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ABSTRACT: P i n e  v o l e s  and meadow v o l e s  exh ib i t ed  d i f f e r e n t i a l  p r e f e r -  
ences  f o r  v a r i o u s  Malus c lones .  When damage t o  dormant stems i n  a  24- 
h r  t e s t  was a s sessed  by e i t h e r  a  graded damage s c a l e  o r  percentage 
consumption by we igh t ,  p i n e  v o l e s  p r e f e r r e d  Golden De l i c ious ,  M . 9 ,  and 
M.26 and c o n s i s t e n t l y  avoided M.x sub loba ta  P I  286613 ("613") and 
r e l a t e d  c lones  and Robusta 5. Dehydrating stems magnified t h e  d i spa r -  
i t y  among c u l t i v a r s ,  a s  a t t r a c t i v e  stems cont inued t o  s u f f e r  e x t e n s i v e  
damage, whi l e  613 became even l e s s  p a l a t a b l e .  I n  t h e  autumn phase a l l  
v a r i e t i e s  showed inc reased  acceptance.  Meadow v o l e s ,  l i k e  p i n e  v o l e s ,  
e x h i b i t e d  d i f f e r e n t i a l  acceptance of c u l t i v a r s ,  bu t  t h e i r  p re fe rences  
d i f f e r e d  somewhat from p i n e  v o l e s  i n  t h a t  they  e x t e n s i v e l y  damaged 
Robusta 5. 

When bark and pu lp  p o r t i o n s  of r o o t s t o c k s  were s e p a r a t e l y  
p resen ted  t o  p i n e  v o l e s  i n  1 h r  t e s t s ,  weight consumed followed 
expected v a r i e t a l  p re fe rences .  With dormant s t o c k s ,  s i g n i f i c a n t l y  more 
ba rk  was consumed t h a n  pulp  i n  both  613 and Golden De l i c ious  samples,  
and, i n  bo th  f r a c t i o n s  Golden De l i c ious  was consumed more t h a n  613. 
I n  autumn-cut s t o c k s  Golden De l i c ious  was p r e f e r r e d  t o  t h r e e  o t h e r  
v a r i e t i e s  o v e r a l l ,  a s  was i t s  pulp f r a c t i o n .  

Humans r e a d i l y  d e t e c t e d  t e x t u r a l  c o n t r a s t s  among r o o t s t o c k s ,  some 
of which can b e  measured dur ing  t h e  dormant phase  a s  lower d e n s i t i e s  
and h igher  wa te r  con ten t  f o r  t h e  extremely p r e f e r r e d  roo t s tocks .  Humans 
a l s o  r e p o r t e d  t a s t e  d i f f e r e n c e s  among c u l t i v a r s ,  d e s c r i b i n g  r o o t s t o c k s  
and f ragments  a s  b i t t e r  more o f t e n  f o r  Golden De l i c ious  and 613 than  
f o r  Robusta 5 and M.9. Taken t o g e t h e r ,  t h e s e  r o o t s t o c k  d a t a  suggest  
t h a t  stem t e x t u r e  may be a  p r i m a r y f a c t o r  f o r  r o o t s t o c k  a c c e p t a b i l i t y .  

T a s t e  probably a l s o  p l a y s  a  r o l e  i n  r o o t s t o c k  p re fe rences .  P i n e  
dowels soaked i n  f r u i t  e x t r a c t ,  suc rose ,  o r  qu in ine  s o l u t i o n s  o r  water  
o r  o i l  and i n d i v i d u a l l y  p resen ted  t o  pa i red  p i n e  v o l e s  f o r  24 h r  t e s t s  
were gnawed d i f f e r e n t i a l l y  wi th  enhanced gnawing f o r  o i l  and e x t r a c t -  
t r e a t e d  dowels,  and l e s s  gnawing of qu in ine - t r ea ted  dowels. 

INTRODUCTION: P ine  v o l e s  and meadow v o l e s  may i n f l i c t  s e r i o u s  damage 
on a p p l e  t r e e s  by gnawing r o o t s  and bark (2 ) .  Whether v o l e s  gnaw t o  
wear down t h e i r  t e e t h ,  t o  o b t a i n  c e r t a i n  minera l s ,  n u t r i e n t s ,  o r  water ,  
o r  t o  c r e a t e  n e s t i n g  m a t e r i a l ,  i s  unknown. P i n e  v o l e s  do consume some 
a p p l e  t r e e  r o o t  t i s s u e ,  a s  i t  i s  commonly p resen t  i n  stomach c o n t e n t s  
of wild-caught p ine  v o l e s ,  bu t  t h e  percentage of a p p l e  r o o t  epidermis  
t i s s u e  i n  t o t a l  stomach c o n t e n t s  i s  v e r y  low, u s u a l l y  on ly  a  few 
pe rcen t  (4 ) ,  sugges t ing  t h a t  app le  r o o t s ,  even i n  t h e  w i n t e r ,  a r e  
n o t  a n  important  food source .  



I n  t h i s  paper  I p r e s e n t  d a t a  r ega rd ing  f a c t o r s  i n f l u e n c i n g  
gnawing of wood by v o l e s ,  d e s c r i b i n g  i n  t h e  f i r s t  s e c t i o n  s t u d i e s  of 
a c c e p t a b i l i t y  i n  24 h r  t e s t s  of dormant, dormant and d r i e d ,  dormant 
and sp rou ted ,  and autumn-cut Malus shoo t s .  The a c c e p t a b i l i t i e s  of 
c o r t e x  and pu lp  p o r t i o n s  of s e v e r a l  c u l t i v a r s  i n  1 h r  t e s t s  a r e  
compared. P h y s i c a l  c h a r a c t e r i s t i c s  of t h e  most and l e a s t  a t t r a c t i v e  
c u l t i v a r s  a r e  desc r ibed  i n  t h e  second s e c t i o n ,  inc lud ing  changes w i t h  
season,  and d i f f e r e n c e s  i n  t a s t e  q u a l i t y  a s  desc r ibed  by humans. I n  
t h e  t h i r d  s e c t i o n  I r e p o r t  e f f e c t s  of t a s t a n t s  on gnawing of p i n e  
dowels by p i n e  v o l e s .  

ACCEPTABILITY OF ROOTSTOCKS TO VOLES: Both i n  t h e  l a b o r a t o r y  and i n  
t h e  f i e l d ,  v o l e s  have e x h i b i t e d  d i f f e r e n t i a l  p re fe rences  among Malus 
c l o n e s  (3 ,7 ,9 ) .  'Golden ~ e l i c i o u s '  s tems,  f o r  example, have cons i s -  
t e n t l y  been more s u b j e c t  t o  damage t h a n  613 stems. 

For t h e  p r e s e n t  s tudy ,  p l a n t  m a t e r i a l  was c o l l e c t e d  a t  Geneva, 
New York, e i t h e r  w h i l e  f u l l y  dormant i n  January o r  be fo re  l e a v e s  
dropped i n  October ,  shipped t o  P h i l a d e l p h i a ,  and t h e r e  s t o r e d  i n  
p l a s t i c  a t  1°C u n t i l  u s e  w i t h i n  30 days. 

P i n e  v o l e s  were laboratory-born i n  a  colony o r i g i n a l l y  t rapped 
i n  Pennsylvania  i n  1972, and meadow v o l e s  were wild-caught i n  
V i r g i n i a  a  few months p r i o r  t o  t e s t s .  A l l  Voles were housed i n  
p l a s t i c  shoe box cages  a s  h e t e r o s e x u a l  p a i r s  and o f f e r e d  wa te r ,  app les ,  
a l f a l f a ,  peanu t s ,  and sunf lower  seeds  cont inuously  throughout a l l  
exper iments .  

For a n  i n i t i a l  r e p l i c a t i o n  of Byers' s tudy  under our l a b o r a t o r y  
c o n d i t i o n s ,  20 p a i r s  of p i n e  v o l e s  were, i n  a  s e r i e s  of weekly t e s t s , '  
p resen ted  wi th  1 5  cm r o o t s t o c k  l e n g t h s  f o r  a  24 h r  per iod.  A modifi-  
c a t i o n  of Byers '  damage r a t i n g  s c a l e  (2) was used: 0  = no damage; 
1 = 114 g i r d l e d ;  2  = 114 - 112 g i r d l e d ;  3  = 112 o r  more g i r d l e d ;  4  = 
g i r d l e d ;  5  = shor tened o r  c u t  i n  two; 6  = consumed. I n  t h i s  s tudy ,  
wide v a r i a b i l i t y  occur red  and no s i g n i f i c a n t  d i f f e r e n c e  was found 
among M.26, M.9, Robusta 5 ,  and 613 (3176 d f ,  F  = 1.23) ;  however d a t a  
suggested a  t r e n d  of lower a c c e p t a b i l i t y  f o r  613. 

I n  a  subsequent t e s t  u s i n g  dormant s t o c k  and 23 Malus c lones ,  
s i g n i f i c a n t  d i f f e r e n c e s  were ev iden t  (22190 d f ,  F  = 1.86, E (  .05),  
w i th  mean damage s c o r e s  above 5  f o r  7227R5-181, M.27, 74R5M9-934 and 
M.9, and below 4 f o r  746363-32, 710663-1, 74R5M9-794, 74R5M9-5, 
716325-2, 710663-13, t h e  two extremes r e p r e s e n t i n g  s i g n i f i c a n t  
d i f f e r e n c e s  i n  t - t e s t s .  

Much l a t e r  we ob ta ined  autumn-cut shoo t s ,  and a  f a r  h igher  
pe rcen tage  by weight was consumed (Fig. l b )  than  f o r  dormant m a t e r i a l  
(Fig. l a ) .  I n  t h e  autumn, 613 and Golden De l i c ious  were s i g n i f i c a n t l y  
p r e f e r r e d  over  Robusta 5 ,  i n d i c a t i n g  a  p o s i t i v e  s h i f t  i n  t h e  
a t t r a c t i v e n e s s  of 613. Dormant shoo t s  which had been d r i e d  (150°C) 
f o r  3  days  a l s o  s i g n i f i c a n t l y  d i f f e r e d  (251159 d f ,  F  = 3.36, p < .001) 
wi th  s c o r e s  above 4.5 f o r  74R5M9-789, 75M9R5-47, 746363-75, and GD and 
below 3 f o r  7527R5-181, M.27, 710663-13, 74R5R5-29, 74R5R5-16,74R5R5-15, 
63, 746363-37, Rob. 5 ,  74R5M9-936 and 74R5M9-794. Shoots of 7 c u l t i -  
v a r s  were t h e n  placed i n  a  room a t  20°C wi th  a n  1 8  L-6D c y c l e  f o r  2  
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Figure  1. Percentage of Malus shoot  weight no t  consumed by p ine  
v o l e  pa i r s .  (Four c u l t i v a r s  were i n d i v i d u a l l y  p resen ted  
f o r  24 h r  t e s t s .  I n  Fig. l a ,  shoo t s  were f u l l y  dormant. 
I n  Fig .  l b ,  l e a v e s  were removed be fo re  t e s t i n g . )  

weeks and allowed t o  develop l e a v e s .  Sprouted shoo t s  were then  
p resen ted  t o  p i n e  v o l e s ;  damage d i f f e r e d  s i g n i f i c a n t l y  among c u l t i v a r s  
(6135 d f ,  F  = 4.29, p < .005), w i th  high damage s c o r e s  f o r  746363-51, 
746363-37, 74R5R5-15, and g.27 and low s c o r e s  f o r  74R5R5-16 and 613. 

The ave rage  damage s c o r e  f o r  f r e s h  dormant v a r i e t i e s  pooled was 
4.23 (S.E. = .18, 23 v a r i e t i e s )  whi l e  d r y  dormant was 3.25 (S.E. = 
.25, 26 v a r i e t i e s  ), and dormant sprouted was 4.5 (S.E. = .37, 7  
v a r i e t i e s ) .  Drying reduced damage s i g n i f i c a n t l y  whi l e  sp rou t ing  d id  
n o t  s i g n i f i c a n t l y  a f f e c t  damage. I n d i v i d u a l  c u l t i v a r s  had a  s i g n i f i -  
c a n t  r e d u c t i o n  i n  damage a f t e r  d ry ing  ( s i g n  t e s t :  n  = 20, p < .058). 

F igure  2. Percentage of shoot  f r a c t i o n s ,  ba rk  (B) and pu lp  (P), 
no t  consumed by p i n e  v o l e  p a i r s . ( I n  Fig .  2a, dormant 
f r a c t i o n s  were presented f o r  24 h r  immediately a f t e r  
p repa ra t ion .  I n  Fig .  2b, autumn f r a c t i o n s  were presented 
f o r  1 112 h r  beginning 24 h r  a f t e r  p repa ra t ion . )  



To a s s e s s  t h e  a t t r a c t i v e n e s s  of dormant shoo t s ,  p i e c e s  were 
prepared from t h e  co lo red  l a y e r s  of t h e  bark and t h e  whi t e  pulp. 
P o r t i o n s  of e i t h e r  ba rk  o r  pu lp  from 613 o r  M.9 were weighed and 
p resen ted  t o  f a m i l i a r  p i n e  v o l e  p a i r s  i n  a  c l e a n  cage f o r  a  2  h r  t e s t .  
Control  samples of each v a r i e t y  were placed i n  c l e a n  empty cages  and 
weighed a f t e r  t e s t i n g  t o  permit  c o r r e c t i n g  weights  f o r  pe rcen t  water  
l o s s  dur ing  t h e  t e s t  pe r iod .  More b a r k  than  pu lp  was consumed i n  bo th  
c u l t i v a r s  (1116 d f ,  F  = 16.63, p < .001),  and 613 was l e s s  p a l a t a b l e  
than M.9 (1116 d f ,  F = 6.04, p < .05; Fig .  2a).  A s i m i l a r  experiment 
was l a t e r  conducted us ing  autumn-cut shoo t s .  Uniformly-sized shavings  
(approx. 3  cm x 5  nun) were presented i n  1.5g a l l o t m e n t s  t h e  day a f t e r  
p repa ra t ion .  Con t ro l  samples permit ted c o r r e c t i o n s  f o r  drying.  Each 
vo le  p a i r  was g iven  3  t e s t s  i n  a  r epea ted  measure des ign  wi th  random- 
ized s e l e c t i o n  of t r ea tmen t .  The autumn-cut stems d i f f e r e d  wi th  
r e spec t  t o  v a r i e t y  (3148 d f ,  F  = 17.6, 2 < .001; Fig .  Zb), p o r t i o n  of 
t h e  r o o t s t o c k  (1148 df , F = 9.4,  2 < .001) and t h e  i n t e r a c t i o n  (3148 df, 
F = 5.88, 2 < .005). There was a  s i g n i f i c a n t  o r d e r  e f f e c t ,  w i th  s c o r e s  
i n c r e a s i n g  on subsequent  t e s t s  (2148 d f ,  F  = 17.6, p  < .001) and an  
i n t e r a c t i o n  among v a r i e t y ,  stem p o r t i o n ,  and o r d e r  of t e s t i n g  (6 ,  48 df, 
F = 14.7, 2 < .001).  Compared t o  o t h e r  v a r i e t i e s ,  Golden De l i c ious  
was s i g n i f i c a n t l y  p r e f e r r e d  o v e r a l l ,  and i t s  pulp was p r e f e r r e d  t o  
o t h e r s  ( t - t e s t s  p < .05).  Robusta 5  ba rk  was s i g n i f i c a n t l y  p r e f e r r e d  
t o  i ts  pulp;  t h i s  i s  c o n s i s t e n t  wi th  t h e  f r equen t  s t r i p p i n g  o f f  of 
bark which occurs  when whole Robusta 5  stems a r e  presented.  

Meadow v o l e s  a l s o  e x h i b i t  v a r i e t a l  p re fe rences ,  bu t  they a r e  
u n l i k e  p i n e  v o l e s  i n  t h e i r  r e l a t i v e  l i k i n g  f o r  Robusta 5  (Fig. 3b).  
Negat ive  r e s u l t s  have occurred i n  s t u d i e s  of a c c e p t a b i l i t y  of (1) 
l e a v e s  of v a r i o u s  c u l t i v a r s ;  and (2) superna tan t  from pu lve r i zed  shoo t s  
of v a r i o u s  c u l t i v a r s  i n  water ,  w i t h  o r  wi thout  sucrose .  

A c c e p t a b i l i t y  of a p p l e  s h o o t s  was in f luenced  by c u l t i v a r ,  by t h e  
stem hydra t ion ,  and by t h e  stem f r a c t i o n .  While t h e s e  f a c t o r s  s i g n i -  
f i c a n t l y  a f f e c t  r o o t s t o c k  damage i n  t h e  l a b o r a t o r y ,  s u b s t a n t i a l  con- 
sumption occurred even under t h e  l e a s t  a t t r a c t i v e  cond i t ions .  Orchard- 
ists can probably b e n e f i t  most by s e l e c t i n g  u n a t t r a c t i v e  r o o t s t o c k s  
a s  p a r t  of an  i n t e g r a t e d  v o l e  c o n t r o l  program. 
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F i g u r e  3a F igure  3b 
Pe rcep t ion  o f  Malus shoo t s  by a  Damage t o  Malus shoo t s  by 
human t a s t e  panel. (Six  women were meadow v o l e  p a i r s .  
p resen ted  w i t h  ba rk ,  pulp ,  and whole 
shoo t s  o f  4  v a r i e t i e s  and asked t o  
d e s c r i b e  t a s t e s  of each.) 



PHYSICAZ. CHARACTERISTICS RELATING TO ACCEPTABILITY: Severa l  f a c t o r s  
may i n d i c a t e  whether t a s t e  i s  an  o v e r r i d i n g  determinant  of r o o t s t o c k  
a c c e p t a b i l i t y .  Succulence and t e x t u r a l  f a c t o r s  probably va ry  wi th  
season and a p p a r e n t l y  change p a l a t a b i l i t y ,  s i n c e  dehydrat ion i n f l u e n c e s  
a c c e p t a b i l i t y  of many c u l t i v a r s ,  a s  shown i n  t h e  p rev ious  s e c t i o n .  
Some seasona l  changes i n  t a s t e  a r e  a l s o  l i k e l y  and may be c r i t i c a l  t o  
a c c e p t a b i l i t y .  

Golden De l i c ious  i s  h i g h l y  p r e f e r r e d  by p i n e  v o l e s  whether f r e s h  
dormant o r  d r i e d  dormant. P i n e  v o l e s  avoid t h e  b i t t e r  t a s t e  of 
qu in ine  i n  l i q u i d  t a s t e  p re fe rence  t e s t s  (1) .  To a  human t a s t e  panel  

a of  6  women r a t i n g  autumn-cut a p p l e  shoo t s ,  ba rk ,  and pulp ,  Golden 
De l i c ious  and 613 were s i g n i f i c a n t l y  more b i t t e r  than  Rob. 5 and 
M.9 (Fig. 3a ) .  For v o l e s  then ,  Golden De l i c ious  p a l a t a b i l i t y  may be a  
f u n c t i o n  of some q u a l i t y  o t h e r  than  t a s t e .  

More ev iden t  t o  humans a r e  t h e  t e x t u r a l  d i f f e r e n c e s  among clones .  
An a t t empt  t o  break a  shoot  can r e s u l t  i n  a  s imple  snap of t h e  twig a s  
i f  i t  were a l r e a d y  s e r r a t e d ,  o r  can produce a  s t r u g g l e  w i t h  long 
f i b r o u s  s t r i n g s  which a r e  n o t  e a s i l y  broken o r  c u t .  To t e s t  t h e s e  
t e x t u r a l  d i f f e r e n c e s ,  we measured: (1) t h e  d e n s i t y  of many Malus 
c u l t i v a r s  by wa te r  d isplacement  and (2) t h e  percentage d r y  weight.  

D e n s i t i e s  s i g n i f i c a n t l y  inc reased ,  on t h e  average,  from win te r  
dormant t o  autumn (2 = .99, 1.12, r e s p e c t i v e l y ) .  Densi ty  v a l u e s  i n  
autumn d i d  n o t  r e l a t e  t o  acceptance by v o l e s  o r  e a s e  of breaking 
s h o o t s ,  however d e n s i t i e s  of dormant shoo t s  were r e l a t e d  t o  extremes 
i n  a c c e p t a b i l i t y  o r  i t s  absence. F ive  c u l t i v a r s  appeared i n  t h e  t o p  
and f i v e  i n  t h e  bottom of a c c e p t a b i l i t y  i n  a t  l e a s t  two of f o u r  
dormant measures (damage s c o r e s  f o r  f r e s h ,  d ry ,  sprouted;  pe rcen tage  
consumption f o r  f r e s h ) .  The f i v e  h i g h l y  accep tab le  v a r i e t i e s  (Golden 
De l i c ious ,  5 .9 ,  74R5M9-755, 7527R5-181, 74R5M9-934) had lower 
d e n s i t i e s  (X = .97 + .01) t h a n  t h e  h i g h l y  r eaec ted  c u l t i v a r s  
(746363-37, 613, MM.106, 746363-32, Rob. 5 ;  X = 1.03 + .02).  

The pe rcen t  d r y  weight a l s o  changed wi th  season,  i n c r e a s i n g  from 
t h e  autumn (X = 45.4 + .02, n  = 32 c u l t i v a r s )  t o  t h e  dormant season 
(X = 56.3 + .01; n = 32 c u l t i v a r s ) .  Again, t h e  dormant shoo t s  
d i f f e r e d  i n  pe rcen t  dry-weight a t  a c c e p t a b i l i t y  extremgs. The f i v e  
most a c c e p t a b l e  c l o n e s  had lower-percent d r y  weights  (X = .52 + .01) 
t h a n  t h e  f i v e  l e a s t  a c c e p t a b l e  (X = .59 + .01).  

These d a t a  i m p l i c a t e  t e x t u r a l  d i f f e r e n c e s  a s  important  i n  
r o o t s t o c k  a c c e p t a b i l i t y .  Comparative s t u d i e s  of wood s t r u c t u r e  and 
anatomy and seasona l  changes a r e  needed t o  c l a r i f y  t h e  bases  of 
c o n t r a s t s  i n  d e n s i t y  and d r y  weights.  

TASTE INFLUENCES ON GNAWING: I n  t h i s  experiment we s t andard ized  t h e  
t e x t u r a l  p r o p e r t i e s  of t h e  subs tance  and added t a s t a n t s  t o  determine 
dhether gnawing i s  a f f e c t e d  by t a s t e .  Wooden pegs were soaked f o r  
3  days  i n  f l a v o r a n t s  shown i n  previous  work t o  a f f e c t  p re fe rence :  .05 
M qu in ine  hydroch lo r ide  ( 1 ) ,  1.4 M suc rose  ( l ) ,  25% f r u i t  e x t r a c t  
DRC-470 ( 8 ) ,  co rn  o i l  ( 5 , 6 ) ,  o r  a  water  c o n t r o l .  Pegs were weighed 
and then  p resen ted  t o  1 0  p ine  v o l e  p a i r s  f o r  a  weekly 24 h r  t e s t  i n  a  
two-way repea ted  measured design.  A s  a  d ry ing  c o n t r o l ,  wet pe  s were 
allowed t o  a i r  d r y  i n  an  unoccupied cage dur ing  t h e  t e s t  perio!. 
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F i g u r e  4. Consumption of wooden pegs by p i n e  v o l e  p a i r s  whi l e  
gnawing.[Pegs were soaked i n  f r u i t  e x t r a c t  (EXT), suc rose  
(SUC), o r  qu in ine  (QUI) s o l u t i o n s  o r  water  (WAT) o r  corn 
o i l  (OIL) f o r  48 h r  and t h e n  p resen ted  i n d i v i d u a l l y  f o r  
24 h r  t e s t s . ]  

Dowels were reweighed a t  t h e  end of t h e  t e s t  and weights  c o r r e c t e d  f o r  
drying.  Fig .  4 shows t h a t  o i l  and extract -soaked pegs were s i g n i f i -  
c a n t l y  p r e f e r r e d  t o  qu in ine ,  a l s o  o i l  t o  suc rose  (Fig. 4a: ANOVA, 
4/63 d f ,  F  = 3.54, p < .025; t - t e s t s ,  p < .05) ,  and e x t r a c t  t o  suc rose  
(Fig. 4b; ANOVA, 4/36 d f ,  F = 5.38, p < .005; t - t e s t s ,  p < .05). 

These d a t a  v e r i f y  t h a t  t a s t a n t s  can enhance gnawing by p i n e  
vo les .  Most s u r p r i s i n g  was t h e  low a c c e p t a b i l i t y  of suc rose - t r ea ted  
pegs ,  s i n c e  suc rose  i n  l i q u i d  p re fe rence  t e s t s  i s  a highly-favored 
f l a v o r  . 
CONCLUSIONS: Taken t o g e t h e r ,  t h e s e  experiments h i g h l i g h t  t h e  
complexity o f  a p p l e  r o o t s t o c k  a c c e p t a b i l i t y  t o  v o l e s  and suggest  t h a t  
t e x t u r e  and t a s t e  f a c t o r s  a r e  bo th  c r i t i c a l  t o  a c c e p t a b i l i t y .  Fur the r  
s t u d i e s  could e l u c i d a t e  t h e  f e a s i b i l i t y  of enhancing o r  depress ing  
a c c e p t a b i l i t y  of r o o t s t o c k s  by adding v a r i o u s  t a s t a n t s ,  and the reby  
q u a n t i t a t i v e l y  d i s t i n g u i s h  r o l e s  of t e x t u r e  and t a s t e .  I n  a d d i t i o n  
t o  probable  s y n e r g i s t i c  i n t e r a c t i o n s  among r o o t s t o c k  c h a r a c t e r i s t i c s ,  
t h e  c o n d i t i o n  of t h e  v o l e s  i s  ano the r  v a r i a b l e  n o t  t e s t e d  he re .  
I n f l u e n c e s  of hunger,  d i e t  v a r i e t y ,  age and rep roduc t ive  s t a t u s ,  
thermal  s t r e s s ,  and food o r  water  d e p r i v a t i o n  i n  v o l e s  on r o o t s t o c k  
a c c e p t a b i l i t y  a r e  l i k e l y  t o  be  a s  s i g n i f i c a n t  a s  v a r i e t y  r e s i s t a n c e .  
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