However, because of i n su f f i c i en t  current  growth, 
the f u l l  number of cut t ings was not obtained from some tree! 
(only 42 i n  one in s t ance ) ,  and some cu t t i ngs  a s  shor t  as 
inches were taken. Tota l  number of cu t t i ngs  obtained w,: 
7,822. A l l  c u t t i n g s  were taken during t h e  l a t t e r  pa r t  o j  

June and ea r ly  Ju ly .  Enright (7) has s ince  confirmed that  
sugar maple cu t t ings  gathered during these months root most 
successfully. 

Processing of cu t t ings  general ly followed the  proce. ' 

dure  o u t l i n e d  by Dunn and Townsend ( 5 ) .  The twigs  wepe. 
s t r ipped  of a l l  but two o r  th ree  of the last-formed leavesli 
cut  j u s t  below the node t o  l eng th ,  and then placed i n  tht 
roo t ing  media. Cu t t i ngs  were spaced 2 x 3 inches  i n  t h r :  
media and were covered t o  within %-1 inch of t he i r  tops. " 

'Ihe three rooting media tes ted  were: (1)  sawdust, (z! f 
f i n e  p e r l i t e ,  and ( 3 )  a mixture of equal p a r t s  of sphagnun) 
moss, sand, and peat.  t 

I 

i Well-rotted hardwood sawdust was s e l ec t ed  a s  one o f r  
the media because of the success t ha t  h n n  and Townsend ($1'1 
had with sawdust i n  previous work with sugar maple. Per l i te , .  
the second medium t e s t ed ,  i s  an inorganic granular material1 
of volcanic o r ig in  t h a t  Teuscher3 found t o  be satisfactory 
for  root ing various woody p l an t s .  I t  i s  a l s o  used by somr 
comerc ia l  nurserymen fo r  t h i s  purpose. A mixture of sphap. 1 I 
num moss, p e a t ,  and sand was included a s  an example of a 1  
denser rooting medium. 2 L 

I 
I 

The root ing bed consis ted of wooden f l a t s ,  24 x 18 1 f 
6 inches, placed s ide  by s ide  i n  the  open between two green. 

i 

houses on t h e  Un ive r s i t y  of  Vermont campus ( f i g .  1). :: 
wooden framework covered with 90-percent Saran shade clot)lt 
was constructed over the  f l a t s  t o  reduce in so l a t i on  and t f i  

provide a measure of protect ion from s t r a y  animals. 

The bottoms and lower s i d e s  of the  f l a t s  were perf@.l 
I 

ra ted  and the f l a t s  were e leva ted  about 2 inches above th+ 
ground for drainage purposes. Before f i l l i n g  the f l a t s  w i l l ,  

3~euscher ,  H.,  curator, Montreal Botanical Garden, Parks n' 
partment, Montreal, Canada. Personal communication, 1957. 



J L ~  I . - -?%,  outdoor roo t ing  bed used i n  the  sugar 
!e  experiment. Saran c l o t h  cover ing provided shade. 



Figure 2.--Close view of the roo t ing  bed, showing the 
overhead water ing system. The c u t t i n g s ,  i n  wooden 
f l a t s ,  were watered by an automatic i n t e r m i t t e n t  mist 
system. 

r o o t i n g  medium, a l a y e r  of garden s o i l  1 t o  1% inches  dee; 
s p r i n k l e d  w i t h  s o i l  t a k e n  from a s u g a r  maple s t a n d ,  u! 

s p r e a d  i n  t h e  bottom o f  each one. Th i s  was done on t L  

theory  t h a t  t h e  product ion of  f i n e  absorbing r o o t s  and t : ~  

development of rnycorrhizae thus  might be s t imulated.  

An overhead i n t e r m i t t e n t  m i s t  system provided mo:; 
t u r e  f o r  the  c u t t i n g s  ( f i g .  2 ) .  During t h e  i n i t i a l  phase: 
t h e  exper iment ,  automat ic  c o n t r o l  was provided by an elec' 
t r o n i c  l e a f  and solenoid valve; these  were replaced later!  
a  t ime switch c o n t r o l  o p e r a t i n g  on a  1-minute i n t e r v a l  
tween s p r a y s .  D u r a t i o n  of  t h e  s p r a y  v a r i e d  from 1 t o  
seconds and was determined by the  mic roc l imate  outside t i  

r o o t i n g  bed, t h e  c u t t i n g s  r e c e i v i n g  more spray during per1 
ods of drying winds and low humidity. Required adjustme?; 



. The 
. -- 

m i s t  was s t opped  a t  n i g h t  and 

,,, L u  the  morning by means of  a  second t ime 

t i c a l  ana lys i s  was 
roo t ing  media a s -  

lones t o  sub-plots.  'Ihe 3 root ing 
dom i n  each of 2 blocks; cu t t i ngs  
were randomized by c lona l  groups 

s. Clones thus could be subjected 

1,) 104 : 1957 experiment was repea ted  i n  p a r t ,  

,, L. 1; oi' t ne c lones .  Of t h e s e ,  6 were among the  
and 5 among the  lowest. ?he primary 

clones a t  e i t h e r  end of t he  order  of 
t o  fu r the r  i n v e s t i g a t e  clonal  var ia -  

cu t t ings  were t r ea t ed  e s s e n t i a l l y  t he  

i8, the 
.he sae 

Lesults & Discussion 
r r t  o f  C l o n e  
/ f o o t i n g  

I n  
t i  :Ilnonb 
P I I L  ( t i  

the 1957 t e s t ,  a  marked v a r i a t i o n  i n  roo t ing  was 
r clones. The range was from 46.1 percent t o  1 . 4  
able 1). The r e s u l t s  of an ana ly s i s  of var iance 

IIV percentage of cu t t ings  t h a t  rooted i n  1957, using an 
nsformation (2), a re  presented i n  t ab l e  2. I :ir t r a  

1, I t he  1958 s t u d y ,  d i f f e r e n c e s  i n  r o o t i n g  among 
I 

t [ O W ' S  n ~ n i n c ~ e r e  s i g n i f i c a n t .  Eut t he  ranking  of the  11 
I Ioilr-s on th4,basis  of roo t ing  percentage was much changed 
1 r r 1 - 7  !.lint of.1957 ( t a b l e  3 ) .  Moreover, a wide var ia t ion  i n  

In!: percentage between the  2 years was evident. Similar 
n t i o n s  i n  r e s u l t s  have been r epo r t ed  by Duf f i e ld  and 
~ r o c t  ( 4 ) ,  and by Pat ton and Riker (11). 

I !I : \ [  
1 1 1  f l'r 

\\llile i t  i s  poss ib le  t h a t  some minor va r i a t i ons  may 
occurred i n  the  handl ing of  t he  c u t t i n g s ,  i t  i s  f e l t  
tliey would account f o r  no more' than a  small pa r t  of the  

' r e n c e s  i n  roo t ing  between t he  2 years .  I t  seems more 



Table 1.--Rooting percentages of g r e e n w o o d  cuttings from e a c h  of 
46 sugar m a p l e  t r e e s ,  1957 1 

l i k e l y  t h a t  t h e  d i f f e r e n c e s  between years  r e s u l t e d  from dif-  
f e r e n c e s  i n  t h e  p h y s i o l o g i c a l  cond i t ion  of  t h e  c u t t i n g s  a t  
the  time they were taken from the  t r e e s .  We have no infor-  
mat ion ,  however,  on what t h o s e  p h y s i o l o g i c a l  d i f f e r e n c e s  
might be. 

E f f e c t  o f  M e d i u m  
o n  R o o t i n g  

Rank 

I n  t h e  l a t t e r  p a r t  of September,  t h e  c u t t i n g s  were / 

- 
1 K-102 102 46.1 24 H-577 216 10.7- 
2 P-457 216 43.1 25 K-276 208 10.1 : 
3 NY-394 42 38.1 26 NH-5 203 8.9 
4 K-107 216 35.7 27 P-390 2 16 8.8 
5 K-238 96 32.3 28 K-232 181 8.8 
6 K-63 84 28.6 29 K-228 2 16 8.8 
7 P-500 60 26.7 30 K-110 216 8.3 
8 K-234 184 26.6 31 H-655 216 8.3 
9 NH-3 150 22.7 32 K-292 120 8 3 
10 H-578 216 21.8 33 K-38 150 8.0 I 

11 K-226 138 21.0 34 K-65 113 7.1 
12 P-486 216 20.1 35 K-261 216 5.6 
13 8-545 2 16 19.0 36 K-60 131 3 . 3  
14 K-286 161 17 .4 37 X-227 210 4.8 
15 P-526 133 17.3 38 P-489 168 4.8 
16 P-392 216 17.2 39 H-664 216 4.6 
17 0-6 120 16.7 40 P-548 2 16 4.2 
18 K-59 102 15.7 41 P-459 150 4.0 
19 P-491 216 15.3 42 P-397 180 3.3 
20 P-463 216 11.6 43 H-665 216 2 . 8  
21 P-480 132 11.4 44 0-2 102 2 . 0  
22 0-4 216 11.1 45 K-301 126 1.6 
23 P-499 172 11.1 46 K-230 216 1.4 - 

Total 
cuttings 

I l i f t e d  and scored  f o r  roo t ing .  Rooted c u t t i n g s  were potted 
p r e p a r a t o r y  t o  h a r d e n i n g - o f f  and w i n t e r  s t o r a g e .  It was 
observed t h a t  the  l ayer  of  s o i l  p laced i n  t h e  bottom of each 
f l a t  was a  detr iment  r a t h e r  than an a i d  i n  e s t a b l i s h i n g  root 
systems. Roots e n t e r i n g  t h e  s o i l  l a y e r  i n v a r i a b l y  were at-  ' 

tacked by fung i .  Since t h e  s o i l  was of  r a t h e r  heavy texture,  
impeded d r a i n a g e  p r o b a b l y  was mainly  r e s p o n s i b l e  f o r  t h ~  ' 
poor condi t ion of the  roo t s .  

-. 
cutting, 
rooted 

'lone 
No. 

Of 1 ,052  c u t t i n g s  t h a t  rooted i n  a l l  t h e  media i n  t h e  
1957 t e s t ,  45 percent  were i n  p e r l i t e ,  35 percen t  i n  sawdust, ' 

and 20 percent  i n  t h e  sphagnum-peat-sand mixture.  The anal- 
y s i s  of  va r iance  ( t a b l e  2)  i n d i c a t e d  a  s i g n i f i c a n t  d i f f e r -  ! 

Total 
cuttlngs 

cuttings 
rooted 

Ra* 
clone 
NO. 



medium. Orthogonal comparisons show- 
l~er-arzbd i n  roo t ing  percentage between p e r l i t e  
,, not s i g n i f i c a n t ,  but t h a t  t h e  d i f fe rence  be- 

-sand mixture  and t h e  mean f o r  pe r -  
' gn i f i can t .  I n t e r a c t i o n  between clone 
i f i c a n t  e f f e c t  on t h e  percen tage  of 

? 1958 study, t h e  e f f e c t  o f  medium on root ing of 
not s i g n i f i c a n t .  This  may r e f l e c t  some a t t r i b -  

I . '  ,,, tile 11 $Eones used i n  1958, s i n c e  t h e  1957 d a t a  f o r  

. - . A n a l y s t s  o f  v a r i a n c e  of t h e  1 9 5 7  s p l i t - p l o t  e x p e r i m e n t  

o n  rooting of greenwood s u g a r  m a p l e  cuttings 

( ~ ~ t a  transformed by angular transformatron) 

*significant at 5.0-percent level. 

sourco 
.,f vsrintion 

I** 
Significant at 0.1-percent level. 

TnLle 3.--Percentages of roatzng In 1957 and rn 1958 for cutttngs 
of 11 clones r e - t e s t e d  zn 1958, a n d  the ranking 

of the clones for e n c h  year 

&!nln plots: 
Dlock 1 18.29 0.1997 
nooting laedium 2 2766.82 30.21 
blain plot error 2 91.58 -- 

Subplotb: 
clone 45 603.37 1 

*** 
4.54 

Clone x medium 90 101.01 -- 
subplot error 135 132.91 -- 

Degrees 
of freedom 

Clone 1957 rooting 1958 rooting 

I * 
Ranking of the 11 clones tested in 1958, based on 1957 

xeaul ts . 

Mean 
square 

** 
Ranking of 11 clones tested in 1958 among the 48 clones 

tested I n  1957. 

P 



Figure 3 . - - A  rooted cu t t ing  o f  sugar maple. 
This  c u t t i n g  was from a clone that  rooted 
well  even though none of  the  cu t t ings  were 
more than 2 inches long. 

i 
I 1 

I 
i 

t h e s e  c l o n e s ,  when analyzed s e p a r a t e l y ,  showed no signifi.i 
can t  e f f e c t  of medium on root ing.  I 

Although i n  both s t u d i e s ,  t h e  d i f f e r e n c e s  i n  rootir: 
between p e r l i t e  and sawdust were n o t  s i g n i f i c a n t ,  
p e r l i t e  i n  preference t o  sawdust h a s  some mer i t .  The for-- 
e r  i s  n o t  an o r g a n i c  s u b s t a n c e  and would t end  t o  be 1 ~ .  1 

favorab le  than sawdust f o r  the growth o f  fungi and bacteri? 1 
! 

P e r l i t e  i s  s u p e r i o r  i n  d r a i n a g e ,  and i t s  moisture-holdir ! 
c a p a c i t y  and p o r o s i t y  a r e  a s  good o r  b e t t e r  than  t h a t  ( ' '1  

I 



ompase s favorably i n  dry-weight and, a l -  
I, L . I.. - 

I I ,r Il!' 

' pparen t ly  is  n o t  so  important a s  

, , ; I., \ l l > l l  
g. 3 ) .  In  c e r t a i n  of t h e  b e t t e r  

. , l o  e s s  than 4 i n c h e s  long  were suc- 

' O O L ~ U ,  ne r o o t e d  w e l l  w i t h  no c u t t i n g  

- 8  
2 inch owever, t h i n  and s p i n d l y  c u t t i n g s  

r r e  001d be whenever p o s s i b l e  because they 

,,, l ,~,.~, t o  be o f  

. I ,  , ;I. R e m o v a l  
i i n g  B e d  

notin a r  maple c u t t i n g s  i s  only t h e  f i r s t  

I 
r s t a b l i s h i n g  m a t e r i a l  f o r  clonal  o u t p l a n t i n g s .  

1 1 1  t s t u d y  the  rooted c u t t i n g s  were s t o r e d  over win- 
, !I.r t c e l l a r .  Temperatures ranged from 33' t o  40°F., - 0 

, , . R e l a t i v e  humidi ty  was between 95 and 100 
~,c.ri-r,lt n L  ~ l l  times. Probably because of t h e  high humidity 

i ,','or vr.nti lation, t h e  c u t t i n g s  became badly molded dur- 
t r ~ y *  I!IP s lo rnge  period. A l l  c u t t i n g s  d i e d  e i t h e r  during t h e  
M 1111. o r t l y  a f t e r  breaking dormancy. 

dur ing t h e  summer o f  1958 were over- 
e n t  c o n t r o l l e d  temperatures  f o r  com- 
growth. Data c o l l e c t e d  dur ing  t h i s  
analyzed. However, a l imi ted  number 

i n  t h e  s p r i n g  of  1959 and were 
. The m a j o r i t y  o f  t h e s e  had been 
ond-year su rv iva l  of t h e  outplant-  
roximateIy 85  percent .  

mal l  measure of success  was achieved 
1958 c u t t i n g s ,  d e t e r m i n a t i o n  o f  t h e  

r r y  a s a t i s f a c t o r y  p e r c e n t a g e  of 
i n t e r  remains a  major problem t o  be 

c l o n a l  s t o c k s  o f  sugar  maple. The 
i n  s t o r a g e  i s  n o t  known. How- 

of the  1957 c u t t i n g s  a f t e r  t h e i r  
t t l e  o r  no s t a r c h  p r e s e n t .  This  

me reason ,  t h e  c u t t i n g s  f a i l e d  t o  ac -  
t h e  f a l l ,  o r  t h a t  accumulated 



r e s e r v e s  were d i s s i p a t e d  d u r i n g  t h e  w i n t e r ,  and thus  we, 1 
inadequate  t o  support  the  renewal of  growth i n  the  sprin,. 
I t  is  poss ib le  t h a t  some s o r t  of  condi t ioning treatment du: 
i n g  the  f a l l  be fore  s t o r a g e  might i n c r e a s e  s u r v i v a l .  StU, 
i e s  a long t h i s  l i n e  a r e  now i n  p rogress ,  toge ther  with fU. 

t h e r  s t u d i e s  of s to rage  condi t ions .  
I P  

Summary 
I 

An i n v e s t i g a t i o n  was made i n  1957 and 1958 of the e:i 
f e c t s  of c lone and r o o t i n g  medium on t h e  r o o t i n g  of grep,. 
wood c u t t i n g s  of sugar maple. I 

A s i g n i f i c a n t  d i f f e r e n c e  i n  roo t ing  a b i l i t y  was fo~!: 
among 46 c lones  i n  t h e  1957 s t u d y  and among 11 of  the  sah 

clones  i n  the  1958 s tudy.  For t h e  11 clones  t h a t  were tes r  

ed both y e a r s ,  both t h e  average and t h e  ind iv idua l  percen! 
ages  o f  t h e  c u t t i n g s  t h a t  r o o t e d  d i f f e r e d  widely  betwef 
years.  

Of t h r e e  r o o t i n g  mediums t e s t e d ,  p e r l i t e  and sawdu 
each gave r o o t i n g  percentages  t h a t  were s i g n i f i c a n t l y  highV 
than those  obtained with  a  mixture of equal  p a r t s  of sphs: 
num moss, p e a t ,  and sand.  No s t a t i s t i c a l  s i g n i f i c a n  

I 
roo t ing  was found between p e r l i t e  and sawdust. 

Di f fe rences  i n  r o o t i n g  o f  c u t t i n g s  due t o  the  i 
r e l a t e d  e f f e c t s  of c lones  and media were n o t  s t a t i s t i  
s i g n i f i c a n t .  

Excessive m o r t a l i t y  of t h e  rooted c u t t i n g s  occurrl 
during winter  s to rage .  The 1957 c u t t i n g s ,  which were s to r  
i n  a  r o o t  c e l l a r  a t  about  3 7 ' ~ .  under h i g h  humidi ty ,  iiI 

d i ed .  Only a small percentage of  t h e  1958 c u t t i n g s  survilr 
winter  s to rage  under d i f f e r e n t  degrees of  con t ro l l ed  refrir 
e r a t  i on . 
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