
Advances in Molecular B io logy (2): 71-77, 2008 
Istanbul Kultur University, Printed in Turkey 
www.advmolbiol.org 

Wood-bark -cambium relat ions 
mechanism of root ing in Salix 

Valentin Kefeli 1*, Christopher 
Leininger2, Shari Mastalski2, Beth 
Rehn2 

1 S l ippery R o c k W a t e r s h e d Cool i t ion / S l ippery R o c k 

PA 16057 , U S A 

2 S l ippery R o c k Univers i ty , Dept . of parks , Revea t ion 

and Env i romen t Sc ience , S l ippery Rock PA 16057 , 

U S A 

Abstract 

T h e p r o c e s s o f p u s s y w i l l o w (Salix discolor) 

p r o p a g a t i o n , o r c l o n i n g , i s a n i m p o r t a n t b i o l o g i c a l 

p r o c e s s , w h i c h a l l o w s t h e i n c r e a s e o f t h e a m o u n t 

o f p l a n t l e t s w i t h t h e p r o p e r t i e s o f t h e m o t h e r 

p l a n t s . P u s s y w i l l o w h a s v e r y w e a k d o r m a n c y . 

T h e r e f o r e , t h e p r o c e s s o f r o o t i n g o f s t e m c u t t i n g s 

m a y p r o c e e d t e n m o n t h s i n a y e a r e x c e p t 

S e p t e m b e r a n d O c t o b e r . W e i n v e s t i g a t e d t h e 

l o c a l i z a t i o n o f t h e r o o t i n g p r o c e s s o n t h e s t e m , 

p e r f o r m i n g s u r g e r y i n t h e f o r m o f g i r d l i n g o f b a r k 

a n d p a r t i a l s t r i p p i n g o f b a r k w i t h c a m b i u m f r o m t h e 

s t e m . T h e p r o c e s s o f r o o t i n g w a s i n v e s t i g a t e d . W e 

o b s e r v e d t h a t r o o t s a r e f o r m e d o n l y o n t h e b a r k 

w i t h c a m b i u m . I f w e s t r i p t h e b a r k , n o r o o t s o n t h e 

w o o d w e r e o b s e r v e d . R o o t e d c u t t i n g s w e r e 

s u b j e c t e d t o p r e p a r a t i o n a n d w e o b s e r v e d t h a t 

r o o t s w e r e f o r m e d o n l y o n t h e b a r k - c a m b i u m 

c o m p l e x . D u r i n g t h e p r e p a r a t i o n o f t h e s t e m , w e 

d i d n o t s e p a r a t e b a r k f r o m c a m b i u m a n d 

i n v e s t i g a t e d t h i s c o m p l e x t o g e t h e r . 

K e y w o r d s : p ropaga t i on , c lon ing 

* Corresponding Author: 

329 North Main Street, Slippery Rock, PA 16057, 

724-738-0845 

E-mail: valentin@pathway.net 

dur ing w i l low c lon ing and the 
discolor 

Introduction 
P r e v i o u s e x p e r i m e n t a t i o n by Kefe l i et al. ( 2 0 0 7 ) 

d e m o n s t r a t e d the ca rbon po l ymer fo rmat ion in leaves, 

w o o d , a n d ba rk o f w i l l ow cu t t ings . T h e ca rbon po l ymers 

in leaves are main ly s ta rch . In w o o d , the ca rbon 

po l ymers are l ignin and ce l lu lose. Ca rbon po l ymers 

f ound in bark are ce l lu lose, l ignin, a n d pec t in . T h e s e 

s e c o n d a r y s u b s t a n c e s are f o rmed f rom the p r imary 

p roduc ts o f pho tosyn thes i s such as g lucose a n d am ino 

ac ids (Kefe l i e t al., 2 0 0 7 ) . T h e s e s t o r e d c a r b o n 

po l ymers accumu la te in the b a r k - c a m b i u m c o m p l e x to 

be mob i l i zed for bu i ld ing n e w mater ia ls . L o w molecu la r 

p h e n o l i c s c o u l d b e e x c r e t e d f r o m roo ts a n d 

a c c u m u l a t e d in leaves (Kefel i et al., 2000 ) . T h e s e 

pheno l i cs m a y p lay the role o f natura l inh ib i tors and 

botan ica l herb ic ides (Kefel i et al., 2003 ) . In add i t ion , 

after absc iss ion , the leaves p lay a role in p roduc ing 

ca rbon soi l subs t ra te w i th nutr ients that con t r ibu te to 

the regenera t ion of soi l for fu ture product iv i ty . The 

p resent s tudy is a con t inua t ion of research at the 

C e n t e r o f R e s t o r a t i o n o f B io log i ca l C y c l e s : T h e 

Jenn ings Env i ronmen ta l Educa t ion Center , S l ippery 

Rock, PA, in w h i c h min ing si te restorat ion is the focus 

for in tegrat ive s tud ies on the restorat ion o f w a t e r and 

soi l cyc les as we l l as she l ter cons t ruc t ion . Past pro jec ts 

inc lude w a t e r restorat ion us ing f i l t rat ion th rough both 

ca l c i um ca rbona te a n d c o m p o s t e d mater ia ls . O the r 

invest iga t ions involve the re la t ionsh ips o f bark, w o o d , 

a n d leaves ; g row th rhy thms in w i l low p lan ts ; use o f 

f a b r i c a t e d so i l s ; p r o t e c t i o n o f c h e s t n u t s by roo t 

exuda tes o f w i l l ows ; and bui ld ing mater ia l fabr icat ion 

f r o m loca l p l an t s o u r c e s . I n th is p a p e r we a re 

invest igat ing the m e c h a n i s m of root ing in pussy w i l l ows 

(Salix discolor). T h e pussy w i l l ow is an adap tab le , rapid 

g row ing p lant that is eas i ly c l oned . I t has potent ia l for 

soi l restorat ion a n d f iber p roduc t ion for use in bui ld ing 

mater ia ls . 
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Figure 1. Illustration of regeneration process for mining soils at Jennings and De Sale using pussy willow, red willow, and poplar 

clones. Mother willow plants grown on fabricated soils at Jennings Environmental Education Center provide cuttings for clones. The 

plants are used to restore mine damaged soils at Jennings and De Sale. 

P r e v i o u s e x p e r i m e n t a t i o n o n r e d w i l l o w 

Prev ious exper imen ta t i on by B. Rihn inves t iga ted the 

re la t ionsh ip o f bark a n d w o o d fo rmat ion a n d s t e m 

c o n s t r u c t i o n i n red w i l l o w s h o o t s . L e a v e s w e r e 

c o u n t e d , w e i g h e d , a n d reg is tered f rom f i ve-year -o ld 

mother p lants g r o w n in fabr i ca ted soi l a t Jenn ings 

min ing soi l res torat ion s i te , one -year -o ld cut t ings f rom 

the mother p lants , a n d t ransp lan ts a t the D e S a l e Plot. 

T h e upper part o f each shoo t p r o d u c e d more leaves 

a n d had a h igher we igh t (Kefel i et al., 2007 ) . The upper 

leaves are cons ide red the cen te rs o f p r imary p roduc ts 

o f pho tosyn thes i s (Kefel i , 1992) . On the o ther hand , the 

lower por t ion of the cu t t ings had the h igher p roduc t ion 

of w o o d and bark. A rhy thmic pat tern w a s no ted in the 

p r o c e s s o f g r o w t h o f red w i l l o w c u t t i n g s . F i rs t , 

pho tosyn thes i s in leaves p roduces p r imary p roduc ts . 

S e c o n d , these p r imary p roduc ts are u s e d for s t e m 

e longa t ion . Th i rd , roots p lay a part in s t e m g row th . 

Fou r th , c a r b o n p o l y m e r s are f o r m e d wh i le w o o d , 

c a m b i u m , a n d ba rk is d i f fe rent ia ted (Kefel i et al., 2007 ) 

(F igure 1-2). 

Materials and methods 
Eigh teen cen t ime te r cut t ings o f pussy w i l low w e r e 

i s o l a t e d f r o m the m o t h e r p l an t s a t J e n n i n g s 

Env i ronmen ta l Educa t ion Center . Cut t ings w e r e then 

p repa red for root ing in wate r , at 68° F. S ink wa te r w a s 

used . T h e pH reg is tered 6.33. Wa te r t empera tu re w a s 

ma in ta ined at 6 0 0 F ( 1 6 0 C) . A w e e k later, four g roups 

w e r e es tab l i shed . T w o cont ro l g roups had no surgery . 

O n e g r o u p had the b a r k - c a m b i u m layer g i rd led an inch 

above the base of the cu t t ing . T h e forth g r o u p had a 

nar row str ip o f bark r e m o v e d f rom the base of the 

cut t ing to two inches up the s t e m . Af ter 7 days , the f irst 

p r imord ia w e r e reg is tered. Af ter ano ther 7 a n d 14 days , 

the n u m b e r o f roots w e r e reg is tered on each cu t t ing , 

above and be low gi rd l ing a n d on the st r ips. Length o f 

roots w a s a lso m e a s u r e d . On the fifth w e e k , the 

number o f shoo ts w a s reg is tered a n d the ave rage 

length o f roots a n d shoo ts w e r e reco rded . T h e p lants 

rece ived no natura l l ight, a n d on ly occas iona l art i f icial 

l ight. No nutr ients w e r e a d d e d , but f resh s ink wa te r w a s 

e x c h a n g e d each w e e k . 
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BIOLOGICAL CYCLES RESTORATION 

Figure 2. Integration of cycles restoration at Jennings Environmental Center. 

Figure 3. H is pointed out that the connection between monomer production in leaves to polymer production in leaves, wood, and 

bark. 

Advances in Molecular B io logy 



74 
W o o d bark cambium relat ions 

Kefeli et al. 

Figure 4. Process of root initiation on willow cuttings. Stages of primordia and root development 

Figure 5. Willow cuttings taken 2/5/08. Control, girdles, strips. 
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Table 2. Week four observations of primordia and roots of pussy willow cuttings. 

I. Cont ro l 1 II. G i rd les III. Str ips IV. Cont ro l 2 

P r imord ia 22 12 16 30 

Roots 15 7 17 23 

Pr imord ia be low gi rd le 3 

Table 3. Week five observations of primordia, roots, and shoots. 

I. Cont ro l 1 

P r imord ia 18 

Roots 32 

Shoo ts 6 

A v g . longest Roo t (cm) 6 

A v g . longest Shoo t (cm) 8 

II. G i rd les III. Str ips IV. Cont ro l 2 

8 13 23 

22 2 7 34 

5 6 6 

6 6 8 

6 5 8 

Table 4. Average of five weeks showing percentage of combined control groups. 

I. Cont ro l 1-2 II. G i rd les III. Str ips 

Pr imord ia 24 9 (37 % ) 14 (58 % ) 

Roots 17 14 (82 % ) 15 (88 % ) 

Shoo ts 6 5 (83 % ) 6 (100 % ) 

longest Root (cm) 7 6 (86 % ) 6 (86 % ) 

longest Shoo t (cm) 8 6 (75 % ) 5 (63 % ) 

Results 
Genera l concep t i on of this art ic le is b a s e d on the 

act iv i ty o f the w i l low shoo t e l e m e n t s ; leaves , w o o d a n d 

ba rk . In g e n e r a l , w o o d ia t he s y s t e m o f w a t e r 

t ranspor ta t ion (F igure 3 left), leaves as the center of 

p h o t o s y n t h e s i s a n d p r ima ry me tabo l i t e p roduc t i on 

(center) a n d bark and c a m b i u m (left) cen te rs o f root 

fo rmat ion on the s t e m cut t ings . 

In the m e c h a n i s m of root ing expe r imen t , s tages of 

root fo rmat ion w e r e o b s e r v e d . First, the pr imord ia l 
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Table 1. 02/19/08 Week Three of Pussy Willow Cuttings: Observations of Primordia and Roots. 

I. Cont ro l 1 II. G i rd les III. Str ips IV. Cont ro l 2 

P r imord ia 24 7.5 12 29 

Roots 0.4 0 0.09 0 

Pr imord ia be low gi rd le 0.2 
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Photograph 5. Week five of pussy willow cuttings. 

t issue e rup ted th rough the bark. Th is t issue then 

d e v e l o p e d into roots after 14 d a y s of incubat ion in 

w a t e r . T h e roo ts w e n t t h r o u g h the p r o c e s s o f 

e longa t ion , fo rm ing the n e w c lones f rom the cut t ings o f 

the mo the r p lants . No p r imord ia or roots f o r m e d on the 

w o o d w h e r e the b a r k - c a m b i u m layer had been e i ther 

s t r ipped or g i rd led . T h o u g h a f e w p r imord ia f o r m e d 

be low the g i rd les , no roots d e v e l o p e d f rom t h e m . T h e 

cu t t ings wi th the g i rd les a n d st r ips s h o w e d reduced 

n u m b e r s o f p r imord ia a n d roots , as we l l as reduced 

root a n d shoo t e longa t ion . T h e pH m e a s u r e d be fo re 

the wa te r w a s rep laced wi th n e w s ink wate r , w a s lower 

than the pH f rom the s ink water . On the th i rd w e e k , 

cont ro l g r o u p o n e had a pH of 5 .74 ; cut t ings w i th 

g i rd les m e a s u r e d 6 .19; cu t t ings wi th st r ips m e a s u r e d 

6 .17; a n d cont ro l g r o u p two m e a s u r e d 5 .23. 

S t e m w i l l ow cu t t ings cou ld be t r ans fo rmed into 

ind iv idual p lants v ia fo l lowing s tages - root pr imord ia l 

fo rmat ion (after 2 w e e k s e x p o s e in wate r , t empera tu re 

p lus 22 C (F ig .4) . Roo t ing p rocess cou ld be mod i f ied i f 

we g i rd le the cu t t ings (no bark and c a m b i u m in the ring) 

or i f we m a k e longi tud ina l s t r ips. Opera t ion wi th bark 

(g i rd l ing a n d s t r ipp ing) d e p r e s s e d root act iv i ty on 

cu t t ings after 3 w e e k s exposu re in wa te r (Table 1). 

Four w e e k s is a t ime of the part ial recovery of cut t ings 

after opera t ion (Table 2-3) . M o r e a d v a n c e d recovery 

we can obse rve after 5 w e e k s of su rgery (Table 4 ) . In 

g e n e r a l s u r g e r y o n the c u t t i n g s ( lower , w a t e r 

s u b m e r g e d part) leads to reduct ion of p r imord ia l 

f o r m a t i o n w h i c h i s c o n n e c t e d w i t h t he c a m b i u m 

act iv i ty, length of shoo ts and roots are less sens i t i ve 

(Table 4 a n d F igure 6) 

Conclusion 
T h r e e c e n t e r s o f C - p o l y m e r f o r m a t i o n w e r e 

inves t iga ted on w i l l ow cu t t ings : leaves , w o o d a n d bark. 

Af ter s t e m g i rd l ing, we o b s e r v e d h igher a m o u n t s o f 

p r imord ia above the g i rd le . W o o d w a s inert t i ssue for 

root ini t iat ion on w i l low cut t ings . The b a r k - c a m b i u m 

c o m p l e x w a s a cen te r of root fo rmat ion of w i l l ow 

cut t ings . W o o d a n d x y l e m are not reg ions for root 

fo rmat ion . T h o u g h wa te r cou ld f low up the x y l e m , the 

b reach in the ph loem d id not a l low necessa ry mater ia ls 

for root d e v e l o p m e n t to f low d o w n be low the g i rd les . In 

add i t ion , pho tosyn tha te necessa ry for root ing d o e s not 

pass th rough the x y l e m . For fo rmat ion o f roots, there 

mus t be suf f ic ient a m o u n t o f f low f rom the upper part o f 

the cu t t ing . 

T h e cut t ings w e r e taken in a d o r m a n t s ta te a n d not 

e x p o s e d to natura l sun l ight . Never the less , mater ia ls 

w e r e s to red in the bark and c a m b i u m to es tab l ish init ial 

p r i m o r d i a a n d roo t d e v e l o p m e n t as we l l as t he 
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f o rmat ion o f n e w shoo ts . Fur ther invest igat ion may 

reveal the l imi tat ions o f root a n d shoo t g row th w i thou t 

sun l igh t a n d soi l nut r ients . T h e su rgery on the cut t ings 

s l ight ly in ter fered w i th root a n d shoo t deve lopmen t . 

S igna ls for root a n d shoo t d i f ferent ia t ion a n d for the 

m o b i l i z a t i o n a n d u t i l i za t ion o f s t o r e d m a t e r i a l s 

p r o c e e d e d in the cut t ings to p roduce c lones of the 

mother p lants . T h e rooted cut t ings w e r e po t ted in 

fabr i ca ted soil in ga l lon con ta iners and p laced ou tdoo rs 

for fu ture p lan t ing on m ine soi l res to ra t ion s i tes . 

T h o u g h p r imord ia wil l f o rm a n d d e v e l o p into roots, 

pho tosyn thes i s is necessa ry for fur ther root g rowth a n d 

d e v e l o p m e n t . 

Acknowledgements 
Au tho rs exp ress thanks to m e m b e r s o f S l ippery R o c k 

W a t e r s h e d Coa l i t i on a n d J e n n i n g s C e n t e r for 

Env i ronmen ta l Educa t ion (PA, U S A ) for suppo r t a n d 

in terest ) . M a i n ideas o f the art ic le w e r e b a s e d on the 

concep t i ons , d e v e l o p e d in the Labora to ry of Natura l 

a n d Syn the t i c g r o w t h regu la to rs o f IFR, R u s s i a n 

A c a d e m y o f Sc iences , M o s c o w . (1986 -1997) , name ly 

Pro fessor Lidia P russakova , doc to r of Sc i El la Kof, 

Doc to r o f Sc i Pave l V lassov . Th is t e a m of researchers 

w a s h e a d e d by p ro fessor Rakhi l Tu re t skaya , p ro fessor 

Nikola i Pet inov a n d suppo r t ed by A c a d e m i c i a n s M. 

Cha i lakh jan and Andre i K u r s s a n o v 

References 
Kefel i V. P lant a n d soi l b io logy: Concep t i on in the Al ter 

lab. p resenta t ion for Ca rneg ie M e l o n Un ivers i t y 

Arch i tec tu re D e p a r t m e n t . 2 0 0 8 . 

Kefel i V a n d Kalev i tch M. Natura l g rowth inhib i tors a n d 

p h y t o h o r m o n e s in p lants a n d env i romen t . Borsar i B 

(Ed.) K luwer A c a d e m i c Pub l i shers , Do rd rech t , T h e 

Ne ther lands , 2 0 0 3 . 

Kefel i V, Le in inger C, Rihn B, S c h w a r z K. Wi l low: 

Leaves , w o o d a n d bark. P rob lems o f g rowth a n d 

d i f ferent ia t ion. Advances in Molecular Biology. 2 (1 ) : 

11-15, 2 0 0 8 . 

Kefel i V, M o r r o w R, S n o w R. Plant roots as o rgans for 

sec re t i on o f ions a n d a l le lopa th ic c o m p o u n d s . 

A n n u a l m e e t i n g C P U B , C l a r i o n U n i v e r s i t y o f 

Pennsy l van ia , 2 0 0 0 . 

Kefel i V . P h y t o h o r m o n e s , g e n o m e a n d proper t ies , 

g e n e t i c s a n d b r e e d i n g . Bulgarian Academy of 

Sciences. 2 5 : 2 1 3 - 2 2 5 , 1992. 

Advances in Molecular B io logy 


