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ABSTRACT

To determine the extent and pattern of genetic variability in 

wild populations of sweet pecan (Carya illinoensis (Wangenh) K.

Koch), a 4 0 -p aren t o p e n -p o llin a te d  progeny t e s t  was e s ta b lis h e d  

and e v a lu a te d . A d d itio n a l in fo rm atio n  on g erm ina tion  req u irem en ts , 

seed s iz e -s e e d l in g  growth r e la t io n s h ip ,  and n u rse ry  e f f e c t s  was 

a lso  o b ta in ed  d u rin g  th e  co u rse  o f t h i s  s tu d y .

In  1973, seed was c o l le c te d  from 40 pecan t r e e s  s e le c te d  fo r  

growth and form in  S o u th -c e n tra l  L o u is ian a  along th e  M is s is s ip p i 

R iv er. These seed were p la n te d  in  two n u rse ry  lo c a t io n s ;  Baton Rouge, 

L o u is ian a , a  co n v en tio n a l f o r e s t  t r e e  n u rse ry  p la n t in g ,  and Lumberton, 

M is s is s ip p i ,  In  a f i e ld  n u rse ry  s im i la r  to  row c ro p p in g . F i r s t  year 

n u rse ry  r e s u l t s  in d ic a te d  a  v ery  s tro n g  n u rse ry  e f f e c t  on th e  growth 

o f s e e d lin g s , e s p e c ia l ly  ro o t system  developm ent. S eed lings grown 

a t  Lumberton were found to  have much l a r g e r  ro o t system s, in  term s 

o f ro o t le n g th  and d ia m e te r , th an  co rrespond ing  genotypes p lan ted  

a t  th e  Baton Rouge n u rse ry . When th e  fa m ilie s  were o u tp la n te d  in  

th e  second y e a r ,  th e  n u rse ry  e f f e c t  was ev id en t in  s u rv iv a l ,  growth 

i n i t i a t i o n ,  and second y ea r h e ig h t growth.

Progeny te s t in g  was done on th re e  s i t e s ;  Baton Rouge and 

W ashington, L a .,  and Lumberton, M iss. R esu lts  in d ic a te d  a  la rg e  

degree o f  g e n e tic  d iv e r s i ty  w ith in  p o p u la tio n s  o f  pecan . At th e

i x



end o f th e  second growing seaso n , s e v e ra l f a m ilie s  were id e n t i f ie d  

t h a t  were growing w e ll on a l l  th re e  s i t e s .  A lso , th e re  was a high 

degree o f v a r ia t io n  among b reed in g  p o p u la tio n s , in d ic a t in g  th a t  

th e re  may be in b re e d in g  and a c lo s e r  r e la t io n s h ip  among t r e e s  

w ith in  th e se  sm all s ta n d s . G enotype-environm ent in te r a c t io n  was 

determ ined  to  be h ig h ly  s ig n i f ic a n t  between th e  Lumberton ( h i l l  

s i t e )  and Baton Rouge (bottom land s i t e )  progeny t e s t s .  S u rp r is in g ly , 

th e  progeny t e s t  a t  th e  h i l l  s i t e  had th e  b e s t  o v e ra l l  growth r a t e .  

S ev e ra l f a m ilie s  perform ed w e ll in  b o th  bottom land and upland en

v ironm ents In d ic a t in g  a p o te n t i a l  fo r  s e le c t in g  genotypes th a t  

su rv iv e  and grow w e ll on many s i t e s .

H e r i t a b i l i t y  e s tim a te s  fo r  h e ig h t growth a t  th e  end o f  th e  

second y ea r were determ ined  to  be 0 .5 7 -0 .7 4  fo r  broad sense  and 

0 .2 2 -0 .4 1  fo r  narrow  se n se . These e s tim a te s  a re  h igh  enough to  

e f f e c t iv e ly  s e le c t  f o r  t h i s  t r a i t  and enough g e n e tic  v a r ia t io n  i s  

a v a i la b le  to  o b ta in  s ig n i f ic a n t  g e n e tic  g a in s .

The e f f e c t  o f seed s iz e  on f i r s t - y e a r  growth o f se e d lin g s  was 

found to  be h ig h ly  s ig n i f i c a n t ,  b u t t h i s  e f f e c t  had d im in ished  by 

th e  end o f  th e  second y e a r . Pecan germ ination  s tu d ie s  showed th a t  

m o is t, co ld  s to ra g e  ( s t r a t i f i c a t i o n )  fo r  p e rio d s  o f 90 days produced 

b e s t  r e s u l t s .

G e n e ra lly , r e s u l t s  in d ic a te d  th a t  th e re  i s  s u f f i c i e n t  g e n e tic  

d iv e r s i ty  in  pecan to  j u s t i f y  c o n tin u a tio n  and expansion  of b reed ing  

programs to  b e s t  u t i l i z e  th e  n a t iv e  g e n e tic  m a te r ia l  th a t  i s  p re s e n tly  

a v a i la b le .

x



CHAPTER I

INTRODUCTION AND GENERAL LITERATURE REVIEW

Pecan (Carya i l l i n o e n s i s  (Wangenh.) K. Koch), a component of 

th e  bottom land f o r e s t  in  th e  c e n t r a l  U nited  S ta te s ,  I s  p re s e n tly  

one o f th e  most v a lu a b le  hardwood sp e c ie s  i> the  m id -sou th . In 

th e  p a s t  25 y e a rs  pecan has in c re a se d  in  u t i l i t y  and v a lu e  from an 

unwanted commodity to  an ex trem ely  m arketab le  m a te r ia l  f o r  use in  

th e  m anufacture o f  f u r n i tu r e ,  c a b in e ts  and p a n e lin g . However, w ith  

t h i s  in c re a se  in  demand fo r  pecan p ro d u c ts  th e  supply  o f good q u a l i ty  

f o r e s t  t r e e s  w i l l  d ec rease  as m ature s ta n d s  a re  c u t .  For t h i s  reason  

i t  I s  im portan t to  lo c a te ,  s e l e c t ,  and p re se rv e  su p e r io r  m ature 

in d iv id u a l  pecan t r e e s  and s ta n d s .  G enetic  improvement programs 

fo r  pecan must be e s ta b lis h e d  b e fo re  th e  lo g g e r 's  saw removes a l l  

th e  b e s t  m ature phenotypes, a p ro c e ss  which has occurred  w ith  b lack  

w alnut (Ju g lan s  n ig ra  L .) and some sp e c ie s  o f oaks (Quercus s p p .) .

Pecan has a n a tu r a l  range (F ig u re  1) th a t  ex tends from southern  

In d ia n a , I l l i n o i s ,  and Iowa down th e  M is s is s ip p i  R iver to  th e  lower 

p o r tio n  o f L o u is ian a  and westward in to  Texas and Oklahoma w ith  some 

s c a t te re d  o ccu rren ces  In  Mexico (F lack  1970). S i te s  w ith in  th i s  

range a re  l im ite d  p r im a r ily  to  th e  f i r s t - b o t to m  a l l u v i a l  s o i l s  of 

r e l a t i v e ly  re c e n t  o r ig in  (Fow ells 1965). G en e ra lly , th e  sp e c ie s  i s

1



F ig u re  1. N ative  range o f sweet pecan w ith in  th e  U nited S ta te s .



3

found growing on w e ll-d ra in e d  loam s o i l s  no t s u b je c t  to  prolonged 

overflow . However, f lo o d ed  c o n d itio n s  can be to le r a te d  fo r  s e v e ra l  

months in  th e  dormant seaso n .

The sp e c ie s  i s  a m ajor component of th e  Sycamore-Pecan- 

American Elm f o r e s t  cover ty p e  and i t  i s  a s so c ia te d  w ith  a la rg e  

number o f bottom land sp e c ie s  such a s  w illow  (S a lix  n ig ra  M arsh .) , 

sweetgum (Liquidambar s ty r a c i f lu a  L . ) ,  v a rio u s  oaks, su g arb erry  

(C e l t i s  la e v ig a ta  W il ld .) , green ash  (F rax inus pennsy lvan ica H arsh .)  

and o th e rs  (Fow ells 1965). Pecan i s  a s tro n g  in to le r a n t  o r weak 

m id - to le ra n t sp e c ie s  depending on th e  p a r t i c u la r  a s s o c ia t io n . 

C om petition in  th e  f i r s t  th re e  y e a rs  g re a t ly  reduces the  growth 

r a t e  and may c o n tr ib u te  to  m o r ta l i ty .  However, v igo rous pecan 

se e d lin g s  th a t  have been overtopped by weeds w i l l  con tinue to  su rv iv e  

and, when re le a se d  from co m p etitio n , w i l l  g e n e ra lly  grow w e ll .

Pecan t r e e s  a re  u s u a lly  co n sid e red  by th e  p u b lic  as an o rch a rd  

crop grown to  produce e d ib le  n u ts .  The average person  would d e sc r ib e  

a pecan t r e e  as having many branches s t a r t i n g  low to  th e  ground 

w ith  a la rg e , f u l l  crown. This d e s c r ip t io n  a p p lie s  only to  o rch a rd  

grown v a r i e t i e s  which a re  u s u a lly  g r a f te d  and c u ltu re d  to  produce 

t h i s  type  o f crown c o n f ig u ra tio n . The fo res t-g ro w n  tr e e  (F ig u re  2) 

can be a t r u ly  m ag n ificen t specimen reach in g  h e ig h ts  of 55 m and 

d iam eters  o f 1 .8  to  2 .0  m (Fow ells 1965). In w e ll-s to c k ed  s ta n d s  

pecan p runes w e ll and may have th re e  1 6 -fo o t lo g s  b e fo re  th e  f i r s t  

lim b. Growth r a te  i s  r e l a t i v e ly  good, rang ing  from 5 .0  to 6 .4  cm
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F ig u re  2 . F orest-grow n pecan t r e e  r e p re s e n ta t iv e  o f th e  phenotypic 
s e le c t io n s  made in  t h i s  s tu d y .
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p e r 1 0 -y ear p e rio d  w hich, acco rd ing  to  Fow ells (1965), i s  average 

fo r  bottom land hardwoods.

The tim e o f  flo w erin g  of pecan v a r ie s  w ith  l a t i t u d e  and occurs 

between March and May over th e  ran g e . Seed d is p e r s a l  i s  a ls o  v a r i 

ab le  beg inn ing  in  September and ex ten d in g  th rough  December and in to  

Jan u ary . The sp e c ie s  i s  monoecious b u t i s  g e n e ra lly  c ro s s -p o l l in a te d .  

P o llen  i s  wind d issem in a ted  and t h i s  c o n tr ib u te s  to  v a r ia b le  seed 

c ro p s . I f  w eather c o n d itio n s  a re  warm and wet when p o llen  i s  m atu re , 

t h i s  g r e a t ly  reduces th e  e f f e c t iv e n e s s  o f wind tra n s p o r t  o f the  

p o lle n . Seed crops appear to  be c y c l ic ,  w ith  a  good crop every  2 

to  3 y e a rs .

At th e  p re se n t tim e th e re  a re  a number o f e x c e l le n t ,  alm ost 

pure  s tan d s  o f pecan th roughout th e  low er M is s is s ip p i  V alley .

These e x is t  as  a  r e s u l t  o f p a s t  lo g g in g  p r a c t ic e s  where only th e  

sp e c ie s  o f th e  g r e a te s t  th e n -c u rre n t v a lu e  were c u t .  U n til  very  

r e c e n t ly ,  bottom land h a rv e s tin g  p r a c t i c e s  co n cen tra ted  on c u t t in g  

th e  a s s o c ia te s  o f pecan such as sweetgum and su g a rb e rry . A fte r  

s e v e ra l  o f th e se  c u t t in g  c y c le s , pecan rem ained th e  predom inant 

o r ,  in  some c a s e s , th e  on ly  sp e c ie s  s tan d in g  in  c e r ta in  a rea s  

(Adams and T h ie lges 1974). Thus, p a s t  u t i l i z a t i o n  p r a c t ic e s  have 

l e f t  la r g e ,  e x c e l le n t  s ta n d s  o f pecan which a re  now a v a lu a b le  com

m odity f o r  th e  f o r e s t  t r e e  b reed er a s  w e ll a s  th e  lumberman.

Pecan p lay s  a r a th e r  unique r o le  in  bottom land f o r e s t s ,  

se rv in g  as  an e x c e l le n t  tim ber re so u rc e  and a ls o  producing  a
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v a lu ab le  n u t crop . This makes pecan an id e a l  m u ltip le -u se  sp e c ie s . 

In a reas  where pecans a re  abundant, crows, wood ducks, s q u ir r e ls  

and tu rkey  r e ly  h ea v ily  on the  nu t fo r  food. Human consumption of 

th e  n u ts  i s  a lso  o f im portance and, even though the  m a jo rity  o f the 

n a t iv e  pecan n u ts  a re  r a th e r  sm all compared to  commercial "paper- 

s h e l l"  v a r i e t i e s ,  they  have a h igh  o i l  con ten t and a re  very  d e s ir 

ab le  fo r  co n fec tio n s  and bakery p ro d u c ts . Hussein e t a l .  (1967) 

found th a t  pecans had h ig h er n u t r i t io n a l  v a lu e  per c a lo r ie  than 

w alnu t, almond, o r h a z e ln u ts .  Because of th e  d e s i r a b i l i t y  of the 

pecan nu t as food, peop le  c o l le c t  them fo r  added income in  th e  l a t e  

f a l l  and e a r ly  w in te r . Thus, pecan can p rov ide  tim ber, w i ld l i f e  

food and a m arketable n u t crop and because o f t h i s  v e r s a t i l i t y  i t  

i s  very  com patible w ith  th e  m u ltip le -u se  f o re s t  management concept. 

H is to r ic a l ly ,  pecan has been u t i l i z e d  fo r  nut p roduction  fo r 

c e n tu r ie s .  American In d ian  t r ib e s  used th e  n u t o f n a tiv e  t r e e s  as 

a source o f food as w e ll as a medium fo r  b a r te r  w ith  o th e r  t r ib e s  

b e fo re  th e  w h ite  man came. E arly  European s e t t l e r s  qu ick ly  recog

n ized  the pecan as a v a lu a b le  crop , r e a d i ly  a v a ila b le  in  th e  bottom 

land  f o r e s t s ,  and used w ild  pecan crops to  supplement t h e i r  incomes. 

Soon, pecans were shipped to  v a rio u s  c i t i e s  in  the  New World. As 

e a r ly  as th e  l a t t e r  p a r t  of th e  18th  cen tu ry , pecan t r e e s  were being 

p la n te d  in  a re a s  of th e  E aste rn  U nited S ta te s ,  f a r  from th e  n a tiv e  

range . Prominent people such as George Washington and Thomas 

J e f fe rs o n  were among those  in te re s te d  in  c u l t iv a t in g  th e  t r e e  fo r  

n u t crops (F lack  1970 and B rison 1974).
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Because o f th e  v a lu e  and d e s i r a b i l i t y  of pecan a s  a  food so u rce , 

many e a r ly  e f f o r t s  were made to  p ropagate  th e  s p e c ie s . Seed from 

tr e e s  having a p a r t i c u la r ly  d e s ir a b le  n u t were p la n te d  only to  d i s 

cover th a t  th e  t r e e s  d id  n o t "breed t r u e "  and se e d lin g s  were no t 

l i k e  th e  p a re n t t r e e s  in  term s o f nu t q u a l i ty .  The f i r s t  a c tu a l  

p ro g re ss  toward th e  development of to d a y 's  v a r i e t i e s  was made when 

t r e e s  w ith  d e s ir a b le  n u t q u a l i ty  were s e le c te d  and v e g e ta t iv e ly  

p ropagated  by g r a f t in g .  In  th e  f i r s t  q u a r te r  o f  th e  20th  cen tu ry  

c o n tro lle d  c ro sse s  were made on s e le c te d  p a re n t t r e e s  in  an e f f o r t  

to  improve n u t q u a l i ty  (F lack  1970). U sing n a tiv e  s e le c t io n s  and 

c o n tro lle d  c ro sse s  and g r a f t in g ,  new v a r i e t i e s  o f  pecans were de

veloped and made a v a i la b le  fo r  o rchard  p la n t in g .  H o r t ic u l tu r i s t s  

took  an e a r ly  i n t e r e s t  in  develop ing  pecan v a r i e t i e s  fo r  n u t p ro 

d u c tio n  and th e re  a re  now many re se a rc h  i n s t i t u t i o n s  Involved in  

b reed in g  work.

D esp ite  t h i s  in te n s iv e  re se a rc h  and development e f f o r t  in  

o rchard  pecan b reed in g  and c u l tu r e ,  l i k e  most hardwood sp e c ie s  pecan 

has been alm ost com pletely  igno red  in  term s of re se a rc h  on the  

g e n e tic  p o te n t ia l  o f  th e  sp e c ie s  as  a tim b er crop . However, in  the  

l a s t  10 y ea rs  th e re  has been a  r e -e v a lu a t io n  of th e  e c o lo g ic a l  and 

economic p o te n t ia l  o f th e  hardwood f o r e s t  re so u rc e  and many agencies  

a re  now doing re se a rc h  on th e  g e n e tic  improvement of s e v e ra l n a t iv e  

hardwood sp e c ie s  (McKnight 1975) .

There a re  s e v e ra l  reaso n s fo r  th e  c u r re n t  i n t e r e s t  in  th e  g e n e tic  

improvement o f hardwood sp e c ie s  and th e se  apply p a r t ic u la r ly  to  th e
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bottom land hardwood sp e c ie s  o f th e  South, in c lu d in g  pecan. The f i r s t  

i s  th e  red u c tio n  o f th e  t o t a l  hardwood land  b ase  ( i . e . , good bottom 

land  s i t e s )  due to  pow erline  and p ip e l in e  r ig h ts -o f -w a y , in te n s iv e  

a g r i c u l tu r a l  u se , and th e  encroachm ent o f in d u s try  and housing 

a re a s .  A second f a c to r  i s  th e  in c re a se d  demand fo r  and v a lu e  of 

hardwood p ro d u c ts . For example, pecan i s  in  h ig h  demand fo r  use as 

h ig h  q u a l i ty  veneer fo r  p an e lin g  and expensive  f u r n i tu r e .  T h ird , 

th e re  a r e  thousands of bottom land f o r e s t  a c re s  th a t  a re  producing 

f a r  below t h e i r  p o te n t i a l ,  p r im a r i ly  because o f th e  la c k  o f p roper 

f o r e s t  management and e x p lo i ta t iv e  lo g g in g  in  th e  p a s t .  I f  programs 

a re  n o t developed to  p rov ide  g e n e t ic a l ly  improved hardwood p la n tin g  

s to ck  f o r  r e f o r e s ta t io n  of c le a r c u t  s ta n d s , a l t e r n a t iv e  land  uses may 

be sought and th e se  a l t e r n a t iv e s  may be econom ically  and environm ent

a l l y  unsound in  th e  long run .

Of th e  com m ercially im p o rtan t bottom land hardwoods in  th e  South, 

s p e c ie s  such as  cottonwood, a sh , sycam ore, sweetgum and some oaks a re  

c u r re n t ly  in c lu d ed  in  g e n e tic  improvement programs by one o r more r e 

sea rch  o rg a n iz a tio n s . However, th e re  a re  no a c t iv e  program s fo r  th e  

g e n e tic  improvement o f pecan. Because of th e  im portance o f pecan in  

n a tu r a l  bottom land hardwood a s s o c ia t io n s ,  th e  v a lu e  o f i t s  p ro d u c ts , 

and th e  need fo r  improved se e d lin g  s to c k  fo r  r e f o r e s t a t io n ,  a study  

o f  th e  g e n e tic  v a r i a b i l i t y  in  w ild  p o p u la tio n s  of pecan i s  e s s e n t ia l  

as  a f i r s t  s te p  in  th e  development o f an a p p lie d  s e le c t io n  and

b reed in g  program fo r  t h i s  s p e c ie s .
j
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The f in a l  o b je c t iv e  o f  t h i s  work i s  to  develop su p e rio r  f a s t -  

growing v a r i e t i e s  and make th e se  v a r i e t i e s  a v a i la b le  to  s t a t e  and 

p r iv a te  seed o rch ard s  to  be used in  fu tu re  pecan r e f o r e s ta t io n  

program s. Pecan i s  p a r t i c u la r ly  d e s ira b le  in  fu tu re  hardwood 

f o r e s t s  because o f  th e  v e r s a t i l i t y  of th e  sp e c ie s . As p rev io u sly  

n o te d , i t  p ro v id es  e x c e l le n t  w i ld l i f e  food and an in te r im  n u t crop 

as  w e ll as  be in g  a good tim b er s p e c ie s .  A lso, as  th e  va lue  o f the 

wood p roduct co n tin u es  to  in c re a se  th e  p o s s ib i l i t y  fo r  the  use o f 

pecan a s  a  d u a l r o le  t r e e  in c r e a s e s ,  th a t  i s ,  an o rchard  t r e e  fo r  

n u t p ro d u c tio n  b u t a ls o  a t r e e  t h a t  may be h a rv e s te d  as a tim ber 

crop . This system  has been used s u c c e s s fu lly  fo r  b la c k  w alnut and 

th e re  may be p o te n t ia l  fo r  u s in g  su p e r io r  pecan in  t h i s  manner.

The prim ary  o b je c tiv e  o f t h i s  i n i t i a l  study was to  determ ine 

th e  e x te n t and p a t te rn  o f g e n e tic  v a r i a b i l i t y  in  s e le c te d  w ild  pecan 

s tan d s  in  L o u is ian a . A second o b je c t iv e  was to  o b ta in  b a s ic  inform a

t io n  on th e  b io lo g ic a l  req u irem en ts  o f th e  sp e c ie s  fo r  su c c e ss fu l 

seed g erm in a tio n , n u rse ry  c u l tu r e ,  and f i e ld  e s ta b lish m e n t, knowledge 

o f which i s  e s s e n t i a l  to  fu tu re  re se a rc h  e f f o r t s  w ith  pecan. Progeny 

from s e le c te d  t r e e s  were grown a t  two d i f f e r e n t  n u rse ry  lo c a t io n s ,  one 

considered  co n v en tio n a l, th e  o th e r  a  r a th e r  r a d ic a l  approach to  p ro 

ducing f o r e s t  t r e e  s e e d lin g s . Progeny were o u tp la n te d  a t  th re e  lo c a 

t io n s  to  t e s t  th e  perform ance o f  p a re n t t r e e s  and to  e v a lu a te  genotype- 

environm ent in te r a c t io n s .  T r a i t s  which were in v e s t ig a te d  in  th e  f i r s t  

and second growing season were s u rv iv a l ,  h e ig h t grow th, ro o t growth, 

and tim e o f  l e a f  i n i t i a t i o n .
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To accom plish  th e se  o b je c t iv e s ,  s e v e ra l experim ents were de

signed and execu ted  in  a lo g ic a l  p ro g re ss io n . G enetic  v a r i a b i l i t y  

was e s tim a te d  by s e le c t in g  10 p a re n t t r e e s  from each of fo u r n a tu ra l  

s tan d s , which re p re se n ted  fo u r b reed in g  p o p u la tio n s . A ppropria te  

analy ses  o f  seed  and s e e d lin g  c h a r a c te r i s t i c s  were made to  compare 

p a ren t t r e e  p ro g en ies  and b reed in g  p o p u la tio n s  and a r e p l ic a te d  

o p e n -p o llin a te d  progeny t e s t  was e s ta b lis h e d  in  th e  f i e ld  a t  th re e  

lo c a tio n s  to  e v a lu a te  genotype-environm ent in te r a c t io n s .  L abora to ry , 

greenhouse, and n u rse ry  experim ents were conducted to  e v a lu a te  the  

e f f e c ts  o f seed  s iz e  and p re tre a tm e n t on g e rm in a tio n , s u rv iv a l ,  and 

growth, and se e d lin g  s to c k  was grown under two r a d ic a l ly  d i f f e r e n t  

n u rse ry  system s to de term ine th e  e x te n t and d u ra tio n  of e a r ly  en

v iro n m en ta l (n u rse ry ) in f lu e n c e s  on f i e ld  s u rv iv a l  and growth.

The r e s u l t s  o f  th e se  experim ents a re  re p o r te d  in  s e p a ra te  

ch ap te rs  o f  t h i s  d i s s e r ta t io n  (C hap ters I I - I V ) . A summary d isc u s 

s io n  of g e n e t ic  v a r i a b i l i t y  in  pecan and im p lic a tio n s  fo r  s e le c t io n  

and b reed in g  programs i s  p re se n te d  in  C hapter V.



CHAPTER II

SEED TREATMENT AND GERMINATION STUDIES

In tro d u c tio n , and L i te r a tu r e  Review

The purpose o f  n u rse ry  p ro d u c tio n  of t r e e  se e d lin g s  i s  to  supply  

s tro n g , h ea lth y  s e e d lin g s  th a t  emerge from th e  s o i l  q u ick ly  and u n i

form ly . One f a c to r  in flu e n c in g  s u c c e s s fu l  s e e d lin g  p ro d u c tio n  in  many 

f o r e s t  t r e e  sp ec ie s  i s  r e l ie v in g  seed  dormancy. To overcome th e  

problem s r e la te d  to  seed  dormancy, th e  s p e c i f ic  requ irem en ts  f o r  

s to ra g e , tre a tm e n t, and handling  o f  seed must be a sc e r ta in e d  to  

o b ta in  accep tab le  germ ination  and s e e d lin g  grow th.

To produce h ig h e r  and more uniform  germ in a tio n  r a t e s ,  v a r io u s  

s to ra g e  tre a tm e n ts  and s t r a t i f i c a t i o n  methods have been developed 

fo r  in d iv id u a l  s p e c ie s  req u irem en ts . Species such as dogwood 

(Cornus f lo r id a  L .) may re q u ire  60 days exposure to  a m o is t, warm 

environm ent, a n d /o r  immersion In  c o n c en tra ted  s u l f u r ic  a c id  fo r  1 

to  3 h o u rs . At th e  o th e r  end o f  th e  spectrum  i s  b lack  w illow  which 

e x h ib i ts  no dormancy and w il l  r e a d i ly  germ inate  in  12 to  24 hours 

on m o is t sand o r a llu v iu m  (Brinkman 1974). Between th e se  extrem es 

l i e  most t r e e  s p e c ie s ,  and th o se  having  la rg e  seeds g e n e ra lly  r e 

q u ire  wet s t r a t i f i c a t i o n  to  p re se rv e  m o istu re  co n ten t and enhance 

g erm in a tio n .

11
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Krugman e t  a l .  (1974) c l a s s i f i e d  seed in  th re e  groups on the  

b a s is  o f a b i l i t y  to  germ ina te . These a re  (1) non-dorm ant» (2) phy

s io lo g ic a l ly  dormant o r  (3) p h y s ic a lly  dorm ant. A ll seed f a l l  in  

one or a com bination o f th e se  g roups, and pecan and o th e r  Carya 

spp. e x h ib i t  p h y s io lo g ic a l  or embryo dormancy which can g e n e ra lly  

be overcome by co ld  s t r a t i f i c a t i o n  in  a m oist medium a t  33-40 F 

fo r  a  p e rio d  of 30-150 days (Bonner and M aisenhelder 1974). On 

th e  o th e r  hand, some w orkers have found th a t  pecan seed have no 

w e ll-d e fin e d  dormant p e r io d  and w i l l  germ inate any tim e a f t e r  h a rv e s t 

(Anonymous 1960). A lso , p e rso n a l o b se rv a tio n s  in d ic a te  th a t  pecan 

seed  w i l l  germ inate i f  p la n te d  im m ediately a f t e r  they  a re  d isp e rsed  

from th e  t r e e ,  bu t germ ina tion  i s  poor. Amen (1968) concluded th a t  

p h y s io lo g ic a l  dormancy in  h ig h e r  p la n ts  i s  g e n e ra lly  c o n tro lle d  by 

a  b a lan ce  o f growth in h ib i to r s  and prom oters. T his could be an 

ex p lan a tio n  o f  th e  low g e r ra in a b ili ty  o f  pecan seeds th a t  have ju s t  

m atured; th e se  seeds may be undergoing v a r io u s  p h y s io lo g ic a l  changes 

d u rin g  th e  m a tu ra tio n  p ro c e ss .

Another e x p la n a tio n  o f in t r a s p e c i f i c  d if fe re n c e s  in  germ ina

t io n  may be in h e re n t v a r ia t io n  in  degree o f dormancy. Kramer and 

Kozlowski (1960) s ta te d  t h a t  t h i s  phenomenon has been observed in  

Douglas f i r  (Pseudotsuga m e n z ie s ii (Mirb) F ra n c o ), ponderosa p ine 

(P in u s ponderosa Laws), and lo b lo l ly  p in e  (P̂ . ta e d a  L .) which have 

evolved p h y s io lo g ic a lly  d i f f e r e n t  geographic ra c e s  in  term s o f seed 

dormancy. N idolaeva (1967) d is t in g u is h e d  f iv e  groups w ith in  th e
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genus F rax inus in  term s o f germ ination  req u irem en ts ; th e se  d i f 

fe re n c e s  were c o r re la te d  w ith  th e  geographic  d i s t r ib u t io n  of th e  

s p e c ie s .

Whatever th e  dormancy mechanism, i t  i s  g e n e ra lly  accep ted  to  

be b io lo g ic a l ly  advantageous, and e v o lu tio n a ry  p re s s u re s  have r e 

f in e d  th e  mechanisms which cause th e  p ro cess  to  occur ( V i l l i e r s  

1972).

G e n e ra lly , la rg e -se e d e d  sp e c ie s  e x h ib i t  embryo dormancy and 

r e q u ire  c o ld , m oist s t r a t i f i c a t i o n  f o r  optimum germ ina tion  r e s u l t s .  

Vande Linde (1964) found th a t  co ld  s to ra g e  (35F in  wet sand fo r  

40-90 days) was an e f f e c t iv e  method o f t r e a t in g  red  and w hite  oak 

seed to  o b ta in  b e s t  g erm in a tio n . Jones (1962) s tu d ie d  th e  seed 

o f b la ck  w alnut and red  and w hite  oak sp e c ie s  and recommended th a t  

th e se  be s to re d  in  a  m oist medium above th e  f re e z in g  p o in t .  Larsen 

(1963) su b je c te d  seed o f upland and bottom land oak sp e c ie s  to  v a r io u s  

w ate r soak ing  tre a tm e n ts  b u t found r a th e r  poor germ in a tio n .

Many methods have been t r i e d ,  b o th  s to ra g e  and chem ical p re 

tre a tm e n t,  to  enhance th e  germ ina tion  of pecan seed . Seporteu  and 

L ebed ine ts  (1965) su b je c te d  pecan seeds to  v a r io u s  le v e ls  o f u l t r a 

so n ic  waves and found th a t  each tre a tm e n t in c re a se d  f i e ld  germina

t io n  and a lso  promoted e a r l i e r  and more uniform  se e d lin g  emergence. 

L eb ed in e ts  (1971) i r r a d i a t e d  seed w ith  doses o f  ray s  rang ing  from 

555-6000 R. In  t h i s  ran g e , he found th a t  exposures o f from 1000- 

3500 R improved b o th  germ ina tion  and th e  development o f  th e  p la n t .  

However, he  a ls o  found som atic  m utants in  some o f th e  tw o -y ear-o ld
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s e e d lin g s , McHutton and Woodroof (1926) soaked pecan seeds in  

s u l f u r ic  a c id  ( 2 0  s e c ) ,  ammonium hydroxide ( 1 - 1 0  m in ), co ld  w a te r, 

and hot w a te r. T h e ir r e s u l t s  showed n e g a tiv e  e f f e c ts  w ith  s u l f u r ic  

a c id  and h o t w ater tre a tm e n ts  and no e f f e c t s  w ith  ammonium hydroxide 

o r  cold  w ater so ak s . B ilan  and F o s te r  (1970) ap p lie d  f iv e  d i f f e r 

en t chem ical tre a tm e n ts  and found no s ig n i f i c a n t  in c re a se  in  

germ ina tion  over seed  t r e a te d  w ith  d i s t i l l e d  w a te r . However, 

s t r a t i f i c a t i o n  fo r  v a r io u s  le n g th s  o f tim e s ig n i f i c a n t ly  in c reased  

th e  germ ina tion  o f pecan and they  su g g ested  th a t  s t r a t i f y i n g  seed 

could reduce  germ ination  tim e by o n e -h a lf .

Chase (1947) found th a t  b la ck  w alnu t could e i t h e r  be p la n te d  

in  th e  f a l l  o r  h e ld  in  co ld  m oist s to ra g e  u n t i l  s p r in g . He a lso  

found th a t  th e  germ ination  r a t e  was low er in  seeds th a t  were h e ld  

over w in te r  in  a r t i f i c i a l  co ld  s to ra g e  and suggested  th a t  i f  s t r a t i 

f i c a t io n  was to  be done, m oist sand in  th e  outdoors was most e f fe c 

t i v e .  Wahlenberg (1924) r e f e r r e d  to  t h i s  method a s  b e in g  a common 

p r a c t ic e  among nurserym en and f o r e s te r s  which Baldwin (1942) d esc rib ed  

as  " n a tu re 's  way o f  b r in g in g  a f te r - r ip e n in g "  (b reak in g  embryo 

dormancy). Croker and B arton  (1953) were in  d isag reem en t, m ain ta in in g  

th a t  s t r a t i f i c a t i o n  under c o n tro lle d  c o n d itio n s  (such  as  a  r e f r i g e r 

a to r )  i s  su p e r io r  to  ou tdoor tre a tm e n ts .

Bonner and M aisenhelder (1974) recommended c o ld , m oist s to ra g e  

in  a medium such a s  sand fo r  th e  genus Carya and o th e r  la rg e -se ed ed  

s p e c ie s .  Sparks e t  a l .  (1974) used s e v e ra l  s t r a t i f i c a t i o n  p e rio d s  

to  de term ine th e  e f f e c t  o f tim e o f s t r a t i f i c a t i o n  on germ ination  of
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th e  f i r s t  seed , u n ifo rm ity  o f  g e rm in a tio n , and p ercen tag e  germ ina

t io n  o f S tu a r t  pecans (a  common sou thern  commerical v a r i e t y ) .

Seeds were s t r a t i f i e d  in  sand a t  a tem p era tu re  of 34-35F fo r  

0 , 1 , 2 , 4 , 6 , 8 , and 10 weeks. T heir r e s u l t s  show th a t  pecan 

seed germ ination  can be enhanced and more uniform  se e d lin g s  can 

be produced w ith  lo n g er p e r io d s  o f  s t r a t i f i c a t i o n .

Madden and T isd a le  (1975) compared th e  e f f e c t s  o f c h i l l in g  

seeds in  m o ist p ea t moss w ith  s to r in g  seeds in  dry co ld  s to ra g e  

fo llow ed by a 3-day w ater soak . They found th a t  c h i l l in g  a lone  

had th e  same g e n e ra l e f f e c t  as s t r a t i f i c a t i o n .  They concluded th a t  

th e  p o s i t iv e  e f f e c t s  o f  s t r a t i f i c a t i o n  and co ld  s to ra g e -w a te r  soak 

were more pronounced a s  p e r io d s  o f tre a tm e n t in c re a se d  from 0 - 1 2  

weeks.

Because th e  p u b lish ed  r e s u l t s  of s tu d ie s  ap p ly ing  v a r io u s  

tre a tm e n ts  to  pecan seeds have been r a th e r  in c o n c lu s iv e  and, in  

some cases c o n tra d ic to ry , an experim ent was i n i t i a t e d  to  e v a lu a te  

a v a r ie ty  o f  tre a tm e n ts  on a  uniform  sample o f seed . This e x p e r i

ment a lso  te s te d  th e  h y p o th e s is  th a t  a so u th e r ly  seed sou rce  may 

n o t have embryo dormancy and th e re fo re  s t r a t i f i c a t i o n  tre a tm e n ts  

a re  in e f f e c tu a l .

Methods and P rocedures

The germ ination  s tudy  was conducted a s  two se p a ra te  experim ents 

which a re  d es ig n a ted  a s  Experim ents A and B. A ll pecan seeds were 

c o l le c te d  from th e  ground and no d isc o lo re d  o r  damaged seeds o r seeds 

rem ain ing  in  th e  husk were in c lu d ed  in  th e  c o l le c t io n s .
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Experiment A. Seeds were c o l le c te d  in  November 1973 from  w ild 

pecan t r e e s  lo c a te d  on R accourci I s la n d  in  s o u th -c e n tra l  L o u is ian a  

(F ig u re  3 ) . C o lle c tio n  t r e e s  w ere s e le c te d  a t  random and 50-75 

seeds were tak en  from each o f 30 t r e e s .  These seeds were b u lk ed  

and mixed to  o b ta in  one la rg e  homogeneous sample o f pecans. The 

seeds were th en  d iv id ed  in to  l o t s  o f 1 0 0 , p laced  in  paper b a g s , 

and s to re d  a t  norm al room te m p e ra tu re .

S t r a t i f i c a t i o n  or s to ra g e  tre a tm e n ts  a p p lie d  were:

Wet sand (2-5C) fo r  30, 60, and 90 days;

Dry s to ra g e  (2-5C) f o r  30, 60, and 90 days;

Cold w ater soak (2-5C) f o r  5 , 10, and 15 days;

Room tem peratu re  (24C) w ater soak f o r  5 , 10, and 

15 days;

Acid (I^SO^) soak fo r  10, 20, and 30 m inutes;

Dry s to rag e  (2-5C) f o r  60 days w ith  w ater soak fo r  

1 0  days;

C o n tro l (u n trea ted -ro o m  te m p e ra tu re ) .

The t a r g e t  d a te  fo r  p la n t in g  was 1 A p ril 1974, and a t  ap p ro p ri

a te  in te r v a ls  ( i . e . ,  b eg in n in g  90 days b e fo re  1 A p r i l) ,  seed s  to  

be s t r a t i f i e d  were p laced  in  th e  p a r t ic u la r  medium o f s t r a t i f i c a 

t io n .  Four m il p o ly e th y len e  bags were used to  co n ta in  th e  sand  

s t r a t i f i c a t i o n  and dry s to ra g e  tre a tm e n ts  and la b o ra to ry  b e a k e rs  

were used f o r  th e  soak tre a tm e n ts .  D i s t i l l e d  w ater was used  and a l l  

sand was h e a t - s t e r i l i z e d  a t  180C fo r  12 h o u rs .
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- Rnccourci Island
- Durango
- Washington, La.
- Baton Rouge, La.
-  Lum berton, M iss.

1

\

F ig u re  3. L o c a tio n  o f  p ecan  seed c o l l e c t i o n  a r e a s ,  n u r s e r i e s ,  and 
o u tp la n t in g  s i t e s .
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Seeds were p la n te d  1 A p ril 1974 in  p l a s t i c  germ inating  t ra y s  

f i l l e d  w ith  v e rm lc u li te .  Seeds were p la n ted  1 in ch  below th e  s u r 

fa c e , 100 seeds p e r  t r a y .  Trays were p laced  in  a  greenhouse and 

arranged  in  a  com ple te ly  random manner. Ho a r t i f i c i a l  h e a t was 

used. W ater was a p p lie d  when th e  top  1 inch  o f v e rm ic u li te  became 

d ry , and th e  medium su rround ing  th e  seed was kep t c o n tin u a lly  m o is t.

Experiment B. Seeds were c o l le c te d  in  1974, from w ild  pecan 

t r e e s  lo c a te d  a t  Durango, southw est of N atchez, M is s is s ip p i ,  in  

th e  M is s is s ip p i R iv er flo o d  p la in  (F igu re  3 ) , o r about 60 m iles 

n o r th  o f  th e  c o l le c t io n s  in  Experim ent A. The same s to ra g e  and 

s t r a t i f i c a t i o n  tre a tm e n ts  were a p p lie d , w ith  th e  ex cep tio n  of th e  

a c id  soak and 60-day co ld  dry  s to ra g e  w ith  10 day w ate r soak . A ll 

seeds were p la n te d  on 1 A p ril 1975.

In  both  ex p erim en ts , t r a y s  were checked a t  5-day in te r v a ls  fo r  

germ ination  and, once th e  seeds began to  germ ina te , a count was made 

every  th re e  days. A seed  was co n s id e red  germ inated when th e  plum ule 

was f i r s t  observed . T h is  p rocedure  was fo llow ed fo r  60 days a t  

which tim e th e  s tu d y  was te rm in a ted .

The r e s u l t s  o f  th e se  experim en ts were e v a lu a te d  by u sin g  a 

form ula developed by C zabator (1962) which q u a n t i f ie s  germ inative 

energy by combining speed  and com pleteness o f g e rm in a tio n . Combining 

both  speed and com pleteness o f germ ination  in to  a com posite s c o re , 

term ed "g erm in ativ e  v a lu e " , e l im in a te s  th e  need o f  s u b je c tiv e  i n t e r 

p r e ta t io n  o f g erm in a tio n  t e s t s .  In  o rd e r to  o b ta in  th e  g erm ina tive  

va lu e  (GV), th e  fo rm u la , GV = MDG x PV was used where:
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MDG = percentage of full seed at end of test, divided by the 

number of days to the end of the test; 

and PV - the mean daily germination of the most vigorous

component o f th e  seed l o t ,  a  m athem atical ex p ress io n  

of th e  b reak  o f  th e  sigm oid curve re p re s e n tin g  a  ty p ic a l  

course o f  germ ina tion  (F ig u re  4 ) .

R e su lts  and D iscussion

G erm ination resp o n se  v a r ie d  from trea tm en t to  tre a tm e n t and 

from y ea r to  y ea r (T ables 1 and 2 ) . In  bo th  s tu d ie s ,  th re e  seed 

tre a tm e n ts  were c o n s is te n t ly  h ig h e r  in  germ ina tive  v a lu e . These 

w ere, in  o rd e r  of b e s t  perform ance: Wet sand (2-5C) fo r  90 days,

wet sand (2-5C) fo r  60 days, and w ater soak (24C) fo r  10 days. In 

both  experim en ts, th e  wet sand (60 and 90 days) and th e  w ater soak 

(10 days) were c o n s is te n t ly  h ig h e s t  in  ran k in g . The co ld  w ater soak 

(10 days) v a r ie d  between y e a rs , be in g  very  e f f e c t iv e  in  Experiment 

B bu t c o n s id e ra b ly  l e s s  e f f e c t iv e  (though s t i l l  s u p e r io r  to  the 

c o n tro l)  in  Experim ent A.

The rem ain ing  tre a tm e n ts  showed v a r ia b le  r e s u l t s .  In  Experiment 

A, a l l  tre a tm e n ts  ex cep t th e  a c id  were su p e rio r  to  th e  c o n tro l w ith  

some sam ples having r e l a t i v e ly  h ig h  germ inative  v a lu e s  compared to  

th e  c o n tr o l .  T his was n o t t r u e  in  Experiment B th e  fo llow ing  y e a r , 

when th e  c o n tro l  perform ed as  w e ll o r  b e t t e r  th an  some o f th e  

average tre a tm e n ts , a lth o u g h  between th e  c o n tro l  and th e  n ex t th re e  

tre a tm e n ts  th e re  was l i t t l e  d if f e re n c e  in  g erm ina tive  v a lu e  o r p e rcen t 

g e rm in a tio n , in d ic a t in g  l i t t l e  e f f e c t  o f th e se  tre a tm e n ts .
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Table 1 . R e su lts  o f s t r a t i f i c a t i o n s  and seed tre a tm e n ts  on pecan 
seed c o l le c te d  in  th e  f a l l  o f  1973 (Experim ent A).

T reatm ent
Mean D aily  
G erm ination

Peak
Value

P ercen t
G erm ination

G erm inative
Value

Wet sand (2-5C) -  90 days 1.03 2.46 62.0 2.53
Wet sand (2-5C) -  60 days 1 . 1 0 1 .70 70.9 1.87
H2 O soak (24C) -  10 days 1 . 2 0 1.48 72.0 1.78
H2 O soak (24C) -  15 days 1 .03 1 . 6 8 62,0 1 .73
Dry s to ra g e  (2-5C) -  60 days

w ith  H2 O soak (24C) -  10 days 0.88 1.29 53.0 1.14
Wet sand (2-5C) -  30 days 1.25 0 . 8 6 48.4 1.07
H2 O soak (2-5C) -  15 days 0.83 0 . 8 6 54.3 0 .71
Dry s to ra g e  (2-5C) -  30 days 0 .77 0.83 54 .7 0 .64
Dry s to ra g e  (24C) -  60 days 0.73 0.74 46.3 0.54
H2 O soak (24C) -  5 days 0 .63 0.55 48 .7 0.35
Dry s to ra g e  (2-5C) -  90 days 0 .63 0.56 42.6 0.35
H2 O soak (2-5C) -  10 days 0.65 0.53 47.5 0.34
H2 O soak (2 -5 C) -  5 days 0.60 0.51 6 6 . 6 0.31
C o n tro l (no tre a tm e n t) 0 .62 0.45 46 .8 0.28
H2 SO4  tre a tm e n t ( 1 0  min) 0 .23 0.05 13 .0 0.05
H2 SO4  tre a tm e n t ( 2 0  min) 1 .13 0.38 8 . 0 0.05
H2 SO4  tre a tm e n t (30 min) 0.08 0.14 4 .7 0 . 0 1
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T able 2 . R e s u lts  o f  s t r a t i f i c a t i o n s  and seed tre a tm e n ts  on pecan 
seed c o l le c te d  In  th e  f a l l  o f  1974 (Experim ent B ).

Mean D ally Peak P ercen t G erm inative 
Treatm ent G erm ination Value G erm ination Value

Wet sand (2-5C) -  90 days 1.61 2.25 90 3.62
Wet sand (2-5C) -  60 days 0 . 8 8 1.27 49 1 . 1 1
H2 O soak (2-5C) -  10 days 0.98 1 . 0 2 55 1 . 0 0
H2 O soak (24C) -  10 days 0.80 1 . 0 0 45 0.80
C ontro l (no tre a tm e n t) 0.82 0.93 46 0.76
Dry s to ra g e  (2-5C) -  60 days 0.82 0.93 46 0.75
Dry s to ra g e  (2-5C) -  90 days 0.84 0.87 47 0 .73
H2 O soak (2 -5 C) -  15 days 0 .73 0 . 8 8 41 0 .64
H2 O soak (24C) -  15 days 0.80 0.71 45 0.57
Dry s to ra g e  (2-5C) -  30 days 0.71 0.77 40 0.55
H2 O soak (24C) -  5 days 0.64 0 . 6 8 36 0.44
H2 O soak (2-5C) -  5 days 0.61 0 . 6 8 34 0.41
Wet sand (2-5C) -  30 days 0.57 0.57 32 0.33
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Experim ent A con ta ined  th re e  tre a tm e n ts  w ith  s u l f u r ic  ac id  

which had a n e g a tiv e  e f f e c t  on g e rm in a tio n . T o ta l germ ination  fo r 

th e  b e s t a c id  trea tm en t (10 m inutes) was o n ly  13 p e rc e n t, f a r  below 

a l l  th e  o th e r  tre a tm e n ts . A pparen tly , th e  a c id  p e n e tra te d  th e  seed 

coat and damaged th e  embryos. For t h i s  re a so n  a c id  tre a tm en ts  were 

n o t inc luded  in  Experiment B.

In n u rs e ry  p r a c t ic e ,  th e  d e s ire d  r e s u l t  i s  a uniform , ra p id ly  

g erm in a tin g , v igo rous group o f  s e e d lin g s , and th e  germ inative  va lue  

i s  the  key to  determ in ing  th e  most e f f e c t iv e  method of t r e a t in g  

pecan seed to  ach ieve th e se  r e s u l t s .  In  s e v e ra l  cases (Tables 1 

and 2 ) th e r e  were tre a tm e n ts  hav ing  h ig h  p e rcen tag e  germ ination  bu t 

th e se  were r a t e d  lower because  o f  the low er germ inative  v a lu e  in  

comparison to  o th e r  t re a tm e n ts . For exam ple, in  Experiment A, 

co ld  wet sand (90 days) had a germ ination  p e rc e n t of 62.0 and co ld  

w ater soak (5 days) had a germ ination  p e rc en ta g e  o f 6 6 , 6 . However, 

when ranked acco rd in g  to  th e  germ in a tiv e  v a lu e , th e  wet sand s t r a t i 

f ic a t io n  was th e  b e s t tre a tm e n t w ith  a  g e rm in a tiv e  va lue  o f 2 .5 3 , 

w hile  th e  c o ld  w ater soak was ranked 14 th  w ith  a germ ina tive  v a lu e  

o f  0 .31 . The use  of g erm in a tio n  p e rcen tag e  a lone  as the b a s is  fo r  

s e le c t in g  th e  b e s t  tre a tm e n t method would have p laced  a f a r  in f e r io r  

trea tm en t ahead  o f the one th a t  a c tu a l ly  produced th e  b e s t r e s u l t s  

from a p r a c t i c a l  n u rse ry  p ro d u c tio n  s ta n d p o in t .

In b o th  experim en ts, i t  was ev id en t t h a t  co ld  wet sand 

s t r a t i f i c a t i o n  fo r  90 days was th e  s u p e r io r  tre a tm e n t. Seed 

t r e a te d  in  t h i s  manner germ inated  e a r l i e r ,  and com plete germ ination
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was o b ta in ed  in  a s h o r te r  span o f tim e. In some o f th e  le s s  e f f e c 

t i v e  tre a tm e n ts , seeds were s t i l l  g erm ina ting  when th e  study was 

te rm in a ted . In  p r a c t i c e ,  seeds p la n te d  w ith  no s t r a t i f i c a t i o n  or 

w ith  one o f th e  l e s s  e f f e c t iv e  tre a tm e n ts  m ight r e s u l t  in  g r e a t ly  

delayed  and i r r e g u la r  g e rm in a tio n , th u s  exposing th e  seed to  a 

lo n g er p e rio d  o f tim e d u rin g  which damage m ight occur and producing  

a very  non-uniform  s ta n d  o f s e e d lin g s . S eed lin g s  which germ inate
1 i

a month o r more l a t e r  than  o th e r s  w i l l  be sm a lle r  and p h y s io lo g ic a lly  

i n f e r i o r  a t  l i f t i n g  tim e.

S t r a t i f i c a t i o n  in  co ld  wet sand fo r  60 days was th e  n ex t most 

e f f e c t iv e  tre a tm e n t. There i s  no r e a l  advan tage , however, to  sh o rte n  

t h i s  tre a tm e n t because th e  a d d i t io n a l  gain  in  germ ina tive  v a lu e  o f 

an a d d i t io n a l  30-day s t r a t i f i c a t i o n  p e rio d  would more th an  j u s t i f y  

th e  e x tr a  s to ra g e  tim e , once th e  seeds a re  p rep ared  fo r  s t r a t i f i c a 

t io n .

The two tre a tm e n ts , co ld  and room tem pera tu re  w ater soaks 

( 1 0  d a y s ) , were more e f f e c t iv e  th an  th e  c o n tro l  b u t very  i n f e r io r  

to  th e  co ld  sand s t r a t i f i c a t i o n .  An in c re a se  in  bo th  speed and 

com pleteness o f germ ina tion  can be o b ta in ed  u sin g  th e se  tre a tm e n ts , 

and s to ra g e  space re q u ire d  and w eight o f dry  s to re d  pecans i s  much 

l e s s  than  th a t  o f seed  s to re d  in  wet sand. Because of t h i s ,  th e  

nurserym an s to r in g  la rg e  numbers o f  seed w ith  l im ite d  space cou ld  

use th e  w ater soak methods to  in c re a se  g erm in a tiv e  va lue  of th e  

seed . A pparen tly , by soak ing  th e  seed , enough w ater i s  imbibed to  

s tim u la te  g erm in a tio n , which probab ly  i s  why t h i s  trea tm en t was more
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e f f e c t iv e  than the  c o n tro l where th e  seed beg ins to  imbibe w ater 

from th e  s o i l  only  a f t e r  p la n t in g .

When th e  pecan seed " r ip e n s"  o r m atures on th e  t r e e ,  a d ry ing  

p ro cess  tak es  p lace  r e s u l t in g  in  s e p a ra tio n  o f th e  husk follow ed by 

the  f a l l  of the seed (nu t) from th e  t r e e .  This dry ing  o r m a tu ra tio n  

of th e  seed a p p a re n tly  t r ig g e r s  dormancy as a  r e s u l t  o f changing 

th e  a c t i v i t i e s  o f v a r io u s  growth in h ib i to r s  and prom oters (Amen 

1968). Norm ally, th e se  seeds w i l l  be su b je c te d  to  n a tu r a l  s t r a t i 

f i c a t io n  in  th e  m oist l i t t e r  on th e  f o r e s t  f lo o r  fo r  p e r io d s  o f 

up to  150 days. E c o lo g ic a lly , t h i s  i s  an e f f e c t iv e  system  because 

seeds th a t  d issem in a te  e a r ly  in  th e  f a l l ,  u n le ss  they  a re  dormant, 

might germ inate when tem pera tu re  and m o istu re  c o n d itio n s  a re  ade

q u a te , on ly  to  be su b je c te d  to  h a rsh  w in te r  w eather c o n d itio n s  a t  

a very  ten d er s e e d lin g  s ta g e . Thus, because o f dormancy, pecan seeds 

germ inate  in  th e  sp r in g  and a re  a b le  to  grow under more advantageous 

c o n d itio n s .

The a b i l i t y  o f pecan to  germ inate  i s  a p p a re n tly  c lo se ly  r e la te d  

to  th e  m o istu re  co n ten t o f th e  seed  and th e  seed w i l l  n o t germ inate 

u n t i l  adequate  m o is tu re  co n ten t i s  ach iev ed . Cold s to ra g e  a lone  

w i l l  n o t in c re a se  g erm ina tion ; th e r e  must be m o istu re  in  a d d itio n  

to  c h i l l in g  to  a c t iv a te  th e  m e tab o lic  p ro cesses  o f  growth i n i t i a t i o n .  

This i s  dem onstrated very  w e ll in  T ables 1 and 2 where th e  cold dry 

s to ra g e  samples perform ed p o o rly  and g e n e ra lly  n o t as w e ll as  th e  

c o n tro l .  The w ater soaks, b o th  co ld  and norm al tem p era tu re , were 

more e f f e c t iv e .



26

In. th e se  germ ina tion  ex p erim en ts , th e  co ld  wet sand s t r a t i 

f ic a t io n  tre a tm e n ts  c lo se ly  d u p lic a te  th e  n a tu r a l  co n d itio n s  du ring  

th e  w in te r .  Tem perature and th e  number o f days th a t  th e  seeds w il l  

be s u b je c te d  to  th e  tre a tm e n t can be c o n tro lle d . This i s  a good, 

f e a s ib le  tre a tm e n t f o r  th e  commercial nurserym an.

In  summary, tim e o f s t r a t i f i c a t i o n  and m aintenance of a m oist 

medium a re  a p p a re n tly  th e  keys to  op tim al g e rm in a tio n . I f  adequate 

f a c i l i t i e s  a re  a v a i la b le  and tim e p e rm its , th e  most e f f e c t iv e  

s to r a g e / s t r a t i f i c a t i o n  method would be cold  wet sand fo r  90 days 

o r  perhaps lo n g e r. I f  tim e o r  s to ra g e  space i s  a  problem , then  

co ld  d ry  and soak ing  th e  seeds in  w ater p r io r  to  p la n tin g  w i l l  p ro 

duce b e t t e r  r e s u l t s  th an  no tre a tm e n t.

A lso , i t  i s  ap p aren t th a t  pecan seeds from so u th ern  o r ig in s  

a re  c h a ra c te r iz e d  by some degree o f  embryo dormancy. This dormancy 

can be re l ie v e d  th ro u g h  a p p l ic a t io n  o f th e  above tre a tm e n ts .



CHAPTER III

SEED SIZE AND NURSERY TREATMENT EFFECTS ON 

SURVIVAL AND GROWTH

Introduction and Literature Review

Most sou thern  hardwood p la n tin g  s to ck  i s  o n e -y e a r-o ld , b a re -  

ro o ted  n u rse ry  grown seed lin g s  (Turner 1970), and th e se  seed lin g s  

must be ab le  to  w ith stan d  th e  com petitive  p re ssu re  o f weeds, g ra sse s , 

and o th e r  v o lu n tee r t r e e  s e e d lin g s . The f i r s t  two y ears  a re  gener

a l l y  th e  most c r i t i c a l  p e rio d . For t h i s  reaso n , th e  la r g e r ,  more 

v igorous the se e d lin g s , bo th  in  shoot and ro o t grow th, th e  g re a te r  

a re  th e  chances fo r  su rv iv a l  and subsequent growth.

There a re  se v e ra l f a c to r s  th a t  g re a t ly  In flu en ce  th e  su c c e ss fu l 

p roduction  of la rg e ,  h e a lth y  se e d lin g s . These can be c la sse d  in to  

th re e  g en era l groups: (1 ) environm ental in f lu e n c e s , (2 ) g e n e tic

in flu e n c e s  and (3) c u l tu r a l  In flu e n c e s . Two fa c to rs  o f p a r t ic u la r  

i n t e r e s t  in  t h i s  study a re  th e  e f f e c t  o f seed s iz e ,  which i s  de

pendent on th e  genotype as  in flu en ced  by environm ent, and th e  e f f e c t  

o f c u l tu r a l  p r a c t ic e s  in  two d i f f e r e n t  n u rse ry  lo c a tio n s  on pecan 

se ed lin g  s iz e  and f ie ld  perform ance.

Much work has been done on th e  e f f e c t  o f seed s iz e  on subsequent 

se ed lin g  growth fo r  many sp e c ie s . Oexemann (1942) found th a t  th e

27
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im portance of seed w eight i s  g r e a te s t  du rin g  th e  e a r ly  s ta g e s  o f  

p la n t  grow th. In  h is  work w ith  tom atoes, cucumbers, and soybeans 

he found th a t  p la n ts  r e s u l t in g  from l ig h t e r  seed had slow er I n i t i a l  

grow th. Kaufmann and McFadden (1963) found th a t  b a r le y  from la rg e  

seed  produced b e t t e r  g ra in  than  th a t  r e s u l t in g  from sm all seed .

Bremmer e t  a l .  (1963) found th a t  embryo s iz e  in  wheat had a n e g l ig ib le  

e f f e c t  on growth w h ile  endosperm s iz e  had a  co n s id e ra b le  e f f e c t .

They suggested that the relationship between seed size and plant 

size is governed by the amount of reserve food material present in 

the seed.

In  f o r e s t r y  re se a rc h , Spurr (1944) found th a t  h e a v ie r  seed o f 

e a s te rn  w h ite  p in e  (P_. s tro b u s  L .) germ inated e a r l i e r  and th a t  

s e e d lin g s  from h e av ie r  seed su rv iv ed  in  g r e a te r  p ro p o rtio n  than  

th o se  from l i g h t e r  seed . He a lso  no ted  v a r ia t io n  due to  geographic 

o r ig in  o f  seed and th a t  th e  e f f e c t  o f seed w eight d im inished b u t was 

s t i l l  s ig n i f ic a n t  a f t e r  th re e  y e a rs . R ig h te r (1945) found th a t  

seed  w eight o f  v a r io u s  p in e s  was p o s i t iv e ly  c o r re la te d  w ith  s e e d lin g  

s iz e  b u t n o t w ith  in h e re n t v ig o r  and th a t  th e  e f f e c t  o f seed s iz e  

was n o t l a s t i n g  r e g a rd le s s  o f th e  s iz e .  He a lso  concluded th a t  

s e le c t io n  on th e  b a s is  o f  seed s iz e  i s  g e n e t ic a l ly  in e f f e c tu a l .  

S houlders (1961) found th a t ,  in  g e n e ra l, la rg e  s la s h  p ine  seeds 

germ inated  f a s t e r  and more com pletely  than  sm all seeds and produced 

se e d lin g s  whose i n i t i a l  growth was g r e a te r .  Sm all, medium, and 

la rg e  seeds were found to  germ inate  e q u a lly . Somewhat s u rp r is in g ly ,  

he found medium seed produced th e  la r g e r ,  b e t t e r  s e e d lin g s . Seed
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s iz e  was found to  have no l a s t i n g  e f f e c t  on so u th  F lo r id a  s la sh  p ine 

se ed lin g s  (Bethune and Langdon 1966).

K orstian  (1927) did some e a r ly  work w ith  s e e d -s iz e  r e l a t io n 

sh ip s  in  oaks and he found heavy acorns p o ssessed  g re a te r  germ ina

t i v e  c a p a c ity  and th a t  th e  r e s u l t in g  se e d lin g s  showed g re a te r  

r e s is ta n c e  to  in ju r io u s  env ironm ental in f lu e n c e s .  He r e la te d  t h i s  

to  th e  g r e a te r  q u a n ti ty  of re se rv e  food m a te r ia ls  con ta ined  in  th e  

aco rn . In 1933, P erry  and Coover concluded th a t  s iz e  of f r u i t  in  

w h ite  ash  (F rax in u s  am ericana L .) and yellow  p o p la r  (L iriodendron  

tu l i p i f e r a  L .) was a poor in d ex  o f q u a l i ty  b u t th a t  w eight i s  

roughly  p ro p o r tio n a l  to  g erm in a tiv e  energy and se ed lin g  v ig o r .

McComb (1934) found th a t  v a r i a t io n  in  s e e d lin g  s iz e  o f  ch es tn u t 

oak (Quercus p r in u s  L .) showed a  c lo se  c o r r e la t io n  w ith  acorn w eigh t.

J a rv is  (1963), in  h is  work w ith  s e s s i l e  oak (Q* s e s s i l i f l o r a  

S a l i s b . ) ,  found th a t  th e  r e l a t i v e  growth r a t e s  o f th e  se e d lin g s  

were independent o f acorn s iz e  and o r ig in  b u t th e  s iz e  of th e  seed 

l in g s  a t  tim e o f l i f t i n g  was l in e a r ly  r e la te d  to  acorn s iz e ,  th u s  

in d ic a t in g  th e  g re a t  im portance of acorn s iz e  on f i r s t  sea so n ’s 

growth. A ll th e  co ty ledons were exhausted a f t e r  one s e a so n 's  growth 

in  t h i s  s tu d y . Madden (1975) in d ic a te d  th a t  w eight had no in flu e n c e  

on germ ination  o r  seed lin g  v ig o r  in  improved v a r i e t i e s  o f pecan.

Most o f th e  p rev ious work in d ic a te s  t h a t  seed s iz e  has a  p o s i

t i v e  e f f e c t  on growth, bu t t h i s  p o s it iv e  e f f e c t  i s  lim ite d  to  th e  

f i r s t  y ea r , p r im a r ily  due to  exhaustion  o f food re se rv e s  in  th e  seed.
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The e f f e c t s  o f environm ent and c u l tu r a l  p r a c t ic e s  on th e  p ro 

d u c tio n  of n u rse ry  se e d lin g s  has been in v e s tig a te d  p r im a r ily  from 

th e  s tan d p o in t o f f e r t i l i z a t i o n  l e v e l s ,  m aintenance of good s o i l  

t e x tu r e ,  and s to ck in g  le v e l s .  G en era lly , f o re s t  t r e e  n u rsery  

s i t e s  a re  chosen u s in g  e s ta b l is h e d  recommendations such as th o se  

o u tl in e d  by Wakeley (1954), and most re se a rc h  has been conducted on 

v a r io u s  le v e ls  o f  se e d lin g  p ro d u c tio n  w ith in  one n u rse ry  a re a .

Abbott and E liaso n  (1968) sampled 129 f o r e s t  n u r s e r ie s  and found 

th a t  m aintenance o f pH, f e r t i l i t y ,  and c o n tro l l in g  com paction were 

th e  m ajor concerns in  se e d lin g  p ro d u c tio n .

Armson e t  a l .  (1963) found th a t  red  p ine  (P . r e s in o s a  A i t . ) , 

w h ite  p in e , b lack  spruce (P icea  m ariana M ille r)  and w hite  spruce 

(P . g lau ca  (Moench) Voss) a l l  responded fav o rab ly  when d i f f e r e n t  

f e r t i l i z e r  a p p lic a t io n s  were made in  th e  n u rse ry . They found th a t  • 

th e  e a r l i e s t  a p p lic a t io n  had th e  g r e a te s t  p o s i t iv e  s e e d lin g  resp o n se . 

S w itzer and Nelson (1963) used v a r io u s  le v e ls  o f  sowing d e n s ity  

and f e r t i l i z e r  a p p l ic a t io n  in  th e  n u rse ry  and checked perform ance 

o f lo b lo l ly  p in e  se e d lin g s  fo r  th re e  y ea rs  a f t e r  o u tp la n tin g . They 

found t h a t  t o t a l  h e ig h t a t  th e  end o f th re e  y e a rs  In c reased  w ith  in 

c re a s in g  f e r t i l i t y  and d ec reas in g  d e n s ity . They a ls o  no ted  th a t  

t o t a l  h e ig h t growth was r e l a t e d  to  such seed lin g  c h a ra c te r s  as 

s iz e  and n itro g e n  co n ten t a t  th e  tim e o f l i f t i n g .  V oigt and Wilde 

(1963) r a is e d  ja c k  p in e  (P̂ . banksiana  Lamb.) and w h ite  spruce in  

s o i l s  t r e a te d  w ith  v a r io u s  chem ica ls , m in era l f e r t i l i z e r s ,  and la y e rs  

o f humus from hardwood/hemlock s ta n d s . A fte r fo u r y e a rs  of o b se rv a tio n s
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they  concluded th a t  th e re  was no c le a r  r e la t io n s h ip  between seedbed 

tre a tm e n ts  and f i e ld  perform ance in  th e  e a r ly  growth of t r e e s  be ing  

s tu d ie d .

S w itzer and Nelson (1967) d id  a q u ite  e x te n s iv e  study on 

n u rse ry  s o i l  management in  M is s is s ip p i  and th e  in f lu e n c e  on p ine  

s e e d lin g  p ro d u c tio n . They found f e r t i l i t y  Im portan t to  se ed lin g  

p ro d u c tio n , e s p e c ia l ly  p ro d u c tio n  of a h igh  p e rcen tag e  o f number 

one grade s e e d lin g s . R esid u a l e f f e c t s  o f th e  n u rse ry  were found 

fo r  ro o t  and h e ig h t growth in  th e  f i e ld  and were c o r re la te d  w ith  

le v e ls  o f  a p p lic a t io n  o f n i tro g e n  in  th e  n u rse ry . However, su rv iv a l  

of o u tp la n te d  s e e d lin g s  could n o t be r e la te d  to  n u rse ry  p r a c t ic e s .

For s u c c e s s fu l  o u tp la n tin g  of pecan in  th e  r iv e r  flo o d  p la in s ,  

i t  i s  e s s e n t i a l  to  produce la rg e  v igorous se e d lin g s  th a t  w i l l  be 

ab le  to  s u c c e s s fu l ly  compete w ith  o th e r  v e g e ta t io n . I f  th e  se e d lin g s  

cannot compete, su rv iv e , and grow, much tim e and expense i s  wasted 

and a  y e a r 's  growth i s  l o s t .  The fo llow ing  experim en ts were 

i n i t i a t e d  to  determ ine th e  e f f e c t  o f seed s iz e  and th e  e f f e c t  o f 

two r a th e r  d i f f e r e n t  n u rse ry  p r a c t ic e s  on th e  p ro d u c tio n  o f v ig o r 

ous pecan s e e d lin g s . Each experim ent i s  re p o rte d  s e p a ra te ly  below. 

The r e s u l t s  o f bo th  experim ents a re  d iscu ssed  in  a  summary o f t h e i r  

im p lic a tio n s  fo r  th e  p ro d u c tio n  o f  v igorous pecan n u rse ry  s to c k  fo r  

r e f o r e s ta t io n .

Methods and P rocedures

For t h i s  s tu d y , pecan seeds o f  v a r io u s  s iz e s  were c o l le c te d  

from 35 n a t iv e  pecan t r e e s  w ith in  a 50-m ile  ra d iu s  o f Baton Rouge.
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No more th an  f iv e  pecans (n u ts )  from a s in g le  t r e e  were used and 

c o n s id e rab le  v a r ia t io n  in  seed s iz e  e x is te d  among t r e e s .  Also 

in c lu d ed  in  th e  study  were sam ples o f 15 seeds from each o f two 

t r e e s  id e n t i f i e d  a s  th e  hyb rid  Ĉ . x le c o n te i  L i t t l e .  These hybrid  

seed , id e n t i f i e d  by t h e i r  in te rm e d ia te  s h e l l  c h a r a c te r i s t i c s  

(Rousseau 1976), were l a r g e r  th an  th e  pecan seed  and were included  

in  th e  study  to  o b ta in  f u r th e r  in fo rm atio n  on th i s  h y b rid .

A t o t a l  o f 200 seeds were v is u a l ly  checked fo r  soundness, 

and d e te rm in a tio n s  o f le n g th , w id th , and w eight were made. Seeds 

were weighed on a M e ttle r  b a lan ce  to  0 .01  gm. Length and w idth  

were determ ined  w ith  v e rn ie r  c a l ip e r s  to  0 . 0 1  cm and measurements 

were taken  a t  th e  lo n g e s t  and w id es t p o in ts  on th e  pecan seed .

Each n u t was numbered a s  i t  was measured and a l l  were p laced  in  

co ld  d ry  s to ra g e  (2-5C) fo r  120 days.

The seeds were randomly p la n te d  in  th e  Baton Rouge n u rse ry  

th e  f i r s t  week in  May 1974, a t  3 in  in te r v a ls  in  rows 8  in  a p a r t .  

In d iv id u a l seed lo c a t io n  was mapped to  id e n t i fy  seeds fo r  fu tu re  

seed  s iz e  -  s e e d lin g  growth e v a lu a tio n s . These seed  beds rece iv ed  

th e  norm al n u rse ry  schedule o f  weeding and w a te rin g .

At th e  end of th e  growing season  (November 1974) h e ig h ts  of 

a l l  se e d lin g s  were measured w ith  a  s tan d a rd  m eter s t i c k  to  th e  

n e a re s t  0 .5  cm. The se e d lin g s  were allow ed to  grow fo r  an o th er 

y e a r  in  th e  n u rse ry  beds (second growing s e a so n ) . In November 

1975, h e ig h t was a g a in  m easured.
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A m u ltip le  re g re s s io n  a n a ly s is  was used to  determ ine the  

e f f e c t  of le n g th , w id th , and w eight o f seed on s e e d lin g  growth 

th e  f i r s t  y ea r and to  determ ine i f  th e re  was a r e s id u a l  e f f e c t  

in to  th e  second y e a r .

R e su lts  and D iscussion

The r e la t io n s h ip  between seed s iz e  and se e d lin g  h e ig h t .

These d a ta  were s t a t i s t i c a l l y  analyzed by combining d a ta  fo r  bo th  

pecans and h y b rid  seed and a ls o  by an a ly z in g  each s e t  o f d a ta  

s e p a ra te ly .

The e f f e c t  o f  seed s iz e  on f i r s t - y e a r  h e ig h t growth o f pecans 

and h y b rid s  was p o s i t iv e  and h ig h ly  s ig n i f ic a n t  (P < 0 .0 1 )  w ith  an 

R v a lu e  o f  0 .2 1 . The e f f e c t  o f seed s iz e  on second-year h e ig h t 

growth was p o s i t iv e ly  c o r re la te d  bu t n o n -s ig n if ic a n t  w ith  an RA 

of 0 .0 8 . When each of th e  th re e  components o f s iz e  ( le n g th , w idth , 

and w eigh t) were analyzed , o n ly  w eight was found to  have a s i g n i f i 

can t e f f e c t  (P < 0 .0 5 )  on f i r s t - y e a r  h e ig h t grow th, and fo r  second- 

y ea r h e ig h t growth no seed s iz e  component was found to  be s ig n i f ic a n t .

The e f f e c t  of s iz e  o f  seed on f i r s t - y e a r  h e ig h t growth of 

h y b rid s  (analyzed  s e p a ra te ly )  was p o s i t iv e  (R^ => 0 .14) b u t non

s ig n i f i c a n t .  The e f f e c t  o f  seed s iz e  on second-year growth o f 

h y b rid s  was a ls o  n o n - s ig n if ic a n t  (R^ = 0 .2 1 ) .  When s iz e  com

ponents w ere s e p a ra te ly  an a ly zed , no s ig n i f ic a n t  e f f e c t  was found 

f o r  le n g th ,  w id th , o r  w eight on f i r s t - y e a r  o r  second-year growth 

o f  th e  h y b rid  s e e d lin g s .
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The e f f e c t  o f seed s iz e  on f i r s t - y e a r  h e ig h t growth of pecans 

(analyzed  s e p a ra te ly )  was p o s i t iv e  (R = 0 .09) and s ig n i f ic a n t  

( P < 0 .0 5 ) .  A gain, th e  e f f e c t  of seed s iz e  on second-year h e ig h t 

growth was p o s i t iv e  b u t n o n - s ig n if ic a n t  (R^ = 0 .0 3 ) . When s iz e  

components were e v a lu a te d , le n g th  and w eight were found to  have a 

s ig n i f ic a n t  e f f e c t  (P < 0 .0 5 )  on th e  h e ig h t growth o f pecan seed 

l in g s  in  th e  f i r s t  growing seaso n . The e f f e c t  o f seed  s iz e  com

p o nen ts  on second-year growth was again  found to  be n o n - s ig n if ic a n t .

The o v e r a l l  r e s u l t s  o f  t h i s  experim ent in d ic a te  th a t  i t  i s  

p o s s ib le  to  grow la r g e r  o n e -y ea r-o ld  se e d lin g s  in  th e  n u rse ry  by 

s e le c t io n  fo r  l a r g e r  seed , b u t th a t  th e  p o s i t iv e  e f f e c t s  o f seed 

s iz e  a re  n o n - s ig n if ic a n t  by th e  end o f  th e  second y e a r . This h e ld  

t r u e  fo r  bo th  h y b rid s  and pecans. A p paren tly , s e e d lin g s  from sm a lle r  

seed s  a re  a b le  to  grow w e ll in  th e  n u rse ry  once th ey  have become 

e s ta b lis h e d .

A lthough th e  s iz e  o f  th e  pecan was s ig n i f i c a n t ly  r e la te d  

(P < 0 .0 5 )  to  h e ig h t growth th e  f i r s t  y e a r ,  th e  R  ̂ v a lu e s  were low.

The R^ v a lu e  i s  an in d ic a t io n  o f th e  s tre n g th  of th e  r e la t io n s h ip  

betw een dependent v a r ia b le  Y (h e ig h t growth) and independent 

v a r ia b le  X (seed  s iz e )  and g iv e s  a good e s tim a te  o f th e  v a r ia t io n  

in  Y ex p la in ed  by th e  re g re s s io n  of th e  v a r ia b le  Y on X. In th e  

s tu d y  w ith  b o th  pecans and h y b rid s  an v a lu e  of 0 . 2 1  was o b ta in ed . 

T h is in d ic a te s  th a t  21 p e rc en t o f  th e  v a r ia t io n  in  se e d lin g  h e ig h t 

grow th was due to  th e  s iz e  o f th e  seed . The rem ain ing  v a r ia t io n
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(79 p e rcen t)  should  be due to  o th e r  g e n e tic  and environm ental 

v a r ia t io n  and ex p erim en ta l e r r o r .

In t h i s  s tu d y , th e  environm ent was very  uniform  and only a 

sm all p o r tio n  o f one homogenous n u rse ry  bed was used . Seed and 

germ inated se e d lin g s  were spaced un iform ly  and t r e a te d  in  th e  same 

manner, th u s  th e  p o r tio n  of th e  rem aining v a r ia t io n  (79 p e rcen t)  

due to  env ironm ental in f lu e n c e s  should  have been r a th e r  sm a ll.

T h is su g g ests  th a t  th e  g e n e tic  makeup o f  each in d iv id u a l s e e d lin g  

accounted  fo r  much o f  th e  rem ain ing  h e ig h t growth v a r ia t io n  en

coun tered  in  th e  experim ent.

S ince seed s iz e  accounted fo r  only  a sm all p e rcen tag e  o f th e  

t o t a l  v a r ia t io n  and o th e r  g e n e tic  f a c to r s  a p p a re n tly  account fo r  a 

la rg e  p a r t ,  th e  s e le c t io n  o f su p e r io r  t r e e s  which a ls o  have la rg e  

seed could produce op tim al growth in  th e  f i r s t  year due to  th e  

e f f e c t  o f bo th  seed s iz e  and o th e r  in h e re n t t r a i t s  o f th e  p a re n t 

in f lu e n c in g  se e d lin g  growth. In  p r a c t ic e ,  th e r e fo r e ,  th e  s e le c t io n  

o f  a  p a re n t pecan t r e e  on th e  b a s is  o f  phenotype and a lso  w ith  

c o n s id e ra tio n  o f seed s iz e  should  enab le  th e  nurserym an to  produce 

la r g e r  s e e d lin g s .

The r e la t io n s h ip s  between seed s iz e  and s e e d lin g  growth of 

th e  h y b rid  £ .  x  le c o n te l  s e e d lin g s  su g g est th a t  th e se  p rogen ies  

p o ssess  h e to ro s is  o r  h y b rid  v ig o r  fo r  e a r ly  growth. As a lre a d y  

d isc u sse d , a n a ly s is  o f th e  h y b rid  d a ta  showed no s ig n i f ic a n t  c o r

r e l a t io n  of s e e d lin g  s iz e  w ith  seed w e ig h t. Hybrid se e d lin g  h e ig h t 

growth in  b o th  th e  f i r s t  and second year was much b e t t e r  than th a t
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of pecan se e d lin g s  (Table 3 ) . Hybrid seed  s iz e  i s  r e l a t iv e ly  u n i

form and th e  seed i s  la r g e r  than  th a t  o f pecan , b u t th e  com parative 

h e ig h t growth i s  o f  I n t e r e s t .

In  th e  f i r s t  y e a r , mean h e ig h t o f th e  h y b rid  se e d lin g s  was 

22.89 cm compared to  14.18 cm fo r  pecan s e e d lin g s , a  d if fe re n c e  

o f 8 .71  cm (60 p e rce n t)  in  h e ig h t growth in  th e  f i r s t  y e a r . This 

can p a r t ly  be ex p la in ed  by th e  s iz e  o f  th e  h y b rid  seed which were 

much la r g e r  th an  th e  pecan seed (T able  3 ) .  Means fo r  second year 

h e ig h t growth were 38.41 cm fo r  th e  h y b rid s  and 24.27 cm fo r  pecan, 

a  14.14 cm d if f e re n c e  (58 p e rc e n t) .  For second year h e ig h t growth 

th e re  was no s ig n i f ic a n t  c o r r e la t io n  between seed s iz e  and h e ig h t 

growth of h y b rid  s e e d lin g s . This su g g ests  th a t  th e  s u p e r io r  h e ig h t 

growth o f th e  h y b rid s  was n o t due to  seed  s iz e  ( e s p e c ia l ly  in  th e  

second y ear) b u t was due to  o th e r  g e n e tic  f a c to r s ,  s in c e  th e  en

vironm ent in  th e  n u rse ry  bed was r e l a t i v e ly  uniform . I f  th e  pecan 

and th e  h y b rid  se e d lin g  growth d a ta  a re  compared, an in c re a se  in  

mean h e ig h t growth a t  th e  end o f th e  second growing season  o f 15.52 

cm f o r  th e  h y b rid s  and 10.09 cm fo r  th e  pecans i s  n o ted . I f  growth 

from th e  f i r s t  y ea r to  th e  end of th e  second growing season  i s  

p r im a r i ly  g e n e t ic a l ly  c o n tro l le d ,  then  th e  hyb rid  se e d lin g s  a re  

ou tperfo rm ing  th e  pecan se e d lin g s  and th e re  may be h y b rid  v ig o r  

Invo lved  (F ig u res  5 and 6 ) .

I f  t h i s  i s  t r u e ,  th en  th e re  i s  p o te n t ia l  in  th e  use o f th e se  

h y b rid s  fo r  r e f o r e s ta t io n  and as g r a f t in g  ro o t s to ck  fo r  commercial 

pecan n u r s e r ie s .  However, much more re se a rc h  must be done on th e
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T able 3. Mean le n g th ,  w idth  and w eigh t o f  seed and mean seed lin g  
h e ig h ts  f o r  pecans, h y b r id s ,  and pecan and h y b rid s  fo r  
f i r s t  and second y ea r grow th.

Mean Mean Mean Mean Height
Length Width Weight Y ear 1 Year 2

cm cm cm cm cm' —1 — 1

Pecans and 
H ybrids 2 .96 1.59 3.09 15.55 26.50

H ybrids 3 .41 2.18 4.74 22.89 38.41

Pecans 2 . 8 8 1.48 2.78 14.18 24.27
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g ra f t in g  c o m p a tib ili ty  and wood p ro p e r tie s  of th e  x le c o n te i  

h y b rid . A lso, th e re  may be a problem  of p a r t i a l  in v ia b i l i ty  in  

the  hyb rid  because only a sm all percen tage of the  p lan ted  hybrid  

seed germ inated.

From th e  r e s u l t s  o f seed s iz e -s e e d lin g  growth re g re s s io n s , 

can a m eaningful v a lu e  o f (Y) be p red ic ted ?  Because of th e  low 

v a lu e  fo r  each a n a ly s is ,  th e  use o f a v a lu e  p re d ic te d  on the  

b a s is  o f  th e se  r e s u l t s  would n o t be a good e s tim a te . From these  

r e s u l t s  th e  most a c c u ra te  p re d ic tio n  would only account fo r  2 1  

p ercen t o f th e  v a r ia t io n .  I f  a random group of seed from d i f 

f e re n t  g e n e tic  sou rces were weighed, measured and a p re d ic tio n  of 

t h e i r  h e ig h t growth in  th e  f i r s t  year was made, th e  r e s u l t s  would 

probably be o f l i t t l e  v a lu e . The In h eren t q u a l i t i e s  o f  th e  seed

lin g s  and the  environment would have th e  g re a te s t  e f f e c t ,  making 

th e  p re d ic te d  va lue  alm ost u s e le s s .

The p rod u ctio n  o f see d lin g s  th a t  a re  both la rg e  and vigorous 

i s  im portan t both  to  th e  f o r e s te r  who w i l l  o u tp la n t a t  the  end of 

th e  f i r s t  growing season and to  th e  h o r t i c u l t u r i s t  who in ten d s  

to  g r a f t  a  commercial n u t v a r ie ty  on n a tiv e  ro o t s to c k . S ize of 

th e  se ed lin g s  i s  c r i t i c a l  from th e  s tan d p o in t of s u rv iv a l and the 

a b i l i t y  to  w ith stan d  com petition  from o th e r  se e d lin g s , g ra sse s , 

and weeds. U nless th e  pecan see d lin g s  a re  v ig o ro u s, they w i l l  

e v e n tu a lly  succumb to  com petition . In  h o r t i c u l tu r e ,  th e  motive 

fo r p rod u ctio n  of la r g e ,  v igorous see d lin g s  i s  to  f a c i l i t a t e  e a r l i e r  

g r a f t in g .  I f  se ed lin g s  could be grown la rg e  enough to  g r a f t  in  th e
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f i r s t  y e a r , about two y ea rs  could be gained  and much weeding and 

a d d i t io n a l  c a re  and expense re q u ire d  to  keep se e d lin g s  fo r  3-4 

y ea rs  could be e lim in a te d .

However, th e  most im portan t f a c t  in  th e  seed s iz e -s e e d lin g  

growth r e la t io n s h ip  found in  t h i s  experim ent i s  th a t  th e re  i s  a 

m easurable and s ig n i f ic a n t  in c re a se  in  mean f i r s t - y e a r  se ed lin g  

h e ig h t growth a s so c ia te d  w ith  an in c re a se  in  mean seed s iz e  

( e s p e c ia l ly  w e ig h t) . A gain, t h i s  in c re a se  accoun ts fo r  only  a 

sm all p e rcen tag e  o f th e  t o t a l  v a r ia t io n  and g e n e tic  s e le c t io n  and 

progeny t e s t i n g  should  r e s u l t  in  f u r th e r  g e n e tic  gain  in  ju v e n i le  

grow th.

N ursery  Methods and P rocedures

Two lo c a t io n s  were s e le c te d  fo r  th e  n u rse ry  p la n tin g  e x p e r i

m ent. One was th e  School o f F o re s try  n u rse ry  on th e  L o u is ian a  S ta te  

U n iv e rs ity  campus, Baton Rouge, L o u is ian a , and th e  o th e r  was th e  

Bass Pecan Company n u rse ry , Lumberton, M is s is s ip p i  (F igu re  3 , p . 1 7 ).

The Baton Rouge n u rse ry  was th e  more c o n v en tio n a l approach, 

u s in g  c o n s tru c te d  5 -fo o t-w ld e  beds c o n ta in in g  5 rows p e r  bed.

S o il  p re p a r tio n  c o n s is te d  of t i l l i n g  th e  beds to  a  depth o f 8  

in ch es  w ith  a  r o t o t i l l e r .  A p p lic a tio n  o f m ethyl bromide fum igant 

was done a t  recommended r a te s  to  c o n tro l  weeds. Seeds were p la n ted  

a t  a depth  o f 1 in ch , and spaced 2 in ch es  a p a r t .  W atering and 

weeding were done by hand as re q u ire d . No f e r t i l i z e r s  were ap p lie d  

b e fo re  o r a f t e r  p la n t in g .
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The Bass Pecan n u rse ry  a t  Lumberton, M is s is s ip p i ,  was a de

p a r tu re  from co n v en tio n a l f o r e s t r y  n u rse ry  p r a c t ic e s .  Bass Pecan 

Company's n u rse ry  o b je c tiv e  i s  to  produce q u a n t i t ie s  o f pecan 

se e d lin g s  th a t  can be used as g r a f t in g  ro o ts to c k  in  2 to  3 y e a rs . 

S ince t h e i r  emphasis i s  on supp ly ing  o rch ard s w ith  commercial nu t 

v a r i e t i e s ,  t h e i r  s e e d lin g  n u rse ry  of w ild  pecan se rv es  as ro o t 

s to c k  o n ly . P la n tin g  p re p a ra tio n  and procedure  co n s is te d  of 

d is c in g  th e  p la n tin g  a re a  and then  furrow ing long  rows 6  f e e t  a p a r t 

w ith  a mule-drawn plow. As each furrow  was opened, seeds were 

p la n te d  approx im ate ly  two in ch es  a p a r t  and covered w ith  about an 

inch o f s o i l .  C u ltu ra l  p r a c t ic e s  c o n s is te d  o f hand weeding and 

c u l t iv a t io n  b o th  w ith  m ule- and t r a c to r - p u l le d  im plem ents. No 

supplem ental f e r t i l i z e r  o r  w ater was added. This method c lo se ly  

resem bles co n v en tio n a l a g r i c u l tu r a l  row cropping  except th a t  th e  

rows a re  6  f e e t  a p a r t .

S o ils  a t  th e  two n u rse ry  s i t e s  a re  q u ite  d i f f e r e n t .  The 

Baton Rouge n u rse ry  i s  a s i l t  loam to p s o i l  (10-12 inches) in  th e  

beds, bu t th e  beds had been b u i l t  over an o ld  b u ild in g  s i t e  r e 

s u l t in g  in  a s u b so il  (12-24 in ch es) c o n ta in in g  v a rio u s  fo re ig n  

m a te r ia ls  such as rock , b r ic k s ,  and co n cre te  mixed w ith  red  c la y . 

A ll  o f t h i s  o v e r la id  th e  heavy c lay  s o i l s  th a t  a re  ty p ic a l  o f  th e  

M is s is s ip p i R iver flood  p la in .  S o il  n u t r i e n t  l e v e l s ,  pH, and 

o rg an ic  p e rcen t were adequate  fo r  good s e e d lin g  growth (Table 4 ) .

The Lumberton n u rse ry  was e s ta b lis h e d  on an o ld  f i e ld  s i t e  

in  an a re a  o f  r o l l in g  h i l l s .  The s i t e  has a shallow  (4 to  8  inch)
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Table 4. N u tr ie n t l e v e l s ,  pH and o rg an ic  m a tte r  con ten t o f to p -
s o i l  and s u b s o il  a t  th e  n u rse ry  lo c a t io n s  a t  Baton Rouge 
and Lumberton.

Sample Block Depth P
E x tra c ta b le  

K Ca Mg PH
Organic
M atter

In PPM P ercen t

Baton Rouge 1 0 - 8 143 26 590 46 6 . 2 1 . 2 0
11 2 11 143 50 580 67 7.0 1 . 0 1
11 1 18-24 67 368 1300 294 6 . 8 0.62
f t 2 f l 57 420 1470 225 7.2 0.62

Lumberton 1 0 - 8 24 35 670 176 6 .9 0.73
I f 2 fl 48 30 69 172 6 .9 1.40
II 1 18-24 5 27 360 85 5 .8 0.73
11 2 If 5 26 410 158 5 .8 0.36
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sandy loam s o i l  w ith  a red  sandy c la y  B h o riz o n . N u tr ie n t le v e ls  

w ere low compared w ith  th e  Baton Rouge s i t e ,  bu t pH and p e rc e n t

age of o rg an ic  m a tte r were adequate  fo r  good grow th. The main d i f 

fe re n c e s  between th e  two n u rse ry  lo c a tio n s  were in  n u t r i e n t  le v e ls  

and type of s u b s o il .  The Lumberton n u rse ry  has good in te r n a l  

d ra in ag e  whereas th e  d ra in ag e  a t  th e  Baton Rouge n u rse ry  i s  v a r ia b le  

because o f  th e  v a r ie ty  o f  m a te r ia ls  and s o i l s  found under th e  beds.

To determ ine d if f e re n c e s  in  s u rv iv a l  and growth due to  n u rse ry  

c o n d it io n s , seeds o f th e  same genotypes (same p a re n t t r e e )  were 

p la n te d  a t  bo th  lo c a t io n s .  Seeds from 40 p a re n t t r e e s  s e le c te d  fo r  

progeny t e s t in g  were used and 1 0 0  seeds from each t r e e  were p lan ted  

a t  each n u rse ry  as  d e sc rib e d  above. The seed were p la n te d  a t  th e  

Lumberton n u rse ry  on 30 A p ril 1974 in  a long continuous row on th e  

Bass Pecan n u rse ry  a r e a .  The Baton Rouge n u rse ry  was p la n te d  18 A p ril 

1974 in  two beds. The p la n tin g  a t  each n u rse ry  s i t e  was r e p l ic a te d  

tw ice  to  account fo r  s o i l  d i f f e r e n c e s .

F i r s t  year h e ig h t growth measurements were made in  December 

1974 a t  b o th  n u r s e r ie s .  Measurements were taken  from th e  ground 

to  th e  t i p  o f th e  te rm in a l bud to  th e  n e a re s t  0 .5  cm w ith  a m eter 

s t i c k .  The ex perim en ta l design  was a  random ized b lock  w ith  fa c 

t o r i a l  arrangem ent o f o p e n -p o llin a te d  p ro g e n ie s , and a n a ly s is  o f 

v a r ia n c e  was used to  determ ine d if fe re n c e s  in  progeny perform ance 

between th e  two n u rse ry  lo c a t io n s .

Root d iam eter measurements were made a t  l i f t i n g  tim e on 30 

fa m il ie s  a t  th e  Baton Rouge n u rse ry  and on th e  same 30 p rogen ies
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a t  Lumberton.. Ten se e d lin g 9 p e r fam ily  were measured w ith  a v e rn ie r  

c a l ip e r  to  th e  n e a re s t  0.01 cm. A ll  measurements were made 2 .0  cm 

below th e  ro o t c o l la r .  The same s t a t i s t i c a l  a n a ly s is  was done on 

ro o t d iam eters  as  on f i r s t - y e a r  h e ig h t measurements.

A f te r  l i f t i n g  from both  n u r s e r ie s ,  seed lin g s  re p re s e n tin g  each 

n u rse ry  lo c a t io n  were o u tp la n te d  a t  Baton Rouge. The s i t e  was p re 

pared  by d is c in g , and a l l  se e d lin g s  were p lan ted  w ith  a  s tan d ard  

d ib b le  a t  a  10 X 10 fo o t sp ac in g . Four r e p l ic a t io n s  were used to  

m inim ize th e  e r ro r  a s so c ia te d  w ith  non-uniform  f i e ld  c o n d itio n s .

Each o p e n -p o llin a te d  fam ily  was re p re se n te d  in  a s in g le  r e p l ic a t io n  

by a f iv e - t r e e  l i n e  p lo t  o f s e e d lin g s  grown a t  each n u rse ry , a t o t a l  

o f  te n  seed lin g s  from each fem ale p a re n t .  The f iv e - t r e e  l in e  p lo ts  

from each n u rse ry  were p la n te d  to g e th e r  in  p a r a l l e l  rows.

V a r ia tio n  in  l e a f  i n i t i a t i o n  was determ ined by u s in g  a num erical 

sco re  fo r  d i f f e r e n t  degrees o f l e a f  f lu s h :

0 = no le a f in g  v i s ib l e  (F ig u re  7 );

1  = s in g le  embryonic le a v e s  j u s t  emerging;
!

2 = sm all compound le a v e s  (F ig u re  8 ) ;

3 = le a f in g  becoming f u l l  w ith  s e v e ra l  le a v e s  p re se n t;

4 -  le a f in g  f u l l  w ith  s e v e ra l  la rg e r  leav es  p re se n t

(F igu re  9 ).

Each se e d lin g  in  a f i v e - t r e e  progeny group was ev a lu a ted  and 

th e  group mean fo r  each b lock  was computed. This n um erica l r a t in g

was made th re e  tim es during  th e  s p r in g : A p ril 17 and 27, and May 15,

1975. The design  o f t h i s  experim ent was a randomized b lo ck  w ith  a
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F ig u re  7. Pecan se e d lin g  w ith  no le a f in g  v i s ib le  (R ating  0 ) .



F igure  8 . Pecan se e d lin g  w ith  s e v e ra l  sm a ll, compound le a v e s  
develop ing  (R ating  2 ) .



F ig u re  9. Pecan se e d lin g  in  f u l l  l e a f  w ith  many compound le a v e s  
in  f u l l  developm ent (R ating  4 ) .
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s p l i t - p l o t .  A s t a t i s t i c a l  a n a ly s is  was done fo r  each o f th e  th re e  

tim e p e r io d s  and fo r  a l l  tim e p e rio d s  combined.

Second-year h e ig h t growth was measured in  November 1975. 

Measurements were made w ith  a  m eter s t i c k  to  th e  n e a re s t  0 .5  c e n t i 

m eter. Design and a n a ly s is  was th e  same as  fo r  th e  le a f in g  s tu d y , 

above.

R e su lts  and D iscu ssio n

N ursery  e f f e c t s  on f i r s t  y e a r  s u r v iv a l , h e ig h t growth and ro o t 

d ia m e te r . S u rv iv a l p ercen tag e  o f  th e  se e d lin g s  p la n te d  a t  th e  two 

n u rse ry  lo c a t io n s  was th e  same. There was le s s  th an  one p e rcen t 

d if f e re n c e  in  f i r s t  y ea r s u rv iv a l  between th e  two n u r s e r ie s .  The 

Lumberton n u rse ry  had a  54 .7  p e rc en t s u rv iv a l  and th e  Baton Rouge 

n u rse ry  had a  55 .6  p e rc e n t s u rv iv a l .  The mean germ ination  p e r

cen tage fo r  bo th  n u r s e r ie s  was 5 5 .2 . This p e rc e n t germ ination  

i s  r a th e r  low compared to  o th e r  r e p o r ts  (B ilan  & F o s te r  1970,

Sparks e t  a l .  1974) where germ ina tion  p e rcen tag e  was co n s id e rab ly  

h ig h e r  f o r  pecans. However, in  th e  y ea r p reced in g  and th e  y ea r 

fo llo w in g  t h i s  experim ent n a t iv e  pecan seed o f v a r io u s  o r ig in s  

were p la n te d  w ith  t o t a l  g erm ina tion  su ccess  v ery  c lo se  to  th e  same 

r e s u l t s  a s  th e  c u rre n t s tu d y . These r e s u l t s  in d ic a te  th a t  fo r  

la rg e  s c a le  pecan s e e d lin g  p ro d u c tio n  from n a tiv e  seed , allow ances 

must be made fo r  th e  h ig h  number o f n on -germ inating  seed  and fo r  

m o r ta l i ty  in  th e  f i r s t  y e a r .  Of co u rse , germ ina tion  r e s u l t s  a re  

a ls o  dependent upon w eather c o n d itio n s  when th e  seed a re  m aturing  

and c o n d itio n  of th e  seed  when p la n te d .
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A nalysis  o f v a r ia n c e  fo r  h e ig h t growth o f th e  se e d lin g s  grown 

a t  both  n u r s e r ie s  showed no s ig n i f i c a n t  d if fe re n c e s  between n u r 

s e r i e s ,  a lth o u g h  th e  Lumberton se e d lin g s  were about 18 p e rcen t 

t a l l e r .  Mean se e d lin g  h e ig h t in  th e  Lumberton n u rse ry  was 18.38 

cm and in  th e  Baton Rouge n u rse ry  15.52 cm, a  d if f e re n c e  o f 2 .86 

cm. Although th e re  were h ig h ly  s ig n i f ic a n t  d if f e re n c e s  (P < 0 .0 1 )  

among In d iv id u a l f a m ilie s  a t  th e  two lo c a t io n s  (C hapter IV ), th e re  

i s  a p p a re n tly  l i t t l e  s ig n i f ic a n t  n u rse ry  e f f e c t  on th e  i n i t i a l  

h e ig h t growth o f  pecan se e d lin g s  (Table 5 ) .

Though o v e ra l l  d if fe re n c e s  in  h e ig h t growth between th e  two 

n u r s e r ie s  were n o t s ig n i f ic a n t  an obvious d if f e re n c e  in  ro o t s iz e ,  

b o th  d iam eter and t o t a l  le n g th , was observed. The t o t a l  le n g th  of 

th e  tap  ro o t  could n o t be measured as  th e  Lumberton n u rse ry  seed

l in g s  were ro o t pruned in  o rd e r to  remove them from th e  bed. 

However, d iam eter measurements were made and th e  a n a ly s is  o f v a r i 

ance showed h ig h ly  s ig n i f ic a n t  (P < 0 .0 1 )  n u rse ry  e f f e c ts  (Table 6 ) .  

Mean ro o t d iam eter a t  th e  Lumberton n u rse ry  was 0 .8 1  cm and th e  

mean a t  th e  Baton Rouge n u rse ry  was 0.66 cm, which i s  a 23 p e rcen t 

d if f e re n c e  in  s e e d lin g  ro o t d iam ete r.

S ince th e  two n u rse ry  lo c a t io n s  d if f e r e d  g re a t ly  in  s o i l  

ty p e , d ep th s  o f to p s o i l  and s u b s o i l ,  and f e r t i l i t y  le v e ls ,  d i f 

fe re n c e s  were expected . However, th e  more un ifo rm  se e d lin g  h e ig h ts  

in d ic a te  th a t  t o t a l  f i r s t - y e a r  h e ig h t growth i s  more dependent on 

food re s e rv e s  in  th e  seed than  on env ironm ental d if fe re n c e s  in  

c lim a te , s o i l  f e r t i l i t y ,  d ra in a g e , e t c .



Table 5. A nalysis  o f v a r ia n c e  fo r  f i r s t  y e a r  h e ig h t growth of 
sw eet pecan f a m il ie s  grown a t  two n u rse ry  lo c a t io n s .

Source D.F.
Sum o f 
Squares

Mean
Squares F

Location 1 9127.78 9127.78 12.50
B lock /L ocation 2 1460.00 730.00 1.49
Stand 3 11208.89 3736.30 7.65**
Fam ily /S tand 35 17103.13 488.66 28.49**
L ocation X Stand 3 801.49 267.16 15.58**
L ocation X Fam ily/S tand 26 4090.88 157.34 9.17**
B lock /L ocation  X Stand 6 439.36 73.23 4.25**
(B lock /L ocation) X (F am ily /

Stand) 62 3546.67 57.20 3.34**
E rro r 4330 74274.65 17.15
T o ta l 4468

* * S ig n if ic a n t a t  th e  0 .0 1  le v e l  o f  p r o b a b i l i ty .
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Table 6. Analysis of variance for root diameter differences in 
sweet pecan families grown at two nursery locations.

Source D.F.
Sum of 
Squares

Mean
Squares F

L ocation 1 3.224 3.224 30.705**
Stand 3 0.580 0.193 1.838**
Fam ily /S tand 34 3.572 0.105 2.625**
L o ca tio n  X Stand 3 1.029 0.343 8.575**
L o ca tio n  X (Fam ily/S tand) 2 0 1.966 0.098 2.450**
E rro r 568 22.145 0.040
T o ta l 629 32.517

* * S ig n if ic a n t on th e  0 .01  le v e l  o f p ro b a b i l i ty .



53

G erm ination o f pecan , l i k e  o th e r  members o f th e  genus C arya, 

i s  hypogeal w ith  th e  seed rem aining  underground as a source  of 

s to re d  food fo r  i n i t i a l  s e e d lin g  grow th. Pecan se e d lin g s  a re  a lso  

slow to  emerge above ground, develop ing  a la r g e ,  s tro n g  ro o t system  

b e fo re  th e  e p ic o ty l  emerges from th e  s o i l .  Young pecan se e d lin g s  

a p p a re n tly  channel more growing energy in to  ro o t  development and, 

g e n e ra lly , th e  h e ig h t growth a t ta in e d  30 days a f t e r  germ ination  

was a c lo se  approxim ation  o f t o t a l  h e ig h t growth in  th e  f i r s t  

season  in  t h i s  s tu d y .

The ro o t system  o f pecan a p p a re n tly  co n tin u es  to  grow du ring  

th e  f i r s t  y e a r , p ro v id ed  c o n d itio n s  a re  fa v o ra b le  fo r  ro o t develop

ment. The most ap p aren t d if f e re n c e s  between th e  two n u r s e r ie s  from 

th e  s ta n d p o in t o f i t s  e f f e c t  on ro o t development was th e  s u b so il  

te x tu re  and d ra in ag e  c h a r a c t e r i s t i c s  o f th e  n u rse ry  beds. Whereas 

th e  Baton Rouge beds had poor d ra in ag e  and v a r io u s  m a te r ia ls  under

ly in g  th e  beds, th e  Lumberton n u rse ry  beds had a deep s u b so il  o f  

sandy c la y  com position which was w e ll-d ra in e d  b u t r e ta in e d  enough 

m o is tu re  fo r  good p la n t  grow th. S ince f e r t i l i t y  l e v e l  (Table 4) 

was h ig h e r  a t  th e  Baton Rouge n u rse ry  and th e  same genotypes were 

p la n te d  a t  b o th  n u r s e r i e s ,  th e  on ly  e x p la n a tio n  fo r  th e  in c reased  

ro o t growth was th a t  th e  zone o f ro o t developm ent was more fav o rab le  

in  th e  Lumberton n u rse ry . A lthough no measurements were ta k e n , th e  

le n g th  o f th e  ta p  ro o t was observed to  be much l a r g e r  and g e n e ra lly , 

th e  s m a lle s t  ro o t system  measured a t  th e  Lumberton n u rse ry  exceeded 

th e  l a r g e s t  ro o t  system  m easured a t  th e  Baton Rouge n u rse ry .
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A pparen tly , env ironm enta l in f lu e n c e s  o f  th e  n u rse ry  s o i l  type 

and s t r u c tu r e  had an im portan t e f f e c t  on ro o t development and, in  

th e  case o f th e  Baton Rouge n u rse ry , t h i s  was a l im i t in g  f a c to r .  

Another f a c to r  th a t  must be co n sid e red  in  comparing th e  se e d lin g s  

produced in  th e  two n u r s e r ie s  i s  th e  d e n s ity  a t  which th e  seeds 

were p la n te d . The Baton Rouge n u rse ry  was sown a t  a d e n s ity  o f 

about 18-20 seeds p e r square  fo o t whereas th e  Lumberton n u rse ry  

was sown w ith  only s ix  to  e ig h t  seed p e r l in e a r  f o o t ,  w ith  no 

co m p etitio n  develop ing  from th e  s id e s  as  th e  se e d lin g s  grew. This 

d e n s ity  o r  co m p etitio n  may accoun t f o r  a  p o r tio n  of th e  d if fe re n c e s  

in  th e  ro o t s iz e  o f th e  s e e d lin g s  a t  th e  two n u r s e r ie s .

To summarize, the most striking difference in first-year 

growth between the seedlings grown at the different nurseries was 

the root size; both the diameter of the tap root and the overall 

size of the root system were much larger on seedlings grown at 

Lumberton.

N ursery e f f e c t s  on s u r v iv a l , growth i n i t i a t i o n , and h e ig h t 

growth a f t e r  f i e l d  p la n t in g . A n aly sis  o f v a r ia n c e  fo r  growth 

i n i t i a t i o n  of pecan s e e d lin g s  in  th e  sp rin g  fo llo w in g  o u tp la n tin g  

(second season) showed h ig h ly  s ig n i f ic a n t  (P < 0 .0 1 )  d if fe re n c e s  

among tim es o f measurement and among th e  se e d lin g s  from th e  Lumberton 

n u rse ry  and th o se  from th e  Baton Rouge n u rse ry . No s ig n i f ic a n t  

d if f e re n c e s  were d e te c te d  among fa m ilie s  o r among r e p l ic a t io n s .

Time p e r io d  was h ig h ly  s ig n i f i c a n t  as  th e  s e e d lin g s  began 

t h e i r  l e a f  f lu s h  and p ro g ressed  over th e  th re e  p e r io d s  o f measurement.
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When th e  a n a ly s is  was done s e p a ra te ly  fo r  each tim e p e rio d , th e  

same b a s ic  tre n d  i s  a p p a re n t, and no s ig n if ic a n c e  was found be

tween fa m ilie s  f o r  any o f  th e  th re e  tim e p e r io d s . A lso, fo r  Times 

1 and 2, th e r e  were h ig h ly  s ig n i f ic a n t  (P < 0 .0 1 )  n u rse ry  e f f e c t s  

and fo r  Time 3 a s ig n i f i c a n t  (P < 0 .0 5 )  n u rse ry  e f f e c t  was n o ted .

The two n u rse ry  lo c a tio n s  a t  which th e  se e d lin g s  were grown 

had s ig n i f ic a n t  e f f e c t  upon th e  tim e of growth i n i t i a t i o n  th e  f o l 

low ing y e a r . T h is i s  v ery  ev id en t when comparing th e  mean le a f in g  

v a lu es  o f th e  s e e d lin g s  from th e  two n u rse ry  o r ig in s  (Table 7 ) .

As p re v io u s ly  d isc u sse d , ro o t d iam eters  were much l a r g e r  on 

se e d lin g s  grown in  th e  Lumberton n u rse ry . There i s  some evidence 

th a t  tim e o f  le a f in g  in  th e  sp r in g  i s  r e la te d  to  th e  l e v e l  o f 

m etabo lic  a c t i v i t y  in  th e  ro o t system , p a r t i c u la r ly  the  sy n th e s is  

and ex p o rt o f grow th-prom oting compounds from th e  ro o t system  to  the  

v e g e ta tiv e  buds (Lavender e t  a l .  1973, T h ie lg es  and Beck 1976).

S ince c l im a tic  c o n d itio n s  were v ery  s im ila r  a t  b o th  n u rse ry  s i t e s ,  

i t  i s  p o s s ib le  th a t  th e  a c c e le ra te d  growth i n i t i a t i o n  o f th e  

se e d lin g s  grown a t  Lumberton was due to  t h e i r  much la r g e r  ro o t 

system s.

I t  a lso  seems l ik e ly  th a t  th e  Lumberton se e d lin g s  would have 

an advantage in  f i e ld  s u rv iv a l  and growth because o f th e  s iz e  and 

v ig o r  o f t h e i r  ro o t system s. The ro o t system s of se e d lin g s  from 

th e  Lumberton n u rse ry  were so la rg e  th a t  they  were pruned in  o rd er 

to  p la n t them. This p run ing  may have s tim u la te d  th e  fo rm ation  of 

l a t e r a l  ro o ts  which would in c re a se  th e  s e e d l in g s ' a b i l i t y  to  absorb
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Table 7. Comparisons o f mean le a f in g  r a te s  fo r  th re e  
tim e p e r io d s  o f pecan s e e d lin g s  grown a t  
two n u r s e r ie s  and o u tp la n te d  a t  Baton Rouge.

Baton Rouge Lumberton
Time N ursery N ursery

17 A p ril 1975 0.740 0.960

27 A p r il  1975 1.248 1.487

15 May 1975 2.040 2.289
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w ater and n u t r ie n t s  fo llow ing  p la n t in g .  C lark  (1965) found in d ic a 

t io n s  th a t  ro o t prun ing  b lack  w alnu t r e s u l te d  in  a  more f ib ro u s  

ro o t system  which enab led  s e e d lin g s  to  grow f a s t e r  than unpruned 

s e e d lin g s . Thus, th e  se e d lin g s  grown a t  th e  Lumberton n u rse ry  had 

an i n i t i a l  advantage o f la r g e r  r o o ts  and th e  added e f f e c t  o f 

pruning which should  have r e s u l te d  in  b e t te r  ro o t system  develop

ment a f t e r  p la n tin g  in  th e  f i e ld .

S ince th e  n u rse ry  e f f e c t  had such a g re a t  in flu e n c e  on growth 

i n i t i a t i o n ,  a s im ila r  a n a ly s is  was done on s u rv iv a l  and t o t a l  h e ig h t 

growth o f th e  fa m ilie s  a t  th e  end o f th e  f i r s t  y e a r  in  th e  o u tp la n tin g  

s i t e .  The p a r a l l e l  fam ily  p lo ts  from d i f f e r e n t  n u r s e r ie s  o f fe re d  

an e x c e lle n t  o p p o rtu n ity  to  d e term in e  how long  th e  e f f e c t  o f  th e  

n u rse ry  environm ent con tinued  in  an o u tp la n tin g  o f t h i s  s p e c ie s .

A n a ly s is  o f v a r ia n c e  of s u rv iv a l  showed h ig h ly  s ig n i f ic a n t  

(P<  0 . 0 1 ) d if fe re n c e s  between th e  see d lin g s  grown a t  th e  two n u r

s e r i e s .  S u rv iv a l in  th e  f i e ld  i s  dependent upon th e  se e d lin g  

becoming e s ta b lis h e d ,  i n i t i a t i n g  grow th, and growing a t  a  r a t e  

co m p etitiv e  w ith  o th e r  v e g e ta t io n . S u rv ival f o r  th e  se e d lin g s  

grown a t  th e  Lumberton n u rse ry  was 87 p e rcen t and fo r  th o se  grown 

a t  th e  Baton Rouge n u rse ry , 80 p e rc e n t .  S ince th e re  were no d i f 

fe ren ce s  in  su rv iv a l among fa m il ie s  and the  env ironm ental co n d i

t io n s  a t  th e  o u tp la n tin g  s i t e  were uniform  w ith in  r e p l ic a t io n s ,  th e  

d if fe re n c e s  in  s u rv iv a l  between n u r s e r ie s  a p p a re n tly  r e s u l te d  from 

v a r ia t io n  in  se e d lin g  s iz e ,  e s p e c ia l ly  th e  s iz e  o f th e  ro o t system .



58

G en era lly , th e  same i s  t ru e  fo r  h e ig h t growth. The mean 

h e ig h t growth du rin g  th e  season fo llow ing  o u tp la n tin g  fo r  the  

Lumberton n u rse ry  se e d lin g s  was 20.4 cm and fo r  th e  Baton Rouge 

se e d lin g s  17 .4  cm. As d iscu ssed  in  th e  p rev io u s  s e c t io n ,  h e ig h t 

growth d if fe re n c e s  were n o t s ig n i f ic a n t  between th e  two n u rse ry  

lo c a t io n s  in  th e  f i r s t  y e a r . However, ro o t s iz e  d if f e r e n c e s  were 

h ig h ly  s ig n i f i c a n t .  At th e  end o f th e  growing season a f t e r  o u t-  

p la n t in g ,  however, h e ig h t growth d if fe re n c e s  become h ig h ly  s ig 

n i f i c a n t ,  in d ic a t in g  th a t  th e  se e d lin g s  from the  Lumberton n u rsery  

were perform ing b e t t e r  than  th o se  from th e  Baton Rouge n u rse ry .

The only  s ig n i f ic a n t  d if f e re n c e  between th e  se e d lin g s  from th e  

two n u r s e r ie s  a t  tim e o f o u tp la n tin g  was in  ro o t s iz e ,  and th i s  

appears to  have an Im portant e f f e c t  on th e  perform ance o f  th e  seed

l in g s  in  th e  fo llo w in g  y e a r .

P o ss ib ly , th e  la rg e r  i n i t i a l  ro o t system , th rough  i t s  in f lu 

ences on e a r ly  growth i n i t i a t i o n ,  in c re a se d  a b so rp tio n  o f  w ater and 

n u t r i e n t s ,  and more s to re d  food re s e rv e s ,  had an o v e r a l l  e f f e c t  on 

growth a c c e le r a t io n  in  th e  second y e a r . F u rth e r  e v a lu ta t io n s  should 

be made to  determ ine th e  d u ra tio n  o f t h i s  e f f e c t  on grow th.

O bviously , th e  a b i l i t y  o f  th e  ro o t system  of th e  f ie ld -p la n te d  

se ed lin g  to  e s ta b l i s h  i t s e l f  and produce new l a t e r a l  ro o ts  to  pro

v id e  th e  p la n t  w ith  n u t r i e n t s  and w ater i s  e s s e n t ia l  to  su rv iv a l 

and growth. A gain, th e  s e e d lin g s  grown in  th e  Lumberton n u rsery  

had th e  advantage o f la rg e r  ro o t system s; th ey  began growth e a r l i e r  

and had a l a r g e r  a b so rp tiv e  s u rfa c e , which was r e f le c te d  in  b e t te r
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s u rv iv a l and g re a te r  r a t e s  o f growth in  th e  second y e a r . These 

r e s u l t s  In d ic a te  th a t  p ro d u c tio n  o f pecan n u rse ry  s to c k  th a t  have 

la r g e ,  w e ll-d ev e lo p ed  ro o t system s should  be one o f th e  p r i o r i t i e s  

o f th e  nurserym an.

In  summary, when s u rv iv a l ,  r a t e  o f growth i n i t i a t i o n ,  and 

h e ig h t growth of pecan se e d lin g s  grown a t  two d i f f e r e n t  n u r s e r ie s  

were compared, obvious d if fe re n c e s  were n o te d . A pparen tly , th e  

la rg e  ro o t  system s developed by th e  se e d lin g s  grown in  th e  Lumberton 

n u rse ry  p rov ided  an a c c e le r a t iv e  e f f e c t  fo r  i n i t i a t i o n  and r a t e  o f 

growth. T his e f f e c t  was a lso  n o ted  among fa m ilie s  w ith in  each 

n u rse ry  lo c a t io n ;  th e  tendency i s  fo r  th e  fa m ilie s  w ith  th e  la rg e r  

ro o t system s to  a ls o  i n i t i a t e  growth e a r l i e r .  This p ro v id es  an 

obvious advantage to  f i e l d  s u rv iv a l  and e a r ly  growth. S eed lings 

th a t  b eg in  growth e a r l i e s t  a re  l e s s  s u s c e p tib le  to  e f f e c t s  of com

p e t i t i o n  and th u s  have a much b e t t e r  chance fo r  s u rv iv a l  and growth 

du ring  th e  c r i t i c a l  f i r s t  season  in  th e  f i e ld .



CHAPTER IV

PARENT TREE SELECTION AND PROGENY TESTING

In tro d u c tio n  and L i te r a tu r e  Review

The g e n e tic  w orth  o f in d iv id u a l  p a re n t t r e e  s e le c t io n s  must 

be e v a lu a ted  to  e l im in a te  i n f e r i o r  p a re n ts  and to  r e ta in  only the  

b e s t o r most prom ising in d iv id u a ls  fo r  f u r th e r  b reed in g  work. Re

g a rd le ss  o f th e  f i n a l  o b je c t iv e s  o f an improvement program , knowledge 

o th e r  than  pheno typ ic  r e la t io n s h ip s  must be o b ta in ed  in  o rd e r  to  

a c c u ra te ly  u t i l i z e  a v a i la b le  g e n e tic  d iv e r s i ty  and to  o b ta in  th e  

b e s t  p a re n t t r e e  base  fo r  subsequent g e n e ra tio n s . The f i e ld  

t e s t in g  o f progeny from d i f f e r e n t  p a re n t t r e e s  i s  th e  b e s t  method 

a v a i la b le  to  determ ine th e  in h e re n t v a lu e  o f th e  t r e e  fo r  fu tu re  

g e n e ra tio n s . S t r i c t l y  pheno typ ic  e v a lu a tio n s  a re  m is lead in g  and 

may r e s u l t  in  th e  in c lu s io n  o f  u n d e s ira b le  p a re n t t r e e s  in to  a seed 

o rch a rd . U nless a p a ren t t r e e  s e le c te d  as su p e r io r  on th e  b a s is  o f 

pheno typ ic  e v a lu a tio n s  i s  backed by ev idence of geno typ ic  s u p e r io r i ty  

from progeny t e s t i n g ,  th e  t r e e  i s  of no use in  t r e e  improvement work 

(Mergen 1960).

D ata from p ro p e r ly  designed  and execu ted  experim ents can 

y ie ld  u s e fu l  In fo rm atio n  on many t r a i t s :  t h e i r  h e r i t a b i l i t y ,  t h e i r

frequency , and th e  p r o b a b i l i ty  o f  g e n e tic  g a in  through  th e  use of

60
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c e r ta in  genotypes (W right 1970, van B u ijten en  e t  a l .  1971). The 

p r a c t i c a l  use o f th e  progeny t e s t  can be d iv id ed  in to  two o b je c 

t iv e s .  One would be to  e v a lu a te  th e  fam ily  l in e  o r  th e  perform ance 

o f the  s e le c te d  t r e e s  fo r  th e  purpose o f e l im in a tio n  o r r e te n t io n  

o f p a re n ts  in  th e  improvement program . The o th e r  o b je c tiv e  would 

be to  e s ta b l i s h  an orchard  of th e  progeny from s e le c te d  t r e e s  and 

th e  fu tu re  e v a lu a tio n  of th e se  t r e e s  fo r  second g en e ra tio n  s e le c 

t io n s  (van B u ijten en  e t  a l .  1971).

E x ten siv e  progeny t e s t in g  has  been done w ith  co n ife ro u s  

sp e c ie s  e s p e c ia l ly  th e  Genus P in  u s , and th e s e  t e s t s  have y ie ld e d  much 

in fo rm atio n  on a la rg e  number o f t r a i t s  (Stephenson and Snyder 1969). 

In  f a c t ,  t r e e  improvement work has advanced u n t i l  in fo rm atio n  i s  now 

a v a i la b le  on th e  g e n e tic  c o n tro l  o f  t r a i t s  such as  th e  in h e r ita n c e  

o f  wood p r o p e r t ie s  in  V irg in ia  p in e  (P . v irg in ia n a  M il l . )  (Rink 

and Thor 1973), in h e r ita n c e  o f r u s t  r e s i s ta n c e  in  M is s is s ip p i 

lo b lo l ly  p in e  (W ells and S w itzer 1971), o r  even th e  g ra f t in g  com- 

p a t a b i l l t y  o f known g e n e tic  ro o ts to c k  m a te r ia l  o f  lo b lo l ly  p in e  

(McKinley 1975). P ine  improvement has a ls o  advanced to  th e  p o in t 

where work i s  be ing  done w ith  advanced g e n e ra tio n  s e le c t io n s  

(van B u ijten en  1975, S q u illa c e  1973).

In  c o n tr a s t  w ith  t h i s  l e v e l  o f knowledge o f so u th ern  p in e  

g e n e tic s ,  hardwood re se a rc h  i s  j u s t  now reach in g  some degree o f 

i n t e n s i ty .  G en e ra lly , hardwood sp ec ie s  have p re sen te d  complex 

problem s th a t  have impeded p ro g re s s . E xceptions a re  e a s te rn  c o tto n 

wood and b la c k  w aln u t, where i n t e r e s t  in  g e n e tic  improvement came
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e a r ly  because of th e  f a s t  growth r a t e  o f cottonwood and th e  p r ic e  

commanded by w alnut p ro d u c ts . However, a t  th e  p re sen t tim e, work 

has been i n i t i a t e d  on a number o f o th e r hardwood sp ec ies  (McKnight 

1975).

Through th ese  in v e s t ig a t io n s ,  th e  g en e tic  c o n tro l o f v ario u s  

t r a i t s  and th e  b reed ing  p o te n t ia l  o f many sp e c ie s  have been de

term ined . Wilcox (1970) found s tro n g  g en e tic  c o n tro l of f o l i a t io n ,  

b ranch  an g le , t r e e  form and h e ig h t growth in  sweetgum. John and 

Schm itt (1973) found m oderate h e r i t a b i l i t y  fo r  h e ig h t and diam eter 

growth r a t e  in  th e  e a r ly  development o f open p o ll in a te d  sweetgum 

p ro g en ie s . Cooper and R andall (1973), working w ith  advanced genera

t io n  cottonwood, found clones from c o n tro lle d  c ro sses  were perform ing 

b e t t e r  than  f i r s t  g en era tio n  clones from s e le c t io n s .  They concluded 

th a t  "g e n e tic  s u p e r io r i ty  due to  a d d itiv e  g e n e tic  v a rian ce  can be 

accum ulated through rep ea ted  c y c le s  o f s e le c t io n  and in te rm a tin g ."

R andall (1973), in  s tu d ie s  w ith  cherrybark  oak (_£. f a lc a ta  

v a r .  pag o d aefo lla  E l l . ) ,  found th a t  p rogen ies from p h en o ty p ica lly  

s e le c te d  p a re n ts  were s ig n i f ic a n t ly  la rg e r  than  those  from randomly 

s e le c te d  p a re n ts .  A lso, enough g e n e tic  v a r i a b i l i t y  was ev id en t in  

th e  p rogen ies  to  j u s t i f y  fu r th e r  improvement work w ith  t h i s  sp e c ie s . 

O ther s tu d ie s  w ith  red  oak ((£. ru b ra  L .) have in d ic a te d  a co n s id e r

a b le  degree of g en e tic  v a r i a b i l i t y  fo r  v a rio u s  t r a i t s  (K rieb e l 1965, 

McGee 1970), e s p e c ia l ly  fo r  d i f f e r e n t  geographic o r ig in s .

One species of hardwood in which a great deal of interest has 

been generated is black walnut. Early results indicate that
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a p p re c ia b le  g e n e tic  gain  can be ob ta in ed  by s e le c t io n  o f su p e rio r  

p a re n t t r e e s  and progeny te s t in g .  Bey (1970) e s tim a ted  h e r i t a b i l i t i e s  

fo r  le a f  c o lo r  (0 .4 5 ) , l e a f  an g le  (0 .3 2 ) , a d ju s te d  stem  h e ig h t 

growth r a t e  (0 .4 4 ) , and a d ju s te d  stem  d iam eter growth r a t e  (0 .4 9 ) .

In  an o th er s tu d y , Bey e t  a l .  (1971) re p o rte d  th a t  h e r i t a b i l i t i e s  

fo r  h e ig h t (0 .45) and d iam eter (0 .40 ) growth r a t e  were m oderate fo r  

w alnu t. B einikn and M asters (1973) re p o rte d  h e r i t a b i l i t i e s  in  

w alnut comparable to  th o se  re p o rte d  by Bey.

Though work i s  p ro g re s s in g , very  l i t t l e  i s  known about th e  

g e n e tic s  o f hardwoods. The le v e l  o f g e n e tic  d iv e r s i ty  and th e  

g e n e tic  c o n tro l  of t r a i t s  has on ly  been in v e s t ig a te d  in  a su p e r

f i c i a l  manner fo r  a  few s p e c ie s . Much o f th e  p re se n t knowledge i s  

based  on r e s u l t s  o f  only  a few y e a r s ' growth in  p la n ta t io n s .  Though 

th i s  in fo rm atio n  i s  v a lu a b le , much more work must be done to  o b ta in  

a c le a r  u n d erstan d in g  on which we can base  fu tu r e  s e le c t io n s ,  b reed ing  

program s, and t o t a l  hardwood r e f o r e s ta t io n  co ncep ts .

U nlike th e  so u th e rn  p in e s  which a re  r a th e r  homogeneous in  

term s o f s i t e ,  f lo w erin g , and o th e r  c h a r a c t e r i s t i c s ,  hardwoods 

p re se n t a much more complex problem  which r e q u ire s  much thought and 

p lan n in g . Land (1975) d e sc rib ed  in  d e t a i l  th e  unique problem s in 

volved in  hardwood g e n e tic  improvement, econom ics, and s i l v i c u l t u r a l  

p r a c t ic e s .  Among s e v e ra l  f a c to r s  c o n tr ib u tin g  to  th e  com plexity  

o f  hardwood re se a rc h  i s  d iv e rse  s p e c ia t io n , s i t e  s e n s i t i v i t y ,  uneven- 

aged s tan d  com position , and g e n e ra l la c k  o f  b io lo g ic a l  knowledge of 

o f  most hardwood s p e c ie s . Because of th e se  problem s, hardwoods must
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be re sea rch ed  on an in d iv id u a l  sp e c ie s  b a s is  and cannot be con

s id e red  as  a group a s  a re  so u th ern  p in e s .

I f  hardwoods in  g e n e ra l have b een  ign o red , pecan as  a  tim ber 

sp ec ie s  has been com pletely  n eg lec ted  from a t r e e  improvement 

s ta n d p o in t. The v a lu e  o f th e  pecan n u t has re s u l te d  in  h o r t i 

c u l tu r a l  re se a rc h  on im proving n u t s iz e  and q u a l i ty ,  b u t the  

sp e c ie s  was alm ost fo rg o tte n  as  an im p o rtan t hardwood tim ber crop . 

Like o th e r  hardwood sp e c ie s  th e  re p ro d u c tiv e  b io lo g y , th e  n a tu re  

of g en e tic  c o n tro l  o f v a r io u s  t r a i t s ,  and th e  degree o f g en e tic  

d iv e r s i ty  th roughout th e  range must be known in  o rd e r to  breed fo r  

improvement o f t h i s  s p e c ie s .  Q uestions such as  th e  degree of in -  

b reed ing  in  n a tu r a l  s ta n d s  and th e  b e s t  s e le c t io n  and b reed in g  

system s fo r  th e  sp e c ie s  must be answered. I f  pecan s ta n d s  a re  

in b red , th e re  w i l l  be a c lo se r  r e la t io n s h ip  between t r e e s  in  a 

s tand  th an  between t r e e s  lo c a te d  f u r th e r  d is ta n c e s  a p a r t .  The t r e e s  

w ith in  a s tan d  would th u s  c a rry  th e  same o r common genes and th e  

d if fe re n c e s  between th e  t r e e s  w ith in  th e  s tand  would be more due 

to  env ironm ental in f lu e n c e s  than  g e n e tic  v a r i a b i l i t y  (T h ie lg es 

1971). I f  t h i s  were t r u e ,  then  th e re  would be l i t t l e  advantage 

to  s in g le - t r e e  s e le c t io n .

To o b ta in  b a s ic  in fo rm atio n  on th e  g en e tic  d iv e r s i ty  in  w ild  

p o p u la tio n s  o f pecan, a program o f s ta n d  and in d iv id u a l t r e e  s e le c 

t io n  and progeny t e s t i n g  was i n i t i a t e d .  Analyses o f  se ed lin g  

c h a r a c te r i s t i c s  were made to  compare th e  p a ren t t r e e  p ro g en ies  and 

b reed ing  p o p u la tio n s , and a  r e p l ic a te d ,  o p e n -p o llin a te d  progeny
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t e s t  was e s ta b l is h e d  in  th e  f i e l d  a t  th re e  lo c a t io n s  to  e v a lu a te  

genotype-environm ent in t e r a c t io n s .  The program was a lso  designed 

to  compare th e  e f f ic ie n c y  o f s tan d  v e rsu s  in d iv id u a l t r e e  s e le c 

t io n s  by a lso  in c lu d in g  in  th e  t e s t  p ro g en ies  d eriv ed  from random 

seed  c o l le c t io n s .

Methods and P rocedures

P aren t t r e e s  were s e le c te d  In th e  summer o f 1972 from R accourci 

I s la n d  in  West F e l ic ia n a  P a r is h ,  L ou isiana  (F ig u re  3 , p . 1 7 ). This 

lan d  a re a  i s  bounded on one s id e  by th e  M is s is s ip p i R iver and on 

th re e  s id e s  by an  o ld  r iv e r  bed c a l le d  Old R iver Lake. T his ' ’is la n d "  

was formed in  1848 when th e  M is s is s ip p i  R iv er changed co u rse .

S o i ls  a re  ty p ic a l  M is s is s ip p i  R iver bottom land ty p es  c o n s is t in g  

o f  azonal heavy c la y  (gumbo) d e p o s its .  The is la n d  i s  laced  w ith  

r id g e s ,  sloughs and lak es  and i s  su b je c t to  fre q u en t overflow  be

cause  i t  i s  n o t p ro te c te d  by a lev ee  system .

Species com position on th e  " is la n d "  and common pecan a s so c ia te s  

a re  su g a rb e rry , green ash , sweetgum, cottonwood, sycamore (P la tan u s  

o c c id e n ta l is  L .)  and s e v e ra l  sp ec ie s  o f  oak. Pecan i s  found growing 

th roughou t th e  a re a  and s ta n d  a s s o c ia t io n s  a re  g e n e ra lly  th e  r e s u l t  

o f  p a s t s e le c t iv e  logging  p r a c t ic e s  and th e  r e l a t iv e  to le ra n c e  o f 

th e  v a rio u s  s p e c ie s  to  w a te r and co m p etitio n .

T o ta l la n d  a re a  on R accourci I s la n d  i s  approx im ate ly  25,000 

a c re s  and from t h i s  a rea  fo u r  s tan d s  (F ig u re  10) were chosen on land  

owned by th e  Roy 0. M artin  Lumber Company, A lex an d ria , L o u is ian a .
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F ig u re  10. Approximate pecan s tan d  lo c a t io n s  on 
R accourci I s la n d ,  La.
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Within, th e se  fo u r s ta n d s , te n  o f th e  b e s t  pecan t r e e s  were s e le c te d  

a s  seed p a re n ts  on th e  b a s is  o f t h e i r  phenotypes. S e le c tio n  c r i 

t e r i a  Included  v ig o ro u s  grow th, p o s i t io n  of th e  crown (dominant o r 

co -dom inan t), s tr a ig h tn e s s  o f b o le , absence o f lim bs fo r  a t  l e a s t  

10-15 m eters o f b o le  le n g th ,  and a f u l l  crown o n e - th ird  of th e  

t o t a l  h e ig h t o f  th e  t r e e .  These pheno typ ic  s e le c t io n s  were made 

by v is u a l  e s tim a te  in  r e l a t io n  to  n e ig h b o rin g  t r e e s  in  th e  s ta n d .

No a ttem pt was made to  app ly  a q u a n t i ta t iv e  g rad in g  system . The 

s tan d  a re a s  from which th e  s e le c t io n s  were made were about 2  a c re s  

(0 .8  h e c ta re )  o r  l e s s .  S e lec ted  s tan d s  were lo c a te d  from 0 .5  to  

5 m iles  (0 .8  to  8  km) a p a r t .

A ll t r e e s  were marked and tag g ed , and d iam eter (b re a s t  h e ig h t ) , 

t o t a l  h e ig h t,  and m erchan tab le  h e ig h t were measured (Table 8 ) .

In th e  f a l l  o f  1973, an abundant crop o f  pecan seed was a v a i l 

a b le  and c o l le c t io n s  were made from th e  40 p a ren t t r e e s  p re v io u s ly  

s e le c te d .  A g en e ra l seed  c o l le c t io n  was a lso  made in  each s tan d  

from tr e e s  th a t  had n o t been s e le c te d .  These c o l le c t io n s  were 

re p re se n te d  by many p a re n t t r e e s  o f v a r ia b le  q u a l i ty .  T h e ir purpose 

was to  se rv e  as  a c o n tro l  sam ple fo r  com parisons w ith  s e le c te d  t r e e  

perform ance to  e s tim a te  th e  e f fe c t iv e n e s s  o f in d iv id u a l  t r e e  s e le c 

t i o n s .

At l e a s t  100 seeds were c o l le c te d  from each t r e e  and p laced  in  

p o ly e th y len e  bags (4 -m il) . Seeds were th en  p laced  in  dry co ld  

s to ra g e  (2-5C) fo r  90 day s . A fte r  th e  90 day s to ra g e  p e r io d , seeds 

were soaked in  w ate r f o r  48 hours and p la n te d . One hundred seeds
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Table 8 . T o ta l h e ig h t, m erchantable h e ig h t and d iam eter b re a s t
h e ig h t fo r  40 s e le c te d  p a ren t t r e e s  lo c a te d  on Raccourci 
I s la n d , La.

S tand/T ree T o ta l H eight M erchantable Height D.B.H.

f t m f t m in cm

1 - 1 130.0 39.6 52.0 15.8 24.0 60.9
1 - 2 108.0 32.9 60.0 18.3 18.0 45.7
1-3 125.0 38.1 59.0 17.9 20.3 51.6
1-4 1 1 0 . 0 33.5 54.0 16.5 19.0 48.3
1-5 126.0 38.4 64.0 19.5 2 2 . 0 55.9
1 - 6 98.0 24.9 50.0 15.2 15.7 39.9
1-7 127.0 38.7 6 8 . 0 20.7 23.0 58.4
1 - 8 127.0 38.7 60.0 18.3 2 2 . 8 57.9
1-9 114.0 34.8 54.0 16.5 2 0 . 0 50.8
1 - 1 0 114.0 34.8 59.0 17.9 19.0 48.3

2 - 1 134.0 40.8 61.0 18.6 26.4 67.1
2 - 2 131.0 39.9 74.0 2 2 . 6 25.8 66.5
2-3 115.0 35.0 6 8 . 0 20.7 33.3 84.6
2-4 134.0 40.8 71.0 2 1 . 6 32.8 83.3
2-5 1 2 0 . 0 36.6 60.0 18.3 2 1 . 0 53.3
2 - 6 116.0 35.4 63.0 19.2 21.9 55.6
2-7 96.0 29.3 55.0 16.8 2 0 . 1 51.1
2 - 8 1 0 1 . 0 30.8 46.0 14.0 2 0 . 8 52.8
2-9 1 2 1 . 0 36.9 67.0 20.4 25.5 64.8
2 - 1 0 115.0 35.0 65.0 19.8 26.0 6 6 . 0

3-1 118 • 0 35.9 55.0 16.8 18.0 45.7
3-2 119.0 36.3 70.0 21.3 17.0 43.2
3-3 135.0 41.2 58.0 17.7 28.9 73.4
3-4 136.0 41.4 52.0 15.8 19.5 49.5
3-5 131.0 39.9 64.0 19.5 24.1 61.2
3-6 130.0 39.6 52.0 15.8 24.9 63.2
3-7 126.0 38.4 52.0 15.8 2 2 . 0 55.9
3-8 154.0 46.9 60.0 18.3 32.8 83.3
3-9 1 2 2 . 0 37.2 72.0 21.9 2 2 . 8 57.9
3-10 1 2 0 . 0 36.6 60.0 18.9 2 1 . 0 53.3

4-1 1 2 0 . 0 36.6 6 6 . 0 2 0 . 1 19.0 48.3
4-2 113.0 34.4 59.0 17.9 2 2 . 2 56.4
4-3 1 2 0 . 0 36.6 53.0 16.2 24.3 61.7
4-4 119.0 36.3 60.0 18.3 24.0 61.0
4-5 115.0 35.0 57.0 17.4 19.8 50.3
4-6 123.0 37.5 59.0 17.9 24.9 63.2
4-7 119.0 36.3 63.0 19.2 2 0 . 6 53.3
4-8 118.0 35.9 6 8 . 0 20.7 30.0 76.2
4-9 119.0 36.3 50.0 15.2 23.8 60.4
4-10 114.0 34.8 52.0 15.8 21.9 55.6
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p e r s e le c te d  p a re n t t r e e  were p la n te d  a t  th e  Bass Pecan Company 

n u rse ry , Lumberton, M is s is s ip p i ,  and th e  School o f F o re s try  n u r

s e ry , L ou isiana  S ta te  U n iv e rs ity , Baton Rouge, L o u is ian a  (F igure  

3, p . 1 7 ). In  fo u r o f th e  f a m il ie s ,  th e re  was only  enough seed 

to  p la n t  a t  one lo c a t io n  and th e s e  seed l o t s  were re p re se n te d  on ly  

a t  th e  Lumberton n u rse ry . Each n u rse ry  p la n tin g  was r e p l ic a te d  

(blocked) to  account fo r  any s o i l  d if f e re n c e s  w ith in  th e  Lumberton 

f i e ld  and between th e  Baton Rouge beds.

The Lumberton n u rse ry  was p la n te d  30 A p r il  1974 in  a lo n g , 

con tinuous row in  th e  Bass Pecan Company's n u rse ry  a re a .  They 

were p la n te d  by hand, and n u ts  were p laced  approx im ate ly  1  inch  

a p a r t .  The rows were covered w ith  about 2 in ch es  of s o i l  by a 

sm a ll, t r a c to r - p u l l e d  plow. G erm inated s e e d lin g s  re ce iv ed  th e  

s ta n d a rd  c u l tu r a l  tre a tm e n ts  f o r  Bass Pecan Company s to c k . There 

was no supplem ental w a te rin g , and weeding was done by hand or by 

m echanical equipm ent th roughou t th e  growing season .

The Baton Rouge n u rse ry  was p la n te d  18 A p r il  1974 in  two 5 - 

fo o t-w id e  n u rse ry  bed s . Seeds were p la n te d  2 in ch es a p a r t  in  5 

rows. Water was added when th e  top  2 in ch es  o f s o i l  became d ry , 

and th e  beds were weeded by hand. The e f f e c t s  o f  th e  d i f f e r e n t  

n u rse ry  p r a c t ic e s  on s u rv iv a l and growth were ex trem ely  g re a t and 

have been d iscu ssed  in  d e t a i l  in  th e  p reced in g  c h a p te r .

F i r s t - y e a r  h e ig h t measurements were made in  December 1974 a t  

both  n u rse ry  lo c a t io n s .  T o ta l h e ig h t o f th e  se e d lin g s  was measured 

to  th e  n e a re s t  0 .5  cm from th e  ground to  th e  t i p  o f th e  te rm in a l bud.
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In  February 1975 se e d lin g s  were l i f t e d  from th e  n u rse ry  bed s , 

packed in  m oist p e a t moss, and wrapped in  b u rlap  to  p ro te c t  th e  

ro o t system s. When ro o t system s were e x c e ss iv e ly  long and p re se n te d  

h and ling  problem s, th ey  were p runed . This p ro cess  was l im ite d  

to  th e  se e d lin g s  grown a t  th e  Lumberton s i t e  as th e  Baton Rouge 

s to ck  d id  n o t r e q u ire  p ru n in g .

Root d iam eter measurements were taken  s h o r t ly  a f t e r  l i f t i n g  

on 30 fa m il ie s  from th e  Baton Rouge n u rse ry  and 30 fa m ilie s  from 

th e  Lumberton n u rse ry . Ten s e e d lin g s  p e r fam ily  were measured using  

a v e rn ie r  c a l ip e r  to  o b ta in  ro o t d iam eter to  th e  n e a re s t  0 . 0 1  cm.

A ll measurements were taken  2 .0  cm below th e  ro o t c o l la r .

S t a t i s t i c a l  a n a ly s is  o f th e  d a ta  fo r  n u rse ry  h e ig h t and ro o t 

growth re v e a le d  th a t  th e re  were h ig h ly  s ig n i f i c a n t  d if fe re n c e s  in  

ro o t d iam eter between th e  two n u rse ry  tre a tm e n ts . In  a d d it io n , re 

g re ss io n  a n a ly s is  o f  s e e d lin g  h e ig h t growth on  seed s iz e  in d ic a te d  

a s ig n i f ic a n t  p o s i t iv e  c o r r e la t io n .  These in flu e n c e s  have been d is 

cussed  in  C hapter I I I .

Because o f th e se  in f lu e n c e s , com parisons o f  f i r s t - y e a r  growth 

r e s u l t s  were l im ite d  to  fam ily  d if fe re n c e s  w ith in  each n u rse ry  

p la n tin g  and th e se  were su b je c t to  th e  in flu e n c e  o f seed s iz e .

Seed s iz e  e f f e c t s  were n o t ap p aren t f o r  second-year h e ig h t growth 

and th e  f i e ld  p la n tin g s  o f th e  progeny t e s t  were designed to  com

p en sa te  fo r  th e  n u rse ry  e f f e c t .  S eed ling  s to c k  grown a t  Lumberton 

was p la n te d  a t  Lumberton and a t  Baton Rouge to  p rov ide  r e p l ic a t io n  

to  t e s t  fo r  genotype-environm ent in te r a c t io n s .  Seed ling  s to ck
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grown a t  Baton Rouge was o u tp la n te d  a t  Baton Rouge and a t  W ashington 

(F ig u re  11).

A ccordingly , m ajor emphasis has been p laced  on f ie ld  s u rv iv a l  

and second-year growth in  th e  fo llo w in g  d isc u ss io n  of progeny t e s t  

r e s u l t s .  The d e s ig n  o f  th e  r e p l ic a te d  f i e ld  p la n tin g s  a lso  p ro v id ed  

fo r  a n a ly s is  of genotype-environm ent in te ra c t io n s  by comparing th e  

r e s u l t s  a t  th e  p la n t in g  s i t e s .

A ll  th re e  o u tp la n tin g  s i t e s  w ere lo c a te d  a t  approxim ately  

th e  same l a t i tu d e  and c lim a tic  c o n d itio n s  were s im i la r .  The 

W ashington, L a ., p la n t in g  was lo c a te d  approxim ately  4 m iles n o r th  

o f th e  town on th e  T h is t le th w a ite  W ild life  Management a re a . The 

Lum berton, M iss ., p la n t in g  was lo c a te d  about 5 m iles  n o r th e a s t o f  

th e  town and was p la n te d  on th e  B ass Pecan Company la n d . The Baton 

Rouge, L a ., s i t e  was lo c a te d  so u th  o f  th e  c i ty  on th e  L ou isiana  S ta te  

U n iv e rs ity , Ben Hur Farm (F igure  3 , p . 17 ).

A ll th re e  s i t e s  had been o r  were in  a g r ic u l tu r a l  p ro d u c tio n . 

They v a ry  in  s o i l  ty p e ,  f e r t i l i t y ,  pH and o rgan ic  m a tte r  co n ten t 

(T ab le  9 ) .  The Lumberton s i t e  was more a c id ic ,  low er in  o rg an ic  

m a tte r  and in  K, Ca, Mg. The Baton Rouge and Lumberton s i t e s  w ere 

d isc e d  p r io r  to  p la n t in g .  The W ashington s i t e  was n o t d isced  and 

s e e d lin g s  were p la n te d  in  o ld  soybean s tu b b le  on e le v a te d  rows.

A ll s i t e s  w ere p la n te d  in  l a t e  February and e a r ly  March 1975. 

S eed lin g s  were p la n te d  w ith  a s ta n d a rd  d ib b le  a t  a 10 x 1 0 -fo o t 

sp a c in g . Each o p e n -p o llin a te d  fam ily  was re p re se n te d  by a  f i v e - t r e e



Lumberton Baton Rou£e W ashington
O utp lan ting  O u tp lan tin g  O u tp lan ting

S i te  S i te  S i te

Lumberton
N u r s e r y

Seedlings
Only

***** — Family

Lumberton and Baton Rouge 
N ursery S eed lings P lan ted  

in  P a r a l le l  Fam ily P lo t s .

xxxxx _ .,
* * * * *  —  F a m i l y

Baton Rouge 
N ursery 

S eed lings 
Only

xxxxx -— Family

F igu re  11. P la n tin g  scheme fo r  th e  Lumberton,
W ashington, and Baton Rouge p la n tin g  
s i t e s .
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Table 9. N u tr ie n t l e v e l s ,  pH and o rg an ic  m a tte r  co n ten t o f  to p -  
s o i l  and s u b s o il  a t  W ashington, Lumberton and Baton 
Rouge p la n tin g  s i t e s .

E x tra c ta b le  N u tr ie n ts  Organic
S i te  Block Depth P K Ca Mg pH M atter

In  PPM P ercen t

W ashington i 0 - 8 7 117 1990 862 6 .3 2.29
M 2 t l 5 145 1700 656 6 . 0 2.52
I t 3 t t 5 139 1680 774 6 . 0 2,50
I t 4 II 5 144 1380 606 5.9 1.77

11 1 18-24 5 216 2400 1 0 0 0 6 . 0 0.73
VI 2 11 5 208 2460 1 0 0 0 5 .8 0 . 6 8
11 3 I t 7 175 1930 1 0 0 0 6 . 1 0.52
If 4 If 5 75 780 372 6 . 0 0 .36

Baton Rouge 1 0 - 8 48 270 2690 727 6 . 2 1.35
II 2 i i 72 231 3200 914 6 .5 1.77
f f 3 i t 1 1 0 234 3170 939 6 .7 1.72
11 4 m 57 205 2840 809 6.4 1.14

If 1 18-24 8 6 134 2440 1 0 0 0 6.5 0 .62
11 2 i t 8 6 170 3060 1 0 0 0 7.0 0.62
VI 3 i i 124 187 3160 1 0 0 0 6.9 0 .99
IV 4 i i 76 159 2530 848 6 .7 0.31

Lumberton 1 0 - 8 24 62 240 54 5 .8 0 .7 8
VI 2 i t 24 61 310 83 5 .8 0.62
11 3 M 31 84 310 8 8 5 .8 0 .73
vr 4 i i 53 73 280 79 6 . 0 0.55

IV 1 18-24 5 30 310 108 5 .9 0 .08
t t 2 n 5 27 430 187 5 .7 0.36
i f 3 n 7 19 260 89 5 .8 0 .13
i t 4 i i 5 33 230 69 5 .9 0 . 2 1
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l i n e  p lo t .  Each t e s t  was r e p l ic a te d  four tim es to  account fo r  any 

v a r ia t io n  w ith in  th e  s i t e s .

Measurements o f h e ig h t growth a t  th e  end o f th e  f i r s t  y ea r 

a f t e r  o u tp la n tin g  (second-year growth) were made in  November 1975. 

H eigh ts were measured w ith  a m eter s t i c k  to  th e  n e a re s t  0 .5  cm.

The s t a t i s t i c a l  desig n  was a  randomized b lo ck  w ith  a f a c t o r i a l  

arrangem ent. In  e f f e c t ,  th re e  d i f f e r e n t  an a ly se s  were conducted .

One was on th e  p a r a l l e l  fam ily  p lo t s  a t  th e  Baton Rouge o u tp la n tin g  

s i t e  to  determ ine second-year n u rse ry  e f f e c t s  which were d isc u ssed  

in  th e  p reced in g  ch ap te r . The second a n a ly s is  compared f a m ilie s  

grown a t  th e  Lumberton n u rse ry  in  term s o f f i e ld  perform ance a t  

Baton Rouge and Lumberton. The th i r d  a n a ly s is  compared th e  f a m ilie s  

grown a t  the Baton Rouge n u rse ry  in  term s o f f i e l d  perform ance a t  

Baton Rouge and W ashington.

R e su lts  and D iscussion

F i r s t  y ea r  grow th. The a n a ly s is  o f  v a r ia n c e  fo r  h e ig h t and 

ro o t d iam eter growth in  th e  n u r s e r ie s  a re  p re se n te d  in  T ab les 5 

and 6  (p . 51 and 5 2 ). The o u ts ta n d in g  r e la t io n s h ip s  found in  both 

a n a ly se s  were th e  h ig h ly  s ig n i f ic a n t  d if fe re n c e s  between n u r s e r ie s .  

S eed lings grown a t  th e  Lumberton n u rse ry  were 18 p e rcen t t a l l e r  

and had ro o t d iam eters  22 p e rc en t la r g e r  th an  th o se  grown a t  Baton 

Rouge. This n u rse ry  e f f e c t  was d iscu ssed  in  C hapter I I I .  Major 

n u rse ry  s i t e  d if fe re n c e s  were a ls o  r e f le c te d  by h ig h ly  s ig n i f ic a n t  

v a lu e s  fo r  genotype-environm ent in te r a c t io n s .  The e f f e c t  on in d i 

v id u a l fam ily  means can be compared in  Table 10 .
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T able 10. Family means fo r  f i r s t - y e a r  ro o t d iam eter and top
growth o f 40 o p e n -p o llin a te d  pecan f a m il ie s .  F am ilies  
exceeding o v e r a l l  n u rse ry  mean u n d e rlin e d .

Mean Root D iam eter Mean S eed ling  Height
Fam ily Lumberton Baton Rouge Lumberton Baton Rouge

N ursery N ursery N ursery N ursery

cm cm cm cm
O v era ll N ursery

Mean 0.81 0 . 6 6 18.38 15.53

1 - 1 0.90 0 .60 14.93 13.66
1 - 2 0.79 0.60 15.62 13.83
1-3 1.07 0 .50 15.20 15.07
1-4 0 .63 a 17.92
1-5 0 .71 0 .61 16.32 13.47
1 - 6 0.85 0.45 14.47 10.62
1-7 0 . 8 8 0.54 16.99 14.03
1 - 8 0.70 0 .44 15.35 13.29
1-9 0 .93 0.59 18.94 15.53
1 - 1 0 0 .83 0 .72 20.15 16.73

2 - 1 0.85 0 . 6 6 21.06 14.55
2 - 2 0 .73 0 .84 20.46 16.27
2-3 0 . 6 6 0.72 19.19 14.26
2-4 0.57 0.70 16.48 14.44
2-5 0.82 0 .71 17.66 16.54
2 - 6 0.70 0 .63 15.09 14.59
2-7 0 .81 18.96
2 - 8 0 .78 14.68
2-9
2 - 1 0 0.89 0.72 20.07 17.80

3-1 0 .84 0.70 17.49 14.17
3-2 21.15 12.53
3-3 0 .99 0 .65 16.68 14.79
3-4 0.74 14.46 12.78
3-5 0 .83 14.92 12.14
3-6 0.69 13.45 13.32
3-7 0 .95 0 .60 19.24 14.99
3-8 0 . 8 8 0 .83 21.84 18.50
3-9 0.67 17.14 15.10
3-10 0.84 0 .56 18.06 13.15
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Table 10. Cont.

Mean Root Diameter Mean Seedling Height
Family Lumberton Baton Rouge Lumberton Baton Rouge

N ursery Nursery N ursery Nursery

cm

4-1 1 . 0 0
4-2 0 . 8 8
4-3 0.74
4-4 0.81
4-5 0.58
4-6 0.91
4-7 0.91
4-8 0.85
4-9 0.80
4-10 0.72

U -lb 0 . 6 8
U-2 0.89
U-3 0.72
U-4 1.08

cm

0.70
0.83

0.98
0.54
0.70
0.63
0.63
0.82
0.56

0.56
0.61
0.57

cm

25.45
20.59
22.11
18.69
16.54
24.89
18.68
20.92
23.25
17.56

15.99
21.11
19.83
20.05

cm

2 1 ..94
2 1 ,. 2 2
19,.56
19,.29
14,.80
16,.63
14,.47
16,.49
17,.59
15,.91

17,.31
16,.53
16,.74
15,.39

aSeedlings no t a v a i la b le  due to  la c k  of seed or m o r ta l i ty .  

U nselected c o l le c t io n  and s tan d  a rea  from which c o lle c te d .
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D iffe ren ces  in  fam ily  perform ances fo r  h e ig h t and ro o t d iam eter 

growth a t  th e  end of th e  f i r s t  growing season were a lso  h ig h ly  

s ig n i f ic a n t  ( P < 0 .0 1 ) .  This la r g e  degree of in d iv id u a l  p a re n t-  

t r e e  o r  fam ily  v a r ia t io n  was found among th e  p ro g en ies  o f  p aren t 

t r e e s  s e le c te d  from one lo c a l  so u rc e , R accourci I s la n d . The 

p resen ce  o f  t h i s  la rg e  degree o f g e n e tic  v a r ia t io n  w ith in  a sm all 

s tu d y  a re a  i s  a s tro n g  in d ic a t io n  o f  th e  g e n e tic  d iv e r s i ty  found in  

w ild  p o p u la tio n s  o f pecan.

To f u r th e r  e v a lu a te  t h i s  v a r ia t io n  and th e  r e l a t i v e  perform 

ance o f th e  f a m ilie s  o f th e  40 s e le c te d  p a ren t t r e e s ,  mean va lues 

f o r  h e ig h t and ro o t d iam eters  were compared. Fam ily means fo r  ro o t 

d iam eter and h e ig h t growth fo r  b o th  n u rse ry  lo c a t io n s  a re  p resen ted  

in  Table 10 w ith  f a m ilie s  e x h ib i t in g  perform ance above th e  lo c a tio n  

mean in d ic a te d  by u n d e r lin in g . An exam ination o f  th e s e  fam ily  means 

shows th a t  only  7 f a m il ie s  o f th e  40 p a ren t t r e e s  o r ig in a l ly  s e le c te d  

w ere perform ing  above th e  average fo r  bo th  h e ig h t and ro o t diam eter 

growth a t  b o th  n u rse ry  lo c a t io n s .  F am ilies  e x h ib i t in g  su p e r io r  

perform ance were F am ilie s  1-10, 2 -10 , 3 -8 , 4 -1 , 4 -2 , 4 -4 , and 4 -6 .

The fo u r u n se le c te d  s ta n d  c o l le c t io n s  (u n se le c ted  t r e e s  

th roughout each s tan d ) perform ed w e ll when compared to  s e le c te d  

f a m il ie s .  For h e ig h t ,  th re e  o f th e  fo u r u n se le c te d  s tan d  c o l le c 

t io n s  exceeded th e  lo c a t io n  mean a t  b o th  n u r s e r ie s  (Table 1 0 ), 

w hereas only  7 of th e  40 s e le c te d  f a m ilie s  perform ed th i s  w e ll. 

However, r e s u l t s  o f  t h i s  type were n o t found fo r  ro o t d iam eter 

growth r a t e  where th e  lo c a t io n  mean was exceeded by only  two
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u n se le c te d  s tan d  c o l le c t io n s  a t  one n u rse ry  lo c a t io n .  By looking 

a t  only f i r s t - y e a r  n u rse ry  perform ance fo r  h e ig h t grow th, one 

m ight conclude th a t  u n se le c te d  s tan d  c o l le c t io n s  were j u s t  as 

e f f e c t iv e  as In d iv id u a l t r e e  s e le c t io n .

However, when comparing th e  r e s u l t s  o f  in d iv id u a l  paren t t r e e  

s e le c t io n  to  u n s e le c te d  s tan d  c o l le c t io n  fo r  each  a r e a ,  the r e s u l t s  

a re  v a r ia b le .  A com parison of th e  mean perform ance o f se le c te d  

fa m ilie s  to  th a t  o f  th e  u n se le c ted  c o l le c t io n  in  S tands 2 and 3 

in d ic a te  th a t  p a re n t t r e e  s e le c t io n  was in e f f e c t iv e  fo r  increased  

se e d lin g  h e ig h t in  th e se  s ta n d s j fo r  example, none o f th e  s e le c te d  

fa m il ie s  grown a t  Lumberton exceeded th e  u n s e le c te d  c o lle c t io n  

means fo r  t h i s  t r a i t  in  Stand 2 and only  one fam ily  (3-8) exceeded 

th e  u n se le c ted  means in  S tand 3. Stand 1 was somewhat in te rm ed ia te  

w ith  5 fa m ilie s  exceeding  th e  u n se le c te d  s tan d  mean fo r  heigh t 

growth. On th e  o th e r  hand, in d iv id u a l s e le c t io n  in  Stand 4 appeared 

q u ite  e f f e c t iv e  fo r  s e e d lin g  h e ig h t;  in  th e  Lumberton n u rsery , 6  

s e le c te d  fa m ilie s  exceeded th e  u n se le c ted  mean w h ile  8  d id  so in  

th e  Baton Rouge n u rse ry .

For ro o t d iam ete r growth, in d iv id u a l t r e e  s e le c t io n  appeared 

h ig h ly  e f f e c t iv e  in  Stand 1 and m oderately  e f f e c t iv e  in  Stands 2 

and 3. S u rp r is in g ly ,  ro o t d iam eters  of s e le c te d  fam ily  seed lin g s  

in  Stand 4 were g e n e ra lly  sm a lle r  th an  th o se  o f  u n se le c te d  seed

l i n g s .  I t  might be concluded, th e re fo re ,  t h a t  in d iv id u a l  t r e e  

s e le c t io n  i s  n o t e f f e c t iv e  in  pecan.
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To determ ine i f  th e re  was a  s ig n i f i c a n t  r e la t io n s h ip  between 

seed  w eight and h e ig h t grow th o f a l l  f a m ilie s  fo r  th e  f i r s t  and 

second y e a r , a  re g re s s io n  a n a ly s is  was done. The r e s u l t s  of th i s  

in v e s t ig a t io n  showed th a t  th e r e  was a  h ig h ly  s ig n i f ic a n t  (P < 0 .0 1 ) 

seed  s iz e  (r^  = 0 . 1 2 ) e f f e c t  on h e ig h t growth in  th e  f i r s t  year 

b u t th a t  t h i s  e f f e c t  was n o t  s ig n i f i c a n t  by th e  end o f  th e  second 

y e a r .

Because o f the  s e e d -s iz e  e f f e c t ,  th e  r e s u l t s  p re se n ted  in  

t h i s  s e c tio n  on f i r s t  y ea r grow th must be viewed w ith  t h i s  in  mind. 

A lso , many of th e  fa m ilie s  found exceeding  th e  mean growth fo r  

h e ig h t and ro o t  d iam eter w ere a lso  from la r g e r  s iz e  seed  lo ts  and 

th e  e f f e c t  o f seed  s iz e  h a s  p robab ly  been expressed  in  th e se  e a r ly  

grow th r e s u l t s .

Second y e a r  h e ig h t g row th . The o b je c t iv e  o f th e  a n a ly s is  o f 

second y ear h e ig h t growth was to  o b ta in  in fo rm atio n  on th e  g e n e tic  

v a r ia t io n  among th e  fo u r s e le c te d  s ta n d s , th e  g e n e tic  v a r ia t io n  

and f i e ld  perform ance o f  th e  40 s e le c te d  f a m il ie s ,  and environm ent-  

genotype in te r a c t io n s  th a t  m ight have o ccu rred  between p la n tin g  

s i t e s .  In  th e  p reced ing  s e c t io n ,  concern was no ted  p e r ta in in g  to  

th e  e f f e c t  o f  seed s iz e  on i n i t i a l  ( f i r s t - y e a r )  g row th , but an a ly 

s i s  in d ic a te d  th a t  th e re  was no e f f e c t  o f seed s iz e  on seed lin g  

growth a f t e r  th e  f i r s t  grow ing season . T h e re fo re , t h i s  second-year 

d a ta  should b e  more u s e fu l  in  de term in ing  g e n e tic  d if fe re n c e s  among 

se e d lin g  f a m il ie s .
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X. Stand v a r ia t io n  and f i e ld  perform ance: The purpose o f

s e le c t io n  of pecan t r e e s  w ith in  sm all s ta n d  a re a s  and e v a lu a tio n  

o f  s tan d  v a r i a b i l i t y  was to  p ro v id e  some in fo rm atio n  on th e  degree 

o f  r e la t io n s h ip  among p a re n t t r e e s  w ith in  s tan d s  of t h i s  monoecious, 

w in d -p o llin a te d  s p e c ie s .

In  th e  an a ly ses  o f  second-year h e ig h t growth a t  a l l  p la n tin g  

s i t e s ,  th e re  was h ig h ly  s ig n i f ic a n t  (P ^  0 .0 1 ) v a r ia t io n  among 

s ta n d s . T his in d ic a te s  th a t  in  a d d it io n  to  In d iv id u a l t r e e  v a r i 

a t io n ,  th e re  i s  a ls o  d e te c ta b le  v a r ia t io n  fo r  c e r ta in  t r a i t s  ( in  

t h i s  c a se , h e ig h t growth) between s tan d s  o r sm all b reed in g  groups 

w ith in  lo c a l  p o p u la tio n s  of pecan . I f  th e r e  i s  in b re ed in g  w ith in  

s ta n d s , th e r e  may be a  tendency f o r  s tan d s  w ith in  p o p u la tio n s  to  

develop some degree o f hom ozygosity, and th e re fo re  a c lo s e r  geno

ty p ic -p h e n o ty p ic  r e la t io n s h ip  among t r e e s  w ith in  th e  in d iv id u a l  

s ta n d s .

T his would be p o s s ib le  in  n a tu r a l  pecan s tan d s  because th e  

m a jo rity  o f th e  p o lle n  d issem inated  I s  p robab ly  in te rc e p te d  by 

t r e e s  in  th e  immediate a re a  o f th e  p o lle n  paren t*  With l i t t l e  in 

c lu s io n  o f new g e n e tic  m a te r ia l  from o u ts id e  s ta n d s , th e  t r e e s  

Involved  could  develop a p a t te r n  fo r  e x p re ss io n  o f c e r ta in  t r a i t s  

which would be d i f f e r e n t  from a s ta n d  o f pecan lo c a te d  a  sh o rt 

d is ta n c e  away which had evolved in  a d iv e rg e n t manner. Thus, in 

d iv id u a l t r e e s  rem ain h ig h ly  v a r ia b le  b u t t r e e s  w ith in  s tan d s  may 

e x h ib i t  a c lo se r  degree o f r e la t io n s h ip  to  t h e i r  n e ig h b o rs  than 

to  d i s t a n t  pecan t r e e s .
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The s ta n d s  from R accourci I s la n d  had s t a t i s t i c a l l y  s ig n i f ic a n t  

d if f e re n c e s  in  h e ig h t growth bu t no lo g ic a l  p a t te r n  could be de

term ined fo r  t h i s  v a r ia t io n .  G en e ra lly , th e  o rd er o f mean second- 

y e a r  h e ig h t growth rem ained th e  same as  f i r s t  y ear growth (s tan d  

o rd e r  was 4 , 2 , 1 , and 3 ) ,  w ith  th e  e x cep tio n  o f th e  r e s u l t s  a t  

th e  Lumberton s i t e  (T able 1 1 ). A lso, th e  s tan d  con sid e red  to  have 

been th e  p o o re s t (S tand 4) in  term s o f p a re n ta l  phenotypes se 

le c te d ,  I s  th e  one th a t  has th e  b e s t  progeny in  th e  Lumberton 

p la n tin g  and I t  a ls o  c o n ta in s  th e  m a jo r ity  o f th e  f a m il ie s  ex

h ib i t in g  above average perform ance in  ro o t d iam eter and h e ig h t 

growth th e  f i r s t  y ea r and h e ig h t growth th e  second y e a r . A pparen tly , 

p r e d ic t io n  o f th e  perform ance of a g iven  s tan d  o f pecan by p a re n ta l  

phenotypes a lo n e  i s  n o t p o s s ib le  and th e se  r e s u l t s  em phasize th e  

Im portance o f progeny t e s t i n g .

2. fa m ily  v a r ia t io n  and f i e l d  perform ance: Family v a r ia t io n

in  s u rv iv a l  and second-year h e ig h t growth was found to  be h ig h ly  

s ig n i f i c a n t  f o r  a l l  p la n t in g  s i t e s .  This su p p o rts  th e  th eo ry  of a 

la rg e  degree o f  g e n e tic  d iv e r s i ty  In  w ild  p o p u la tio n s  o f pecan.

These pecan f a m il ie s  a re  th e  progeny o f o p e n -p o llin a te d  fem ale 

p a re n t t r e e s  s e le c te d  on th e  b a s is  o f  t h e i r  e x c e l le n t  phenotypes. 

A lthough o n ly  th e  b e s t  p a re n ts  were s e le c te d  in  each s tan d  and 

most p a re n t t r e e s  w ere p h en o ty p ic a lly  s im i la r ,  th e re  i s  s t i l l  t r e 

mendous v a r ia t io n  among th e  in d iv id u a l o p e n -p o llin a te d  f a m il ie s .

T his g e n e tic  d iv e r s i ty  i s  id e a l  f o r  th e  f o r e s t  t r e e  b reed er 

as  i t  p ro v id e s  a  la rg e  g e n e tic  base  from which m a te r ia l  can be
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Table 11. Stand means fo r  second y ea r h e ig h t growth o f fa m ilie s  
from two n u r s e r ie s  p la n te d  a t  Lumberton, Baton Rouge, 
and W ashington.

O u tp lan tin g  Mean
N ursery L ocation  Stand Height

cm

Lumberton Lumberton 2 30.86
I I I I 4 29.68
IV VI 3 29.01
H I t 1 28.92

vr Baton Rouge 4 2 1 . 2 0vr ti 2 20.73
n M 1 20.39
ii II 3 19.42

Baton Rouge Washington 4 16.63
ii 11 2 16.63iv 11 1 15.48
i i I f 3 15.19

i i Baton Rouge 4 18.93n i i 2 18.18iv IV 1 16.40iv 11 3 16.07
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o b ta in ed  when needed fo r  improvement program s. I f  no phenotypic 

s e le c t io n  had been p ra c t ic e d  and p a ren t t r e e s  chosen a t  random, 

th e  g e n e tic  d iv e r s i ty  would p robably  have been even g r e a te r .

An extrem e example o f betw een-fam ily  h e ig h t growth v a r ia t io n  

i s  e x h ib ite d  by two fa m ilie s  grown a t  th e  Baton Rouge s i t e  (Lumberton 

n u rse ry  s e e d lin g s ) .  These a re  th e  o p e n -p o llin a te d  p ro g en ies  o f 

Fam ily 3-4 (Table 12) which had a mean second-year h e ig h t o f 15.95 

cm and Family 4 -1  which had a mean second-year h e ig h t of 25.95 cm. 

This i s  39 p e rcen t d if f e re n c e  between s e e d lin g  fa m ilie s  of p a re n t 

t r e e s  which were th e  r e s u l t  o f  pheno typ ic  s e le c t io n s .  The same 

p a t te r n  o f la rg e  d if fe re n c e s  in  growth r a te  was a lso  no ted  between 

fa m ilie s  a t  th e  o th e r two o u tp la n tin g  s i t e s ,  though th e  extrem es 

were n o t as g re a t .

The mean v a lu es  f o r  second-year h e ig h t growth o f a l l  fa m ilie s  

p la n te d  a t  th e  Lum berton/Baton Rouge and W ashington/Baton Rouge 

s i t e s  a re  p re sen ted  in  Table 12. By determ in ing  th e  fa m ilie s  ex

ceed ing  mean second-year h e ig h t growth a t  each p la n tin g  s i t e  (under

l in e d )  and comparing th e se  r e s u l t s  w ith  th e  mean v a lu e s  f o r  f i r s t -  

y ea r growth (Table 1 0 ), some fa m ilie s  a re  found to  be growing w e ll 

a t  a l l  lo c a t io n s .  These a re  Family 2 -10 , 3 -8 , 4 -1 , 4 -2 , and 4-4 . 

Thus, by th e  end o f th e  second y ear o f growth, on ly  f iv e  fa m ilie s  

grew b e t t e r  than  th e  p la n ta t io n  average a t  a l l  lo c a tio n s  fo r  bo th  

y e a rs . These r e s u l t s  a re  based on on ly  two years  of grow th. Many 

o f th e  fa m ilie s  grew w e ll in  one lo c a t io n  bu t n o t th e  o th e r .
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Table 12 . Second-year h e ig h t growth mean v a lu e s  w ith  pecan fa m ilie s  
exceeding o v e ra l l  lo c a t io n  mean u n d e rlin e d .

Lumberton n u rse ry  s to c k  Baton Rouge n u rse ry  s to ck  
Fam ily Lumberton Baton Rouge Washington Baton Rouge

O u tp lan tin g  O u tp lan tin g  O u tp lan ting  O u tp lan tin g

cm cm cm cm
O v e ra ll Location

Mean 29.66 20.41 15.91 17.39

1 - 1 26.17 17.54 15.12 14.38
1 - 2 22.77 17.34 13.55 17.68
1-3 32.71 24.70 15.69 16.17
1-4 25.80 19.97 a
1-5 30.94 17.18 14.33 16.26
1 - 6 31.00 15.75 10.50 15.88
1-7 30.53 23.27 14.21 14.12
1 - 8 29.63 19.16 9.75 15.43
1-9 30.28 22.30 20.73 16.86
1 - 1 0 27.45 24.94 19.68 20.25

Stand Mean 28.92 20.39 15.48 16.40

2 - 1 33.00 22.83 16.35 18.83
2 - 2 30.58 20.42 15.09 16.65
2-3 21.67 12.58 17.76
2-4 3 2 . 1 2 23.67 13.60 16.44
2-5 28.17 17.62 20.83 16.57
2 - 6 33.85 19.50 14.47 18.28
2-7 27.10 18.67 2 1 . 0 0
2 - 8 26.18 18.36
2-9
2 - 1 0 35.78 23.00 19.21 22.29

Stand Mean 30.86 20.73 16.63 18.18

3-1 22.57 19 .31 17.10 15.50
3-2 32.00 20.15 11.31
3-3 28.70 21.09 15.20 17.47
3-4 15.95 1 2 . 8 8 16.11
3-5 17.43 13.23
3-6 17.24 17.12 14.66
3-7 31.28 19.55 14.17 18.34
3-8 30.50 22.53 19.40 20.28
3-9 29.68 19.31 14.90 16.37
3-10 29.38 22.06 14.64 14.18

Stand Mean 29.01 19.42 15.19 16.07
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Table 12 . Cont.

Lumberton n u rse ry  s to c k Baton Rouge n u rse ry  s tock
Family Lumberton Baton Rouge Washington Baton Rouge

O u tp lan tin g O u tp lan tin g O utp lan ting O utp lan ting

cm cm cm cm

4-1 31.36 25.95 18.28 2 0 . 1 0
4-2 26.26 23.78 20.67 19.74
4-3 31.76 18.18 18.00 19.95
4-4 34.24 2 0 . 0 0 21.92
4-5 24.47 20 .59 14.71 17.25
4-6 29.26 21.15 13.58 17.84
4-7 29.76 20 .43 15.38 14.54
4-8 28.13 19.57 14.50 16.35
4-9 33.28 24.75 15.41 17.09
4-10 30.05 17.61 18.00 24.68

Stand Mean 29.68 2 1 . 2 0 16.63 18.93

U -lb 26.86 12.32 16.41 15.22
U- 2 30.95 23.70 19.06 25.05
U-3 26.05 2 0 . 8 6 17.00 19.39
U-4 32.60 26.92 16.00 14.56

a S eed ling  n o t a v a i la b le  due to  la c k  o f seed as m o r ta l i ty .  

^U nselected  c o l le c t io n  and s tan d  a re a  from which c o l le c te d .
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In  most o f  th e  ca se s , progeny perform ance was b e t t e r  in  p la n tin g s  

th a t  were from the  Lumberton n u rse ry  which in d ic a te s  th a t  th e  e f 

f e c ts  o f th e  n u rse ry  environm ent may be ex trem ely  im portan t no t 

only  in  p ro d u c tio n  o f 1 - 0  s e e d lin g s  b u t in  th e  y ea rs  fo llow ing  

o u tp la n tin g .

As in  th e  f i r s t - y e a r  growth a n a ly s is ,  g en e ra l s ta n d  c o l le c t io n s  

were in c lu d ed  in  th e  progeny t e s t  to  determ ine how an u n se le c te d  

group o f se e d lin g s  compared to  th e  s e le c te d  fa m ilie s  d iscu ssed  

above. The g en era l c o l le c t io n s  were growing w ell a t  th e  end o f 

th e  f i r s t  y ea r in  th e  n u rse ry  and a n a ly s is  o f  second-year h e ig h t 

growth showed th a t  two o f  th e  s tan d  c o l le c t io n s  were s t i l l  p e r

form ing above average a t  bo th  th e  Lumberton/Baton Rouge and W ashington/ 

Baton Rouge s i t e s  (T able 1 2 ) . However, only Stand 2 i s  above th e  

p la n ta t io n  average fo r  h e ig h t growth a t  a l l  p la n t in g  s i t e s .  This 

s tand  c o l le c t io n  was a ls o  above average  fo r  h e ig h t growth a t  both  

n u rse ry  lo c a t io n s .

A gain, a s  w ith  th e  r e s u l t s  ~~ th e  f i r s t - y e a r  h e ig h t grow th, a 

comparison o f s e l e c t - t r e e  progeny perform ance to  th a t  o f  se e d lin g s  

in  th e  u n se le c te d  s ta n d  c o l le c t io n s  y ie ld e d  v a r ia b le  r e s u l t s .  For 

example, in d iv id u a l  t r e e  s e le c t io n  was a p p a re n tly  e f f e c t iv e  In  

Stand 1 where s e le c te d  fa m ilie s  outgrew  th e  u n se le c te d  s tan d  c o l

le c t io n  a t  two of th e  th re e  lo c a t io n s .  At th e  o th e r  extrem e, 

s e le c te d  fa m ilie s  o f S tand 2 grew p o o rly  when compared to  th e  means 

fo r  th e  u n se le c te d  se e d lin g s  a t  each  p la n tin g  s i t e .  When means fo r



87

s e le c te d  s tan d s  (Table 11) a re  compared w ith  g e n e ra l c o l le c t io n  

means (Table 1 2 ), th e re  i s  a  tre n d  fo r  th e  s e le c te d  fam ily  means 

to  be h ig h e r on th e  b e t t e r  of th e  two s i t e s  (Lumberton s i t e  over 

th e  Baton Rouge, Baton Rouge over W ashington). T his tre n d  should  

be observed in  subsequent measurements to  see  i f  i t  i s  m ain ta ined  

a s  th e  t r e e s  g e t o ld e r .

In  summary, only one u n se le c te d  s tan d  c o l le c t io n  and f iv e  

s e le c te d  fa m ilie s  o f 40 have e x h ib ite d  s u p e r io r  growth th roughou t 

t h i s  s tu d y . T h is i s  an in d ic a t io n  th a t  some f a m il ie s  grow w e ll 

(above average) on a l l  s i t e s .  However, many fa m il ie s  v a r ie d  

g r e a t ly  in  t h e i r  growth a t  th e  d i f f e r e n t  s i t e s  in d ic a t in g  th a t  

th e re  was some degree of in te r a c t io n  between genotypes and p la n tin g  

s i t e s .

3. G enotype-environm ent in te r a c t io n s :  The Baton Rouge/ 

Lumberton p la n t in g  s i t e s  (e s ta b l is h e d  w ith  se e d lin g  grown a t  th e  

Lumberton n u rse ry )  were v ery  d i f f e r e n t  from each o th e r  In  term s 

o f s o i l  ty p e , dep th  o f th e  top  s o i l ,  f e r t i l i t y  l e v e ls  and growth 

o f unwanted v e g e ta tio n . The Baton Rouge s i t e  was th e  most f e r t i l e  

(T able 9 , p . 7 3 ), bu t c o n s is te d  of heavy (gumbo) c lay  s o i l s  and 

supported  heavy weed growth.

The W ashington/Baton Rouge s i t e s  (e s ta b l is h e d  w ith  se e d lin g s  

grown a t  th e  Baton Rouge n u rse ry )  were more s im i la r  to  each  o th e r 

in  term s of s o i l  f e r t i l i t y ,  te x tu re  and weed grow th. Both were 

e s s e n t i a l ly  ty p ic a l  bottom land s i t e s .



88

The a n a ly s is  o f  v a r ia n c e  fo r  second-year h e ig h t growth a t  

th e  W ashington/Baton Rouge s i t e s  re v ea led  no genotype-environm ent 

in te r a c t io n .  This i s  n o t too  s u rp r is in g  because o f th e  s im i la r i ty  

o f  th e  two s i t e s  in  term s o f c lim a te  and s o i l s .  This s im i la r i ty  

i s  r e f le c te d  in  th e  o v e ra l l  second-year h e ig h t growth means where 

th e  s e e d lin g s  growing a t  W ashington had a mean h e ig h t growth of 

15 .9  cm and th e  s e e d lin g s  grown a t  Baton Rouge had a mean h e ig h t 

growth of 17 .4  cm, o r only  a 1 .5  cm mean d if f e re n c e .

Growth was n o t s im ila r  between th e  Lumberton and Baton Rouge 

p la n tin g  s i t e s ,  and a n a ly s is  o f  v a r ia n c e  fo r  second-year h e ig h t 

growth re v ea led  h ig h ly  s ig n i f i c a n t  (P <  0 .01) genotype-environm ent 

in te r a c t io n s  between th e  two s i t e s .  These in te r a c t io n s  a re  i l 

lu s t r a t e d  in  th e  com parison o f fam ily  means f o r  Lumberton and Baton 

Rouge in  Table 12, where th e  r e l a t i v e  rank ing  o f  fam ily  perform ance 

i s  s ig n i f i c a n t ly  d i f f e r e n t  a t  each lo c a t io n . A s p e c i f ic  example 

o f th e  e f f e c t  o f th e  d i f f e r e n t  environm ents on p a r t i c u la r  genotypes 

i s  p rov ided  by Stand 4. The f a m il ie s  ranked 1 , 2 , 3, 4 , 5 (F am ilies  

4 -1 , 4 -9 , 4 -2 , 4 -6 , and 4-4) in  term s o f second y ea r h e ig h t growth 

a t  Baton Rouge ranked 4, 2 , 9, 7, and 10, r e s p e c t iv e ly ,  in  th e  

Lumberton p la n t in g .

The environm ent n o t on ly  a f f e c te d  th e  r e l a t i v e  ran k in g  of 

fa m ilie s  b u t a l t e r e d  th e  mean h e ig h t growth by a  co n s id e rab le  

m argin between th e  two d i f f e r e n t  s i t e s  of Baton Rouge and Lumberton. 

Two examples o f  e x c e l le n t  fam ily  growth a t  Lumberton and poor 

growth a t  th e  Baton Rouge s i t e  were F am ilie s  1-5 and 1-6 w hich
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had mean h e ig h t growth o f 30.94 cm and 3X.00 cm a t  Lumberton and 

17.18 cm and 15.75 cm a t  Baton Rouge, r e s p e c t iv e ly .  This i s  an 

in c re a se  in  growth o f  44 and 49 p e rc e n t from one s i t e  to  th e  

o th e r  and t h i s  a lso  a f f e c te d  th e  rank ing  of th e se  fa m il ie s .  In 

f a c t ,  F am ilies  1-5 and 1-6 a re  ranked 3 and 2 a t  Lumberton and 9 

and 10 a t  Baton Rouge.

T h is la rg e  e f f e c t  o f th e  environm ent on some o f th e  genotypes 

i s  very  e v id e n t. In  a l l  f a m ilie s  th e re  was some evidence o f genotype- 

environm ent in te r a c t io n  between th e  Lumberton and Baton Rouge s i t e s .  

However, th e r e  was a c o n s id e rab le  range in  growth perform ance of 

th e se  fa m il ie s  w ith  some showing extrem e changes in  growth and 

rank ing  w h ile  o th e r  f a m il ie s  were n o t a f fe c te d  to  t h i s  m agnitude.

This change in  rank ing  and in d iv id u a l perform ance due to  genotype- 

environm ent in te r a c t io n  i s  g ra p h ic a lly  shown in  F igu res 12-15.

The la rg e  range in  h e ig h t growth of fa m ilie s  a t  th e  two s i t e s  

in d ic a te s  th a t  s e le c t io n  o f genotypes to  match th e  p a r t i c u la r  en

vironm ent may be f e a s ib le .  In  t h i s  study  th e re  were fa m il ie s  

th a t  d id  w e ll r e g a rd le s s  o f where th ey  were p la n te d . Some d id  

w e ll on one s i t e  bu t p o o rly  on th e  o th e r .  Thus, much co n s id e ra 

t io n  should  be given to  m atching genotypes to  th e  environm ents in  

which th ey  may be p la n te d . I f  in d iv id u a l  fa m il ie s  th a t  w i l l  p e r

form w e ll over a range o f  environm ents can be determ ined , then  

reduced growth th a t  may r e s u l t  from th e  in co m p a ta b llity  o f a 

genotype w ith  a p a r t i c u la r  s i t e  can be avoided .
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F igure  12. Mean t o t a l  h e ig h t growth o f S tand 1 
f a m ilie s  p la n te d  a t  Baton Rouge and 
Lumberton.
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F ig u re  13. Mean t o t a l  h e ig h t growth of S tand 2 
fa m ilie s  p la n te d  a t  Baton Rouge and 
Lumberton,
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F ig u re  14. Mean t o t a l  h e ig h t growth of S tand 3 

fa m il ie s  p la n te d  a t  Baton Rouge and 
Lumberton
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FAMILY
F igure  15. Mean t o t a l  h e ig h t growth of Stand 4 

fa m il ie s  p la n te d  a t  Baton Rouge and 
Lumberton.
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Pecan i s  s i t e - s p e c i f i c ,  and improvement work must e i th e r  

match genotypes to  th e  environm ent o r f in d  genotypes th a t  a re  

capable of growing over a  la rg e  range o f environm ents. With pecan, 

th e  g en e tic  d iv e r s i ty  i s  ap p a ren tly  a v a i la b le  and from th i s  study 

in d ic a tio n s  a re  th a t  e i t h e r  method could be u t i l i z e d  to  p rov ide  

pecan se e d lin g s  s u i ta b le  fo r  many d i f f e r e n t  s i t e s .

4. Summary of second-year growth r e s u l t s :  Second-year

growth, l i k e  r e s u l t s  o f th e  f i r s t  y e a r , in d ic a te d  a co n s id e rab le  

degree o f g e n e tic  v a r ia t io n  fo r  h e ig h t growth among th e  40 open- 

p o l l in a te d  s e le c te d  f a m il ie s .  Several f a m il ie s  were found to  be 

perform ing above average on a l l  th re e  s i t e s  and o th e r  fa m ilie s  

were above average on a t  l e a s t  one s i t e .  Genotype-environm ent 

in te r a c t io n s  were d e te c te d  between the  Lumberton and Baton Rouge 

s i t e s  which r e s u l te d  in  changes in  h e ig h t growth of fa m ilie s  grown 

a t  th e se  lo c a t io n s .  In  some cases th e  r e l a t i v e  rank ings were 

r a d ic a l ly  changed w h ile  a  few fa m ilie s  rem ained c o n s is te n t  reg a rd 

le s s  o f s i t e .

■ Comparisons between s e le c t io n  methods (u n se lec ted  s tan d  v e rsu s  

in d iv id u a l t r e e  s e le c t io n s )  in d ic a te d  th a t  seed lin g s  from s tan d s 

c o n ta in in g  good phenotypes were perform ing in  a s a t i s f a c to r y  

manner and were in  some cases  growing b e t t e r  than  th e  p rogen ies  

o f p h en o ty p lca lly  s e le c te d  p a re n ts . However, no c le a rc u t  conclu

s io n s  could be made o th e r  than th a t  g e n e ra l c o l le c t io n s  and s e le c te d  

p ro g en ies  were very  s im i la r  in  mean second-year h e ig h t growth r a te .



H e r l t a b l l i ty  e s t im a te s . Components o f  v a ria n c e  and h e r i t a b i l i -  

t i e s  fo r  second-year h e ig h t growth of pecan a re  e s tim a ted  u s in g  th e  

fo llo w in g  mean square  components:

Source o f V a ria tio n Expected Mean Square

S ite Ve + NVfb + NBVfg + NFVb + NFBVg

Ve + NVfb + NFVb

Ve + NVfb + NBV£s +  NBSVf

Ve + NVfb + NBVfg

Ve + NV^

B lo ck /S ite

Tree (fam ily )

Tree x  S i te

Tree x  B lo c k /S ite

E rro r

Where: F ,B ,S , and N re p re s e n t th e  numbers of t r e e s ,  b locks
p e r  s i t e ,  s i t e s ,  and t r e e s  p e r  p lo t ,  r e s p e c t iv e ly ;  Ve , , V£ s »
V f. Vb , and Vs a re  v a r ia n c e s  due to  t r e e -w i th in  p lo t ,  t r e e  x 
b lo c k - w i th in - s i te ,  t r e e  x  s i t e ,  t r e e ,  b lo c k / s i t e  and s i t e ,  r e 
s p e c t iv e ly .

The expected  mean sq u are  es tim ated  and th e  fo llo w in g  e s tim a te s  

fo r  fam ily  (broad  sense) and s in g le  t r e e  (narrow  sense) h e r i t a b i l i 

t i e s  c lo se ly  fo llo w  W rig h t's  (1976) v a r ia n c e  a n a ly s is  f o r  a r e p l i 

c a te d  h a l f - s ib  progeny t e s t .

The p rocedures used to  e s tim a te  h e r i t a b i l i t i e s  a re  a s  fo llo w s:

Fam ily h e r i t a b i l i t i e s  = Vf
Ve/NBS + Vfb /BS + Vfg /S  + Vf

and

S in g le  t r e e  h e r i t a b i l i t i e s  =
v e + v £b + V£o + V£
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For th e  purpose o f t h i s  s tu d y , no n u rse ry  h e r i t a b i l i t y  e s t i 

m ates were made because o f th e  e f f e c t  o f seed s iz e  on fam ily p e r

formance in  th e  f i r s t - y e a r  growth o f pecan p ro g en ie s . G a ll and 

T a f t (1973) found th i s  s e e d -s iz e  e f f e c t  in  red  oak p rogen ies  and 

th ey  suggested  th a t  s e e d -s iz e  e f f e c t  may b ia s  any h e r i t a b i l i t y  

e s tim a te  based on f i r s t  y ea r n u rse ry  growth. Data from th ese  

pecan s tu d ie s  s tro n g ly  su p p o rt th e i r  o b se rv a tio n s . However, th e  

s e e d -s iz e  e f f e c t  was d im in ished  by th e  end o f th e  second-year in  

th e  p re se n t study  and, th e r e fo r e ,  h e r i t a b i l i t y  e s tim a te s  fo r  second- 

y ea r  h e ig h t growth should  be v a l id .

The h e r i t a b i l i t y  e s tim a te s  fo r  second year h e ig h t growth o f  

pecan (Table 13) a re  in  th e  range of th o se  re p o rte d  by Bey (1970) 

and Bey e t  a l .  (1971) fo r  h e ig h t growth of b lack  w a ln u t. There 

were co n s id e ra b le  d if fe re n c e s  in  th e  h e r i t a b i l i t y  e s tim a te s  c a l 

c u la te d  fo r  th e  Lum berton/Baton Rouge p la n tin g  and th o se  fo r  th e  

W ashington/Baton Rouge p la n tin g . The v a lu e s  fo r  th e  l a t t e r  were 

h ig h e r  and th i s  i s  p a r t ly  due to  genotype-environm ent in te r a c t io n  

between the  Lumberton and Baton Rouge s i t e s  and th e  absence o f 

in te r a c t io n  between th e  o th e r  two s i t e s .  In  th e  e s tim a tin g  equa

t io n s  th e  more uniform  environm ent between th e  Baton Rouge and 

W ashington p la n tin g  s i t e s  i s  r e f le c te d  in  th e  v a r ia n c e  fo r  t r e e  

( v p  and t r e e  x  s i t e  ( v ^ ) .

H e r i t a b i l i t y  e s tim a te s  exp ress  th e  r e la t io n s h ip  between pheno

ty p ic  and geno typ ic  v a lu e s  fo r  a  s p e c i f ic  t r a i t . They a lso



Table 13. E stim ated v a rian ce  components and h e r i t a b i l i t i e s  fo r  second year 
h e ig h t growth.

P lan tin g
S ite s Vf Vfb Vfs Ve

Broad
h2

Narrow
h2

Lumberton and 
Baton Rouge

306.08 444.04 110.71 4792.54 0.57 0.22

Washington and 
Baton Rouge

380.01 406.74 0.0 2921.24 0.74 0.41



determ ine th e  r e l a t i v e  e f fe c t iv e n e s s  o f s e le c t io n ;  th e  h ig h er th e  

h e r i t a b i l i t y ,  th e  more su c c e s s fu l  th e  s e le c t io n  p ro cess  and the  

g re a te r  th e  g e n e tic  ga ins w i l l  be. A t r a i t  e x h ib i t in g  a h igh  

h e r i t a b i l i t y  can be s e le c te d  fo r  w ith  con fidence  th a t  g e n e tic  

ga ins w i l l  be o b ta in ed  from t h i s  s e le c t io n ,  p rov ided  th a t  th e re  

i s  adequate  g e n e tic  v a r ia t io n  to  p rov ide  fo r  an e f f e c t iv e  s e le c 

t io n  d i f f e r e n t i a l .

The narrow  sense  h e r i t a b i l i t i e s  fo r  second-year h e ig h t in  

t h i s  s tudy  were 0 .22  fo r  th e  Lumberton/Baton Rouge p la n tin g  and 

0 .4 1  fo r  th e  W ashington/Baton Rouge p la n t in g .  These e s tim a te s  

a re  m oderate to  h igh  and s e le c t io n  o f pecan fo r  s u p e r io r  h e ig h t 

growth should  r e s u l t  in  e a r ly  g e n e tic  g a in . The pecan t r e e  

b reed e r can, w ith  a degree of accu racy , know th a t  progeny from 

p a re n ts  s e le c te d  fo r  su p e r io r  h e ig h t w i l l  a ls o  e x h ib i t  t h i s  ch arac

t e r i s t i c .

In  summary, th e  la rg e  degree of g e n e tic  v a r ia t io n  among 

fa m il ie s  and th e  range o f h e r i t a b i l i t y  e s tim a te s  from t h i s  study  

in d ic a te  th a t  s e le c t io n  o f  pecan f o r  s u p e r io r  h e ig h t growth should 

be s u c c e s s fu l .  The e s tim a te s  v a r ie d  between th e  p la n tin g  s i t e s ,  

r e f l e c t i n g  th e  s i t e - s p e c i f i c i t y  o f pecan and th e  p resen ce  of 

genotype-environm ent in te r a c t io n s .  These two f a c to r s  must be 

co n sid e red  a s  th ey  w i l l  have c o n s id e ra b le  e f f e c t  on th e  o v e ra l l  

su ccess  o f  a  t r e e  im p ro v em en t-re fo re s ta tio n  program fo r  pecan.



CHAPTER V

GENETIC VARIATION IN PECAN (A SUMMARY)

The e v a lu a tio n  o f g e n e tic  d iv e r s i ty  in  w ild  p o p u la tio n s  o f 

pecan i s  e s s e n t ia l  fo r  an improvement program to  p ro g ress  w ith  any 

degree o f su c c e ss . Though much work has been done on th e  h o r t i 

c u l tu r a l  p o s s i b i l i t i e s  (n u t p ro d u c tio n ) , l i t t l e  i s  known o f  th e  

p o te n t ia l  fo r  improvement o f  t h i s  sp e c ie s  fo r  tim ber p ro d u c tio n . 

R ecen tly , in c re a se d  v a lu e  o f  pecan wood p ro d u c ts  has rev iv ed  in 

t e r e s t  in  th e  s p e c ie s , and em phasis must be p laced  on th e  p re se rv a 

t io n  and u t i l i z a t i o n  o f th e  g e n e tic  m a te r ia l  now a v a i la b le  to  in su re  

h ig h  q u a l i ty  t r e e s  fo r  th e  f u tu r e .

Black w alnu t, a r e l a t i v e  o f  pecan, has been in  g re a t demand 

fo r  n u t and wood p ro d u c ts  fo r  many y ea rs  and improvement programs 

in v e s t ig a t in g  th e  v a r i a b i l i t y  in  n a tu r a l  s tan d s  and th e  use o f t h i s  

v a r i a b i l i t y  in  b reed in g  programs to  p ro v id e  w alnut wood and n u t 

p ro d u c ts  have been s u c c e s s fu l .  I f  pecan e x h ib i ts  adequate  v a r ia 

t io n  n o t only  in  lo c a l  p o p u la tio n s  b u t th roughout i t s  la rg e  n a t iv e  

ran g e , th e re  i s  no reaso n  a  program o f g e n e tic  improvement by s e le c 

t io n ,  progeny and provenance t e s t i n g ,  and b reed in g  work cannot 

improve t h i s  bottom land .hardwood s p e c ie s ,  much in  th e  same manner as 

b la ck  w alnu t.

97
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C u rren tly , e x c e l le n t  p o p u la tio n s  o f pecan a re  a v a i la b le  so 

th a t  su p e rio r  phenotypes can be lo c a te d  w ith o u t g re a t d i f f i c u l t y .  

However, as  tim e p ro g re sse s  and th e se  m ature s tan d s  a re  h a rv e s te d , 

many t r e e s  th a t  a re  p o te n t ia l ly  v a lu a b le , g e n e t ic a l ly ,  may be l o s t .  

Thus, t h i s  e x c e l le n t  and abundant pecan gene pool must be u t i l i z e d  

now.

The i n i t i a l  phase of th e  pecan improvement program i s  a 

progeny t e s t  o f  40 p h e n o ty p ica lly  s e le c te d  p a re n t t r e e s .  The p a ren t 

t r e e  s e le c t io n s  were made in  th e  M is s is s ip p i  R iver flood  p la in  of 

so u th ern  L o u is ian a . W ithin t h i s  a re a ,  fo u r  s tan d s  were s e le c te d  

and, w ith in  th e s e ,  th e  10 b e s t  t r e e s  were chosen as  seed p a re n ts .

The o b je c t iv e  o f t h i s  method o f s e le c t io n  was to  o b ta in  in fo rm atio n  

on th e  g e n e tic  v a r ia t io n  in  sm all b reed ing  groups a s  w e ll as  on in 

d iv id u a l t r e e  v a r ia t io n  in  n a t iv e  pecan p o p u la tio n s .

The r e s u l t s  o f  the progeny t e s t  a re  based on two y e a r s ' growth 

and p ro v id e  some in te r e s t in g  in fo rm atio n  upon which o th e r  a sp e c ts  of 

re se a rc h  w ith  t h i s  sp ec ie s  can be based .

E v a lu a tio n  of h e ig h t and ro o t growth showed c o n s id e ra b le  v a r i 

a t io n  among o p e n -p o llin a te d  f a m il ie s .  T h is v a r ia t io n  i s  an im portan t 

elem ent in  fu tu re  improvement work because i t  i d e n t i f i e s  a v a r ia b le  

gene p o o l fo r  f u tu re  s e le c t io n  and b reed in g . The p resence  of t h i s  

g e n e tic  d iv e r s i ty  should en ab le  g e n e tic  g a in s  in  h e ig h t growth and, 

p e rh ap s , in  o th e r  t r a i t s  to  be in v e s t ig a te d  in  th e  f u tu r e .

S ev era l f a m il ie s  have been id e n t i f i e d  th a t  a r e  growing w e ll 

on a l l  th re e  p la n tin g  s iteB  in  t h i s  s tu d y . Two o f  th e  s i t e s  a re
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ty p ic a l  bottom land hardwood a re a s  (Washington and Baton Rouge, L a .) , 

w h ile  th e  t h i r d  i s  a  more ty p ic a l  upland p in e - ty p e  s i t e  (Lumberton, 

M is s .) .  There was no genotype-environm ent in te r a c t io n  d e te c te d  be

tween th e  two bottomland s i t e s ,  bu t th e re  was a s ig n i f ic a n t  genotype- 

environm ent in te ra c t io n  betw een th e  bottom land and upland s i t e s .  

Somewhat s u rp r is in g ly ,  th e  b e s t  growth was reco rd ed  on th e  upland 

s i t e .  A pparen tly , t h i s  can be a t t r ib u te d  p r im a r i ly  to  th e  b e t t e r  

d ra in ag e  on th e  upland s i t e  w hich promoted b e t t e r  ro o t developm ent, 

s u rv iv a l ,  and growth.

F am ilie s  th a t  perform ed w e ll a t  a l l  lo c a t io n s  in d ic a te  some 

g e n e tic  p l a s t i c i t y  or a d a p ta b i l i ty  to  d i f f e r e n t  s i t e s .  However, 

many f a m il ie s  grew w ell on on ly  one o r two o f th e  s i t e s  and geno

type-environm ent in te r a c t io n s  w ere found when comparing upland 

v ersu s  bottom land s i t e s .  For more a c c u ra te  in fo rm atio n  on g en era l 

or s p e c i f i c  perform ance, l a r g e r  sc a le  s tu d ie s  must be conducted on 

a d d i t io n a l  s i t e s ,  perhaps in c lu d in g  some o f  th e  o p e n -p o llin a te d  

fa m ilie s  from th i s  s tu d y .

Pecan, l ik e  many hardwood sp e c ie s , i s  monoecious and w ind- 

p o l l in a te d  and th e  degree to  which sm all s ta n d s  o r b reed in g  popula

t io n s  a re  r e la te d  or in b re d  i s  n o t known. T his s tudy  in c lu d ed  stand  

s e le c t io n  to  t e s t  th e  v a r i a b i l i t y  found between th e  s ta n d s . As 

a lre a d y  n o te d , th e re  was a  la r g e  degree o f v a r ia t io n  among open- 

p o l l in a te d  fa m ilie s  bu t a l s o  a  s ig n i f ic a n t  degree o f v a r i a b i l i t y  

among s ta n d s .  This in d ic a te s  th a t  th e  t r e e s  growing w ith in  s tan d s  

( th a t  i s ,  in  th e  same b reed in g  p o p u la tio n ) , though g e n e t ic a l ly

i
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v a r ia b le  in d iv id u a l ly ,  e x h ib i t  a c lo s e r  r e la t io n s h ip  to  o th e r  t r e e s  

in  th a t  s tan d  than  to  th o se  t r e e s  lo c a te d  in  o th e r  s tan d s  in  th e  

same g en e ra l a re a . A low r a te  o f  m ig ra tio n  and e v o lu tio n  along 

d iv e rg en t l i n e s  could account fo r  th e  d if f e re n c e s  among s ta n d s .

When th e  c o l le c t io n s  o f  seed fo r  t h i s  study  were made, a 

g en era l seed c o l le c t io n  was taken  from u n se le c ted  t r e e s  chosen a t  

random throughou t each s ta n d . This was done to  determ ine th e  e f 

fe c tiv e n e s s  o f in d iv id u a l t r e e  s e le c t io n s .  When compared w ith  th e  

o v e r a l l  means o f  s e le c te d  fa m il ie s  th e  mean h e ig h t growth o f th e  

u n se le c te d  p ro g en ies  compared fa v o ra b ly , b u t u n se le c te d  progeny means 

were g e n e ra lly  exceeded by one o r more in d iv id u a l fam ily  means.

These r e s u l t s  were h ig h ly  v a r ia b le  and no r e a l  p a t te rn  could be de

te c te d .  Of th e  g en era l c o l le c t io n s ,  th e  one from Stand 2 was 

g e n e ra lly  th e  b e s t ,  whereas the  m a jo r ity  o f  th e  s e le c te d  fa m ilie s  

perform ing above average came from Stand 4 . I t  should  be n o ted , 

however, th a t  u n se le c ted  t r e e s  from which th e  g en e ra l c o l le c t io n s  

were taken  were r e l a t iv e ly  good phenotypes and t h i s  may account fo r  

th e  perform ance o f t h e i r  progeny. A lso , i f  th e  h y p o th esis  o f  s tan d  

in b reed in g  i s  v a l id ,  th en  a l l  t r e e s  in  th e  same s tan d  may have 

r e l a t iv e ly  s im ila r  g e n e tic  makeup and pheno typ ic  d if fe re n c e s  may be 

due more to  environm ental f a c to r s .

Perhaps th e  most im portan t f in d in g  o f  t h i s  s tu d y  was the  m ajor 

e f f e c t  th a t  n u rse ry  p rocedures and n u rse ry  s i t e  had on the  growth o f  

se e d lin g s  in  th e  f i r s t  and second y e a rs . A ll se e d lin g s  grown a t  

Lumberton, M is s is s ip p i ,  developed much la r g e r  ro o t system s in  th e
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n u rse ry  bed and, when o u tp la n te d  they  had b e t t e r  s u rv iv a l ,  i n i t i a t e d  

growth sooner, and grew f a s t e r  than  th o se  se e d lin g s  grown in  th e  

Baton Rouge n u rse ry .

D if fe re n t n u rse ry  s o i l  c o n d it io n s , w ate r reg im es, and c u l

t u r a l  p r a c t ic e s  were th e  c a u sa tiv e  f a c to r s  f o r  th e  d i f f e r e n t i a l  

growth r a te s  o f th e  s e e d lin g s , and a p p a re n tly , n u rse ry  s o i l s  and 

p r a c t ic e s  should be designed to  encourage v igo rous ro o t grow th.

The p ro d u c tio n  o f la r g e ,  v ig o ro u s  se e d lin g s  would g re a t ly  in c re a se  

e a r ly  s u rv iv a l and growth and t h i s  p o s i t iv e  n u rse ry  e f f e c t  may p e r 

s i s t  f o r  s e v e ra l  y e a rs .

No a ttem p t was made to  e s tim a te  th e  h e r i t a b i l i t y  o f f i r s t - y e a r  

growth because o f  a p o s i t iv e  seed  s iz e -s e e d lln g  growth r e la t io n s h ip .  

In v e s t ig a t io n s  showed th a t  th e  la rg e r-s e e d e d  fa m ilie s  had g re a te r  

i n i t i a l  s e e d lin g  h e ig h t growth and th u s  perform ance In th e  f i r s t  

y e a r  may be due, in  p a r t ,  to  th e  e f f e c t  of seed  s iz e .  T h is  seed 

s iz e  to  se e d lin g  growth r e la t io n s h ip  may perhaps c o n tr ib u te  to  th e  

p ro d u c tio n  o f l a r g e r  s e e d lin g s  th rough  s e le c t in g  p a re n t t r e e s  on 

th e  b a s is  o f  seed  s iz e  as w e ll as  fa v o ra b le  economic t r a i t s  such as 

growth r a t e ,  form o r p e s t  r e s i s ta n c e .

Seed s iz e  d id  n o t In flu e n ce  second-year growth and h e r i t a b i l i t y  

e s tim a te s  were c a lc u la te d  fo r  h e ig h t grow th. These e s tim a te s  ranged 

from 0.57 to  0 .7 4  fo r  broad sen se  and from 0.22  to  0 .41  fo r  narrow  

se n se . The h e r i t a b i l i t y  e s tim a te s  a r e  c lo se  to  th o se  c a lc u la te d  

fo r  o th e r  la rg e -se e d e d  hardwood sp e c ie s  and th ey  in d ic a te  th a t  th e re
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should  be e x c e l le n t  o p p o rtu n ity  to  e f f e c t  g e n e tic  gain  fo r  h e ig h t 

growth in  pecan by s e le c t io n  and b reed in g .

These h e r i t a b i l i t y  e s tim a te s  a re  based on second-year growth 

r e s u l t s ,  however, and they  shou ld  be r e -c a lc u la te d  as th e  progeny 

t e s t s  m ature. H e r i t a b i l i t y  e s tim a te s  a re  n o t a b so lu te  and they  

vary  accord ing  to  ag e , genotype and environm ent. These h e r i t a b i l i t y  

e s tim a te s  apply on ly  to  th e  c o n d itio n s  o f t h i s  study  and a re  n o t a 

broad e s tim a te  o f h e r i t a b i l i t y  o f growth r a t e  in  pecan.

With an in d ic a t io n  of th e  h e r i t a b i l i t y  o f growth r a t e ,  th e  

degree o f v a r ia t io n  among p a re n t t r e e s ,  and o th e r  r e s u l t s  from th is  

s tu d y , what methods can be used to  most e f f e c t iv e ly  o b ta in  g en e tic  

gain' in  pecan? There a re  two p o s s i b i l i t i e s  fo r  s e le c t io n — s in g le 

t r e e  o r  s tan d  s e le c t io n s .  The s in g le - t r e e  method re q u ire s  more tim e 

in  s e le c t in g  p a re n t t r e e s  and c o l le c t in g  seed b u t may prove to  be 

more e f f i c i e n t  fo r  th e  d e te c t io n  o f su p e rio r  geno types. However, 

ev idence p o in ts  to  in b reed in g  w ith in  s ta n d s  and a  degree o f  homo

z y g o s ity  among p a re n t t r e e s  w ith in  s ta n d s . Thus, su p e r io r  s tan d  

s e le c t io n  may prove to  be more e f f e c t iv e  th an  o r ig in a l ly  b e liev ed  

and, though only  fo u r s ta n d s  were sampled in  t h i s  s tu d y , th e  un

s e le c te d  progeny perform ed w e ll th rough  age two.

Stand s e le c t io n  would r e q u ire  g u id e lin e s  to  lo c a te  s ta n d s  con

ta in in g  a m a jo rity  o f good phenotypes and a knowledge of p a s t stand  

c o n d itio n s  (h ig h -g rad in g  may be c r i t i c a l ) . P rogen ies  from th e se  

s tan d s  should  produce good se e d lin g s  and th e se  should  be re ta in e d  

fo r  fu tu re  s e le c t io n  and b reed in g . Using th iB  method o f progeny
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t e s t i n g ,  a la rg e  number o f s e e d lin g s  would be grown and only th e  

b e s t  of th e se  would be in c lu d ed  in  seed  o rch a rd s .

The in d iv id u a l - t r e e  s e le c t io n  method would c o n s is t  o f e s ta b 

l i s h in g  g ra f te d  c lo n a l seed  o rch a rd s  and s ta n d a rd  progeny t e s t i n g .  

I n f e r io r  c lo n es  would be rogued on th e  b a s is  o f progeny t e s t  r e 

s u l t s .

Which method may prove th e  most e f f i c i e n t  rem ains to  be 

answ ered. The use  o f in d iv id u a l t r e e  s e le c t io n s  employing very  

r ig i d  s e le c t io n  c r i t e r i a  would p ro b ab ly  p rov ide  a few fa m ilie s  th a t  

a re  e x c e l le n t  f o r  th e  t r a i t  in  q u e s tio n . The use of s tan d  s e le c t io n  

(m odified  mass s e le c t io n )  would p robab ly  g ive  th e  q u ic k e s t r e s u l t s  

and p rov ide  a l a r g e r  g e n e tic  base  to  work w ith  in  fu tu re  genera

t io n s .  Thus, in d iv id u a l - t r e e  s e le c t io n  v e rsu s  s tan d  s e le c t io n  may 

r e s u l t  in  e i t h e r  a  few cloneB o f  o u ts tan d in g  q u a l i ty  o r a la rg e  

number o f t r e e s  o f  e x c e l le n t  q u a l i ty  b u t n o t q u i te  a s  good as th e  

in d iv id u a l s e le c t io n s .  S tu d ies  on combining a b i l i t i e s  and tim e to  

reach  sex u a l m a tu rity  may f u r th e r  in f lu e n c e  th e  b reed in g  s t r a te g y .

F u tu re  Work

This s tudy  was th e  i n i t i a l  in v e s t ig a t io n  o f th e  g e n e tic  v a r i 

a b i l i t y  o f  pecan and th e  p ro sp e c ts  f o r  im proving th e  tim ber p ro d u c tio n  

o f th e  sp e c ie s  through  s e le c t io n  and b reed in g . S e le c tio n  and b reed in g  

f o r  growth r a t e  should  be e f f e c t iv e  b u t th e re  i s  much more re se a rc h  

in fo rm atio n  needed to  a r r iv e  a t  an e f f i c i e n t  b reed in g  system . F u tu re  

s tu d ie s  should  In c lu d e :
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1 .

2 .

3.

4 .

5.

6 .

7.

8 .

9.

10.

Continued e v a lu a tio n  o f t h i s  progeny t e s t  f o r  growth, 
s u rv iv a l ,  and n u rse ry  e f f e c t ;

R e c a lc u la tio n  o f h e r i t a b i l i t i e s  f o r  growth and e v a lu a tio n  
of form, p e s t  r e s i s ta n c e ,  and wood p ro p e r t ie s  as th e  t r e e s  
m ature;

A d d itio n a l progeny t e s t in g  o f fa m ilie s  s e le c te d  from 
v a r io u s  lo c a t io n s  r e p l ic a te d  on a  number o f s i t e s ;

A more com prehensive study  of mass o r s tan d  s e le c t io n  
as  a method to  improve pecan;

Provenance t e s t  ( c u r re n tly  under study) to  ev a lu a te  th e  
g e n e tic  v a r i a b i l i t y  th roughou t th e  range o f pecan;

In v e s t ig a t io n s  in to  v e g e ta t iv e  p ro p ag a tio n  methods a v a i l 
a b le  fo r  use w ith  t h i s  sp e c ie s  fo r  fu tu re  c lo n a l seed 
o rch a rd s ;

S tu d ie s  to  develop tech n iq u es  fo r  c o n t r o l- p o l l in a t in g  
f o r e s t  grown pecan fo r  use in  f u l l - s i b  progeny t e s t ;

In v e s t ig a t io n s  in to  th e  s i l v i c u l t u r a l  a s p e c ts  o f p la n t in g ,  
sp ac in g , and th in n in g  req u irem en ts  o f  th e  sp e c ie s ;

In v e s t ig a t io n s  in to  th e  most e f f i c i e n t  methods of producing  
la rg e  s e e d lin g s ,  in c lu d in g  con ta iner-g row n  s e e d lin g s ;

In v e s t ig a t io n s  in to  th e  p o te n t ia l  o f th e  h y b rid  x 
le c o n te i  in  b reed in g  fo r  tim b er p ro d u c tio n  and p o ss ib ly  
ro o t s to c k  p ro d u c tio n  fo r  h o r t i c u l tu r a l  u se .
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