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ABSTRACT

A i r - l a y e r i n g ,  a means of  v e g e t a t i v e l y  p r o p a g a t i n g  p l a n t s ,  was a p p l i e d  

t o  t h r e e  s p e c i e s  o f  F l o r i d a  mangroves :  A v i c e n n i a  g e r m i n a n s  ( L . )  L . ,  b l ack

mangrove;  Rh i z o p h o r a  mangl e  L . ,  r e d  mangrove ;  and L a g u n c u I a r i a  r acemosa  

G a e r t n .  f . ,  w h i t e  mangrove .  P r o p a g a t i o n  o f  v i a b l e  w h i t e  mangroves  was 

shown t o  be f e a s i b l e  b u t  r e d  and b l a c k  mangroves  r e q u i r e  f u r t h e r  

d e v e l o p me n t .  Hormone a p p l i c a t i o n  (0.8% i n d o l e  b u t y r i c  a c i d )  d i d  n o t  a f f e c t  

r o o t i n g .  Osmot i c  a g e n t s  ( s u c r o s e  and T e r r a s o r b  200®) i n c r e a s e d  r o o t i n g  

somewhat  i n  b l a c k  mangrove and d e c r e a s e d  r o o t i n g  i n  w h i t e  mangrove .  Black 

mangrove r o o t s  were s i m i l a r  i n  form t o  pneumat ophor es  and p r e s u ma b l y  non-  

a b s o r p t i v e .  Whi t e  mangrove  formed h i g h l y  r a m i f i e d ,  f i b r o u s  r o o t s .  Red 

mangrove formed a e r i a  I / p r o p  r o o t s  which i n f r e q u e n t l y  had a b s o r p t i v e  

s e c o n d a r y  r o o t s .
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INTRODUCTION

Mangroves a r e  t r o p i c a l  t r e e s  occ u p y i n g  c o a s t a l  s a l i n e  h a b i t a t s  

t h r o u g h o u t  t h e  w o r l d .  Three  s p e c i e s  o f  mangrove  o c c u r  i n  F l o r i d a :  

Rhi z ophor a  mangl e  L.  ( r e d  ma n g r o v e ) ,  Avicenni  a germi  nans  ( L . )  L.  ( b l a c k  

ma n g r o v e ) ,  and L a g u n c u 1a r i  a r a cemos a  G a e r t n .  f .  ( w h i t e  mangr ove ) .  These 

t r e e s  s t a b i l i z e  s h o r e l i n e s ,  p r o t e c t  u p l a n d s  f rom s t o r m  damage,  p r o v i d e  

h a b i t a t  f o r  many a n i m a l s ,  and c o n t r i b u t e  t o  ma r i ne  p r o d u c t i v i t y  (Lewis  e t  

a í . ,  i n  p r e s s ) .  Becaus e  o f  t h e s e  v a l u e s ,  t h e  need f o r  p r e s e r v a t i o n  and 

management  o f  mangrove f o r e s t s  i s  we l l  r e c o g n i z e d .  When d e s t r u c t i o n  of  

t h i s  h a b i t a t  o c c u r s ,  me t hods  f o r  q u i c k l y  r e e s t a b l i s h i n g  t h e  f o r e s t  a r e  

r e q u i r e d .  Most  mangrove  r e s t o r a t i o n  e f f o r t s  have  r e l i e d  m a i n l y  upon 

p l a n t e d  p r o p a g u l e s  o f  r e d  mangrove and ,  t o  a l e s s e r  e x t e n t ,  b l a c k  and wh i t e  

mangrove s e e d l i n g s .  These  e f f o r t s  a r e  s a t i s f a c t o r y  un d e r  c e r t a i n  op t i ma l  

c o n d i t i o n s  b u t  may no t  work e f f i c i e n t l y  on l e s s  b e n i g n  s h o r e l i n e s  where 

r a p i d i t y  o f  e s t a b l i s h m e n t  i s  c r u c i a l  t o  p l a n t  s u r v i v a l .  As a r e s u l t ,  

met hods  f o r  p r o p a g a t i n g  mangroves  by a i r - l a y e r i n g  were i n v e s t i g a t e d  as  a 

means f o r  g e n e r a t i n g  more ma t u r e  p l a n t s  t h a t  co u l d  become e s t a b l i s h e d  more 

r a p i d l y .

A i r - l a y e r i n g  i s  a commonly used t e c h n i q u e  f o r  a s e x u a l  p r o p a g a t i o n  

o f  woody p l a n t s .  The method r e l i e s  upon i n t e r r u p t i n g  t h e  ba s i  p e t a  I 

(downward)  f l o w  o f  c a r b o h y d r a t e s  and growth r e g u l a t o r s  in d i s t a l  p o r t i o n s  

o f  t h e  b r a n c h e s  by wounding t h e  t i s s u e  a p p r o x i m a t e l y  25-30  cm f rom t h e  t i p .  

The wound may be t r e a t e d  wi t h  r o o t i n g  s t i m u l a t o r s  and wrapped wi t h  

m a t e r i a l s  ( u s u a l l y  sphagnum moss and p o l y e t h y l e n e )  which p r o v i d e  a c o n s t a n t  

h i g h  h u m i d i t y .  I f ,  a f t e r  a c e r t a i n  p e r i o d  has  e l a p s e d  ( u s u a l l y  6 - 8  w e e k s ) ,  

r o o t s  have formed on t h e  s t em above t h e  wound,  t h e  a i r - 1 a y e r  can be removed



f rom t h e  t r e e  and p o t t e d .

P r e v i o u s  a t t e m p t s  t o  a i r - 1 a y e r  mangroves  have  i n d i c a t e d  t h a t  t h e  

t e c h n i q u e  i s  f e a s i b l e ,  e s p e c i a l l y  wi t h  wh i t e  mangrove  ( P u l v e r ,  1976) .  

C a r l t o n  and M o f f l e r  ( 1 9 7 8 ) ,  w i t h o u t  t h e  a d d i t i o n  o f  p l a n t  growth 

r e g u l a t o r s ,  o b t a i n e d  r o o t i n g  p e r c e n t a g e s  o f  39,  35,  and 6% f o r  r e d ,  w h i t e ,  

and b l a c k  mangrove ,  r e s p e c t i v e l y .  In o r d e r  t o  c l a r i f y  t h e  r e s p o n s e  of  

mangroves  t o  a i r - I a y e r i n g ,  f u r t h e r  r e s e a r c h  was begun t o  e v a l u a t e  t h e  

e f f e c t s  o f  chemi ca l  a d d i t i v e s ,  l a y e r i n g  t e c h n i q u e ,  s e a s o n  o f  i n i t i a t i o n ,  

and s u r v i v a l  o f  a i r - l a y e r s  when p l a n t e d  on u n v e g e t a t e d  s h o r e l i n e s .

STUDY SITE

The s t u d y  s i t e  ( F i g .  1) was l o c a t e d  a t  F o r t  DeSoto P a r k ,  P i n e l l a s  Co. ,  

F l o r i d a  ( 2 7 ° 3 8 ' N ,  82° 43 ' W) .  Bl ack  and wh i t e  mangroves  we r e  l o c a t e d  a l ong  a 

w e s t - f a c i n g  l andward f r i n g e  on S t .  Jean Key ( M u l l e t  Key) and r ed  mangroves  

on t h e  e a s t - f a c i n g  seaward f r i n g e  o f  S t .  Jean Key and a l s o  on Bonne F o r t u n e  

Key ( R a t t l e s n a k e  Key) j u s t  e a s t  o f  S t .  Jean Key.  The t r e e s  r a nged  i n  

h e i g h t  f rom a p p r o x i m a t e l y  2 m e t e r s  t o  about  7 m e t e r s .  Low b r a n c h e s  exposed 

t o  f u l l  sun were s e l e c t e d  f o r  l a y e r i n g .

MATERIALS AND METHODS

In 1980 and 1981 r e s p o n s e s  o f  r e d ,  w h i t e ,  and b l a c k  mangroves  t o  t h e  

s e a s o n  o f  a i r - l a y e r i n g  and t o  hormone a p p l i c a t i o n  were i n v e s t i g a t e d .  In 

Au g u s t ,  1980 ( f a l l  r e s p o n s e )  120 a i r - l a y e r s  o f  e a c h  s p e c i e s  were

i ni t i a t e d - - 6 0  a i r - l a y e r s  w i t h  hormone and 60 w i t h o u t .  In March,  1981 

( s p r i n g  r e s p o n s e )  48 a i r - l a y e r s  (24  wi t h  hormone,  24 w i t h o u t )  o f  each
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F i g u r e  1.  L o c a t i o n  of  mangrove a i r - l a y e r i n g  s i t e  on S t .  Jean Key ( M u l l e t  

Key) ,  F t .  DeSoto Park i n  s o u t h e r n  P i n e l l a s  County,  F l o r i d a .
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s p e c i e s  were  i n i t i a t e d  u s i n g  t h e  same t e c h n i q u e  as i n  t h e  f a l l .  In t h e s e  

and t h e  "modul ar  t e c h n i q u e "  ( Ha r e ,  1979) d e s c r i b e d  b e l o w ,  r e p l i c a t e s  were 

i n t e r s p e r s e d  and t r e a t m e n t s  w i t h i n  r e p l i c a t e s  were a s s i g n e d  r andoml y  t o  t h e  

f i r s t  h e a l t h y  b r a n ch  e n c o u n t e r e d  on each  s e q u e n t i a l  t r e e .  The i n i t i a l  

wound was made by r emovi ng  a 2 . 5  cm s t r i p  o f  ba rk  down t o  t h e  wood

( g i r d l i n g )  a p p r o x i m a t e l y  45 cm f rom t h e  t i p  o f  t h e  b r a n c h .  Assuming t h a t

t h e  phloem,  which i s  t h e  o u t e r m o s t  c o n d u c t i v e  t i s s u e  i n  woody p l a n t  s t e ms ,  

i s  removed i n  t h e  p r o c e s s  o f  g i r d l i n g ,  t h e  bas i  p e t a l  f l o w  of  p h o t o s y n t h a t e

and growt h r e g u l a t o r s  s h o u l d  a c c u m u l a t e  above t h e  g i r d l e  and form c a l l u s

t i s s u e  ( No e l ,  1970) .  A s l u r r y  o f  Hormidin I I I ®  r o o t i n g  powder  (0.8% i n d o l e  

b u t y r i c  a c i d )  was a p p l i e d  wi t h  a b r u s h  t o  t h e  upper  g i r d l e  marg i n  i n  h a l f  

o f  t h e  a i r - l a y e r s .  Each g i r d l e d  s t em ( wi t h  and w i t h o u t  hormone)  was t hen  

wrapped wi t h  m o i s t e n e d  sphagnum moss ,  p o l y e t h y l e n e  f i l m  (4 m i l ) ,  and t h e  

ends  s e a l e d  a g a i n s t  t h e  s t em wi t h  Monsanto® p l a s t i c  t a p e .  The f a l l  a i r -  

l a y e r s  were checked  f o r  r o o t i n g  i n  November,  1980,  bu t  b e c a u s e  r o o t s  had 

n o t  f o r me d ,  t h e y  were l e f t  on t h e  t r e e s  and removed a t  t h e  same t i m e  as t h e  

s p r i n g ,  1981 a i r - l a y e r s  ( i . e . ,  O c t o b e r ,  1981) .  The a i r - l a y e r s  produced  

f rom t h e s e  two p e r i o d s  ( f a l l  and s p r i n g )  were  used t o  t e s t  s u r v i v a l  when 

p l a n t e d  d i r e c t l y  on t o  an u n v e g e t a t e d  s h o r e l i n e  or  i n t o  8" p l a s t i c  p o t s  

p r i o r  t o  f i e l d  p l a n t i n g .  In a d d i t i o n ,  t h e  i n f l u e n c e  o f  dep t h  o f  w a t e r  on 

s u r v i v a l  o f  f a l l ,  1980 a i r - l a y e r s  was a l s o  e v a l u a t e d  i n  t h e  f i e l d  by 

p l a n t i n g  on t h e  s h o r e l i n e  a t  t h r e e  d e p t h s :  h i gh  wa t e r  mark ,  c a .  20 cm, and

midway be t ween  t h e s e  two p o i n t s .  S p r i n g ,  1981 a i r - l a y e r s  were p l a n t e d  o n l y  

a t  t h e  h i g h  w a t e r  mark.

In 1983,  a second t e c h n i q u e ,  " modul a r  a i r - I a y e r i n g " , deve l oped  by Hare 

( 1 9 7 9 ) ,  was employed i n  o r d e r  t o  b e t t e r  c o n t r o l  wa t e r  b a l a n c e  w i t h i n  t h e  

a i r - 1 a y e r .  G i r d l i n g  was employed t o  r e s t r i c t  phloem t r a n s  l o c a t i o n  as  in
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1980-81,  b u t  sphagnum and p o l y e t h y l e n e  were  n o t  u s e d .  I n s t e a d ,  J i f f y  7 

p e a t  p e l l e t s ®  and P a r a f i  Im® were used t o  co v e r  t h e  g i r d l e ;  p e a t  p e l l e t s

p r o v i d e  a more homogeneous m a t r i x  and P a r a f i  Im® p r e v e n t s  d r y i n g  or  

w a t e r l o g g i n g  by s e a l i n g  b e t t e r  t o  t h e  s t em.  In a d d i t i o n ,  aluminum f o i  I was 

wrapped o v e r  t h e  P a r a f i  Im® t o  p r e v e n t  d e t e r i o r a t i o n  and a l s o  t o  p r o v i d e  t h e  

d a r k  e n v i r o n m e n t  t h a t  may be n e c e s s a r y  f o r  b e s t  r o o t  dev e l o p me n t  (El more  e t  

a l . ,  1983) .  Because  aluminum f o i l  i s  a t t r a c t i v e  t o  a n i ma l s  ( e s p .  b i r d s )

b u r l a p  was us ed  t o  co v e r  t h e  l a y e r  and t i e d  a t  e a c h  end wi t h  t w i n e .

The modu l a r  t e c h n i q u e  was used p r i n c i p a l l y  t o  i n v e s t i g a t e  t h e  r e s p o n s e  

o f  b l a c k  mangrove  t o  o s mo t i c  a g e n t s  and growt h r e g u l a t o r s .  Hare (1979)  

t e s t e d  t h e  e f f e c t  of  a b road  r a n g e  of  chemi ca l  a d d i t i v e s  on l a y e r  s u c c e s s  

and d e t e r m i n e d  t h a t  a 1 : 1 : 2 0  (by w e i g h t )  m i x t u r e  of  IBA ( i n d o l e  b u t y r i c  

a c i d ) :  PPZ ( l - p h e n y l - 3 - m e t h y l - 5 - p y r a z a l o n e ) :  s u c r o s e  ( I0X c o n f e c t i o n e r s

s u g a r )  i mproved  r o o t i n g  i n  h a r d - t o - r o o t  s p e c i e s .  T h e r e f o r e ,  t h e  f o l l o w i n g  

t r e a t m e n t s  (N=20) were used t o  t e s t  t h e  r o o t i n g  r e s p o n s e  ( s e e  F i g .  3) of  

b l a c k  mangrove  t o  chemi ca l  a d d i t i v e s :

1) UNTREATED = U

2) IBA (hormone)  + PPZ ( gr owt h  i n h i b i t o r )  + SUCROSE ( o s mo t i c  

a g e n t )  = IPS

3) PPZ + SUCROSE = PS

4) SUCROSE = S

5) SUCROSE + CAPTAN® ( f u n g i c i d e )  = SC

6) TERRASORB 200® ( s u p e r  w a t e r  a b s o r b e n t )  = T

7) TERRASORB 200® + SUCROSE = TS

8) TERRASORB 200® + CAPTAN® = TC

9) TERRASORB 200® + CAPTAN® + SUCROSE = TCS

Because  o f  t h e  p o t e n t i a l l y  b e t t e r  r o o t i n g  o f  w h i t e  mangrove ,  l a y e r s  o f  t h i s
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s p e c i e s  were  made f o r  c o m p a r a t i v e  p u r p o s e s .  The f o l l o w i n g  t r e a t m e n t s  

(N=20) were  a p p l i e d :

1) UNTREATED = U

2) IBA + PPZ + SUCROSE = IPS

3) TERRASORB 200® = T

D i f f e r e n c e s  among t r e a t m e n t s  and s p e c i e s  were s t a t i s t i c a l l y  t e s t e d  u s i ng  

t h e  GLM p r o c e d u r e  o f  SAS (Helwig and C o u n c i l ,  1979) a t  t h e  5% s i g n i f i c a n c e  

l e v e l .  The d a t a  were  s u b j e c t e d  t o  t h e  UNIVARIATE p r o c e d u r e  o f  SAS and 

d e t e r m i n e d  t o  be n o r m a l l y  d i s t r i b u t e d .

RESULTS AND DISCUSSION

H o r m o n e - t r e a t e d  and u n t r e a t e d  a i r - 1 a y e r  d a t a  were  combined b ec au s e  our  

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

c o n s i s t e n t l y  have  s i g n i f i c a n t  e f f e c t s  on r o o t i n g  p e r c e n t a g e  i n  any o f  t he  

s p e c i e s  i n  t h e  f a l l ,  1980 or  s p r i n g ,  1981 l a y e r s .  F i g u r e  2 i l l u s t r a t e s  t h e  

r e l a t i v e  s u c c e s s  o f  f a l l  v s .  s p r i n g  a i r - l a y e r i n g  f o r  e a c h  s p e c i e s .  Black 

mangrove d i d  n o t  a i r - l a y e r  wel l  i n  e i t h e r  s e a s o n  ( < 17%),  bu t  r ed  and wh i t e  

mangroves  showed a s i g n i f i c a n t l y  g r e a t e r  r e s p o n s e  when i n i t i a t e d  i n  t h e  

s p r i n g  ( 6 1 . 7  and 85.4%,  r e s p e c t i v e l y ) .  The r o o t i n g  d e p r e s s i o n  o f  r ed  and 

wh i t e  mangrove  f rom t h e  f a l l  p e r i o d  was p r o b a b l y  due t o  c o l d  we a t h e r  s t r e s s  

ove r  t h e  w i n t e r .  In a d d i t i o n  t o  e a s i e r  r o o t i n g ,  wh i t e  mangrove a l s o  had a 

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

e s t a b l i s h m e n t  when removed f rom t h e  t r e e .

Red mangrove ,  on t h e  o t h e r  hand ,  u s u a l l y  p r oduced  r o o t s  t h a t  were 

s i m i l a r  t o  t h e  a e r i a l / p r o p  r o o t s  t h a t  a r i s e  n a t u r a l l y .  O c c a s i o n a l l y ,  

however ,  s e c o n d a r y  and t e r t i a r y  a b s o r p t i v e  r o o t s  were o b s e r v e d ,  i n d i c a t i n g
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F i g u r e  2.  A i r - 1 a y e r  r o o t i n g  r e s p o n s e  o f  t h r e e  F l o r i d a  mangrove s p e c i e s  

d e p e n d e n t  upon s e a s o n  o f  i n i t i a t i o n ;  f a l l  (N=120) ,  s p r i n g  (N=48) .
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t h e  p o t e n t i a l  f o r  p r o d u c i n g  b e t t e r  r o o t i n g  i n  t h i s  s p e c i e s .  Hormonal  

i n h i b i t i o n  of  r o o t  f o r m a t i o n  on r ed  mangrove p r o p a g u l e s  was r e p o r t e d  by 

Larue  and Muzik (1954)  s u g g e s t i n g  t h e  p o s s i b l e  use  of  a n t i - a u x i n  compounds 

f o r  i mpr ov i ng  r o o t i n g  i n  t h i s  and o t h e r  s p e c i e s .

Bl ack  mangrove ,  i n  c o n t r a s t  t o  t h e  o t h e r  two s p e c i e s ,  n e v e r  produced  

s e c o n d a r y  a b s o r p t i v e  r o o t s ,  bu t  r a t h e r ,  o n l y  c o a r s e  p n e u m a t o p h o r e - l i k e  

r o o t s ,  whi ch ,  l i k e  pneu ma t o p h o r e s  (Chapman,  1944) and o t h e r  a e r i a l  r o o t s  

( J e n i k ,  1970;  G i l i  and T o ml i n s o n ,  1977) a r e  p r e s u m a b l y  n o n - a b s o r p t i v e .  

These  r o o t s  may be formed i n  r e s p o n s e  t o  e n v i r o n m e n t a l  s t r e s s e s ,  as 

r e p o r t e d  f o r  b l a c k  mangroves  in Co s t a  Ri ca  i n  r e s p o n s e  t o  h i g h l y  anoxi c

s e d i m e n t s  and i n  Tampa Bay i n  r e s p o n s e  t o  o i l  s p i l l  damage (Sn ed a k e r  e t  

a l . ,  1981) .  In f a c t ,  a b s o r p t i v e  r o o t s  may be d i f f i c u l t  t o  i n d u c e  i n  b l ack  

mangrove due t o  i t s  unus ua l  s t em anatomy.  The phloem i n  b l ack  mangrove ,  

i n s t e a d  o f  o c c u r r i n g  i n  a d i s c r e e t  l a y e r  o u t s i d e  t h e  xylem (wood) as in 

most ,  d i c o t y l e d o n s ,  i s  s c a t t e r e d  t h r o u g h o u t  t h e  wood ( Z a ms k i , 1979).  Thi s  

t y p e  o f  s t em ana tomy,  t e rmed  s u p e r n u me r a r y  phloem,  may n o t  p e r m i t  an 

a c c e p t a b l e  c a l l u s  t i s s u e  e n v i r o n me n t  f o r  r o o t  i n i t i a t i o n .  Al t hough  no 

an a t o mi c a l  i n f o r m a t i o n  on r e d  or  wh i t e  mangrove s t ems  was a v a i l a b l e ,  t he

e a s e  wi t h  which t h e  b a r k  was removed i n d i c a t e s  t h e y  p r o b a b l y  have t he

normal  d i c o t y l e d o n o u s  a r r a n g e me n t  o f  t i s s u e s .

A f t e r  t h e  r o o t e d  a i r - l a y e r s  (1980-81 on l y )  were  removed f rom t h e  t r e e s  

t h e y  were e i t h e r  p l a n t e d  d i r e c t l y  on t h e  s h o r e l i n e  of  Bonne Fo r t u n e  Key or 

p o t t e d ,  based  on a s s i g n m e n t  p r i o r  t o  a i r - I a y e r i n g .  Of t h e  23 r e d ,  21 

w h i t e ,  and s i x  b l a c k  mangrove a i r - l a y e r s  d e s i g n a t e d  f o r  d i r e c t  p l a n t i n g ,  

on l y  one wh i t e  mangrove s u r v i v e d  (I y e a r )  t h e  f i e l d  p l a n t i n g .  Al l  b l ack  

mangrove a i r - l a y e r s  d i ed  w i t h i n  two days  o f  pi a n t i  nq but  most  of t h e  red 

and w h i t e  mangrove a i r - l a y e r s  s u r v i v e d  a t  l e a s t  a week.  Th i s  h i gh  

m o r t a l i t y  was n o t  s u r p r i s i n g  s i n c e  t h o s e  a i r - l a y e r s  not  p l a n t e d  nea r  t he
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h i gh  w a t e r  mark were  un d e r  c o n s i d e r a b l e  i n u n d a t i o n  s t r e s s ;  t h e  one wh i t e  

a i r - 1 aye r  t h a t  d i d  s u r v i v e  was p l a n t e d  c l o s e  t o  t h e  h i gh  w a t e r  mark.

S u r v i v a l  o f  p o t t e d  r e d  and w h i t e  mangrove a i r - l a y e r s  was d i s t i n c t l y  

b e t t e r  t h a n  d i r e c t - p l a n t e d  a i r - l a y e r s .  T h i r t y - t w o  r e d ,  21 w h i t e ,  and II 

b l a c k  mangroves  were p o t t e d  (2:1 m i x t u r e  o f  p e a t : v e r m i c u  l i t e  v / v )  and he l d  

o v e r  w i n t e r  f o r  s p r i n g  p l a n t i n g .  As i n  t h e  d i r e c t  p l a n t i n g ,  b l a c k  mangrove 

s u f f e r e d  t o t a l  m o r t a l i t y  w i t h i n  a few d a y s ;  however ,  f o u r  r e d  and 13 wh i t e  

mangroves  s u r v i v e d  t h e  w i n t e r  d e s p i t e  s e v e r a l  f r e e z e s ,  c o m p e t i t i o n  f rom 

weeds ,  and d e f o l i a t i o n  by p r o c e s s i o n a l  c a t e r p i l l a r s .  Ten wh i t e  and two red 

p o t t e d  a i r - 1 a y e r  s u r v i v o r s  were p l a n t e d  a t  t h e  h i gh  w a t e r  mark i n  May, 1982 

on t h e  same s h o r e l i n e  as t h e  d i r e c t - p l a n t e d  a i r - l a y e r s .  Two days  l a t e r  

o n l y  t h r e e  w h i t e  a i r - l a y e r s  were s t i l l  i n  p l a c e ;  t h e  o t h e r  n i n e  p l a n t s  

a p p a r e n t l y  were  d e s t r o y e d  by r a c o o n s .  Two of  t h e  t h r e e  r e ma i n i n g  p l a n t s  

s u r v i v e d  a t  l e a s t  a y e a r  b e f o r e  dy i ng  due t o  low w i n t e r  t e m p e r a t u r e s  and 

a b n o r m a l l y  h i g h  t i d e s .

R e s u l t s  f r om t h e  modu l a r  a i r - l a y e r i n g  e x p e r i m e n t s  i n  1983 were 

s i m i l a r  t o  t h e  p r e v i o u s  t e c h n i q u e - i . e . , wh i t e  mangrove r o o t e d  b e t t e r  t h an  

b l a c k  mangrove .  However ,  b l a c k  mangrove showed a p o s i t i v e  r e s p o n s e  t o  

a d d i t i o n  o f  o s mo t i c  a g e n t s  and growt h r e g u l a t o r s ,  whereas  t h e  r e v e r s e  was 

t r u e  of  w h i t e  mangrove ( F i g u r e  3 ) .  F u n g i c i d e  and PPZ e f f e c t s  were  not  

r e a d i l y  a p p a r e n t .  The c o n t r a s t i n g  r e s p o n s e  of  b l a c k  and wh i t e  mangrove t o  

chemi ca l  a d d i t i o n s  may s t em f rom t h e i r  d i f f e r e n t  mechani sms f o r  co p i n g  wi t h  

s u b s t r a t e  s a l i n i t y .  Bl ack  mangrove t r a n s l o c a t e s  s a l t  t h r o u g h  t h e  xylem and 

s e c r e t e s  i t  t h r o u g h  t h e  l e a v e s ,  whereas  w h i t e  mangrove b l o c k s  s a l t  

a b s o r p t i o n  a t  t h e  r o o t  s u r f a c e  ( S c h o l a n d e r  e t  a l . ,  1962) .  T h e r e f o r e ,  

a d d i t i o n  o f  o s mo t i c  a g e n t s  may have  a m e l i o r a t e d  t h e  i mb a l a n c e  due t o  t h e  

h y p e r s a l i n e  xylem c o n t e n t s  i n  b l a c k  mangrove .  Because o f  t h e  smal l  sample
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s i z e  (N=20) i n  each t r e a t m e n t ,  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were 

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

mangrove wi t h  a d d i t i o n  o f  o s mo t i c  a g e n t s  a n d / o r  g r o w t h  m o d i f i e r s  was 

a p p a r e n t .  F u r t h e r  r e s e a r c h ,  u s i n g  a d d i t i o n a l  r o o t  p r o m o t i n g  s u b s t a n c e s  

( B o j a r c z u k  and J a n k i e w i c z ,  1975;  Smith and Thorpe ,  1977;  Loeys and Geuns,  

1978) and l a r g e r  s ampl e  s i z e s  may enhance  ou r  a b i l i t y  t o  d i s c e r n  

d i f f e r e n c e s  i n  r o o t i n g  r e s p o n s e  i n  mangroves .

CONCLUSIONS

The goal  of  t h i s  r e s e a r c h  was t o  e v a l u a t e  t h e  f e a s i b i l i t y  o f  a p p l y i n g  

mangrove  a i r - l a y e r s  t o  r e s t o r a t i o n  o f  damaged c o a s t a l  h a b i t a t .  The v a l u e  

o f  u s i n g  a i r - l a y e r s  i s  l i n k e d  t o  t h e i r  p r e s uma b l y  q u i c k e r  e s t a b l i s h m e n t  and 

growth r e s u l t i n g  i n  more r a p i d  s t a b i l i z a t i o n  of  s h o r e l i n e s .  In c o n t r a s t  t o  

s e x u a l l y - p r o d u c e d  p r o p a g u l e s ,  t h e  ma t u r e  t i s s u e  o f  t h e  a i r - 1 a y e r  co u l d  

b e g i n  s h o o t  and r o o t  e x p a n s i o n  s o o n e r .  However,  t h e  r e s u l t s  o f  t h i s  

i n v e s t i g a t i o n  d e m o n s t r a t e  t h a t  t h e  p r o d u c t i o n  o f  a i r - l a y e r s ,  f rom 

i n i t i a t i o n  t o  s u c c e s s f u l  e s t a b l i s h m e n t ,  may r e q u i r e  a t  l e a s t  a f u l l  y e a r .  

T h i s  i s  c u r r e n t l y  o n l y  o b t a i n a b l e  wi t h  w h i t e  mangrove  which forms  an 

a d e q u a t e  r o o t  s ys t em r e l a t i v e l y  q u i c k l y  ( 4 - 6  mos . )  and can be e s t a b l i s h e d  

i n  p o t s  wi t h  minimal  e f f o r t .  At t h i s  t i m e ,  p r o d u c t i o n  of  u s a b l e  b l a c k  

mangrove a i r - l a y e r s  does  n o t  a p p e a r  f e a s i b l e  and,  a l t h o u g h  r ed  mangrove 

ha s  shown some p o t e n t i a l ,  more work i s  needed t o  p r o d u c e  c o n s i s t e n t  and 

s u f f i c i e n t l y  e x t e n s i v e  r o o t i n g  l e v e l s  t o  i n s u r e  s a t i s f a c t o r y  s u r v i v a l  o f  

p o t t e d  p l a n t s .

The v a l u e  of  g e n e r a t i n g  mangrove a i r - l a y e r s  may not  l i e  i n  l a r g e - s c a l e  

r e s t o r a t i o n  o f  mangrove e c o s y s t e m s ,  bu t  r a t h e r ,  i n  two o t h e r  a p p l i c a t i o n s .
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F i r s t ,  s e l e c t i o n  o f  u n i q u e  p h e n o t y p i c  c h a r a c t e r i s t i c s  ( a n a t o m i c a l ,  

m o r p h o l o g i c a l ,  p h y s i o l o g i c a l ,  e t c . )  would be made p o s s i b l e ,  and s ec o n d ,  

i d e n t i c a l  g e n o t y p e s  co u l d  be g e n e r a t e d  f o r  use  i n  e x p e r i m e n t a t i o n .  By 

u s i n g  g e n e t i c a l l y  i d e n t i c a l  i n d i v i d u a l s  ( b a r r i n g  s o m a t i c  m u t a t i o n s )  much of  

t h e  i n h e r e n t  v a r i a b i l i t y  o f  e x p e r i m e n t a l  r e s u l t s  would be r e d u c e d ,  t h e r e b y  

p r o v i d i n g  a more e x a c t  i n t e r p r e t a t i o n  o f  t h e  h y p o t h e s i s  b e i n g  t e s t e d .

In summary,  by u s i n g  more r e f i n e d  methods  of  p r o p a g a t i o n  and c u l t u r e ,  

w h i t e  mangrove a i r - l a y e r s  can  be e f f i c i e n t l y  p r o d u c e d  f o r  s m a l l - s c a l e  

s p e c i a l i z e d  p u r p o s e s ,  b u t  r ed  and b l a c k  mangroves  w i l l  r e q u i r e  c o n s i d e r a b l y  

more i n v e s t i g a t i o n  b e f o r e  c o n s i s t e n t l y  e f f e c t i v e  p r o p a g a t i o n  i s  a t t a i n e d .
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