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ABSTRACT

A study  was dev ised  to  in v e s tig a te  the  e f f e c t  o f s o i l  m oisture on 

h e ig h t growth of s la s h  p ine  (Pinus e l l i o t t i i  Engelm.) in  L ouisiana.

The o b je c tiv e s  were to  id e n t i f y  th e  c r i t i c a l  seasonal pe riods which 

in fluence  annual h e ig h t growth, and to  c o n s tru c t p re d ic tio n  equations 

which q u an tify  the  r e la t io n s h ip ,  and e s ta b l is h  th e  tre n d  of th e  s o i l  

m oisture regime th rough  th e  y ear.

Five s la sh  p ine  p la n ta t io n s  rang ing  in  age from 11 to  18 years were 

chosen fo r study. The p la n ta t io n s  were d is t r ib u te d  throughout Louisiana 

on s o i l s  of both th e  Gulf C o asta l P la in  and Flatwoods physiographic 

reg io n s . F ive to  e ig h t  o n e -te n th  acre  p lo ts  were lo c a te d  in  each 

p la n ta t io n ;  a  t o t a l  of 33 p lo ts  were tak en . P a s t annual h e ig h t growth 

of f iv e  t r e e s  in  each  p lo t  was e s tim a te d  by the  len g th  of in ternodes fo r  

a s ix -y e a r  p e rio d  (195^ to  1959) • S o il  p i t s  were dug a t  each p lo t and 

a v a ila b le  s o i l  m o is tu re -h o ld in g  c a p a c ity  was determ ined by standard  

la b o ra to ry  methods.

The p la n ta tio n s  from which th e  d a ta  were taken  showed rem arkably 

uniform  growth over the  p e rio d  of s tudy . This supports the  observations 

of o th e r  re se a rc h e rs  who have found l i t t l e  r a c i a l  v a r ia t io n  in  s la sh  

pine, and have no ted  th a t  i t  i s  a  homogenous sp ec ies  which seems to  grow 

uniform ly w e ll u n le s s  p la n te d  in  u n su ita b le  c lim ates  or on d i s t in c t ly  

un su itab le  s i t e s .

A computer program was w r i t te n  based on Thornthw aite*s w ater-balance 

equation . C lim a to lo g ica l d a ta  from a w eather s ta t io n  near each study

v i i



v i i i

p la n ta t io n  were used to  compute d a ily  e v a p o tra n sp ira tio n  and a v a ila b le  

s o i l  m o istu re . The d a ily  s o i l  m oisture f ig u re s  were th e n  combined in to  

36 10-day p e rio d s beginning January 1 and covered the p e r io d  1953 to  1959*

C o rre la tio n  analyses showed extrem ely h ig h  c o r r e la t io n  between 10-day 

s o i l  m oisture p e rio d s , thus p reclud ing  the use of m u ltip le  re g re s s io n  

a n a ly s is  in  e v a lu a tin g  the  e f f e c ts  of in d iv id u a l s o i l  m o istu re  periods 

on h e ig h t growth. In s tead , m u ltiv a r ia te  a n a ly s is  was used  to  id e n t i fy  

th e  p r in c ip a l  components so th a t  the e f f e c t  o f  in te r  c o r r e la t io n  among 

th e  independent s o i l  m oisture v a ria b le s  was reduced . I t  was found th a t  

s o i l  m oisture in  th e  year preceding growth accounted f o r  10 to  63 p e rcen t 

o f the  v a r ia t io n  in  he ig h t growth a t  th e  f iv e  p la n ta t io n s ,w h ile  s o i l  

m oisture of the  growth year accounted fo r  10 t o  k-5 p e rc e n t of the  v a r i ­

a t io n .  No s in g le  10-day p e rio d  was o u ts tan d in g  in  i t s  c o n tr ib u tio n  

toward h e ig h t growth. Inverse re la tio n sh ip s  o c c a s io n a lly  appeared, 

p a r t i c u la r ly  in  the  w in ter periods preceding growth and l a t e  in  the  

growing season.

Based on the  p re lim in a ry  an a ly sis  of the 36 10-day p e rio d s , the  

p e rio d s were grouped in to  longer in te rv a ls  ran g in g  from  20 to  160 days.

The combined a n a ly s is  of s o i l  m oisture of the  hew grouped p e rio d s  in  

th e  year p reced ing  growth w ith  th a t  of the growth year accounted  fo r  26 

to  76 p e rc en t of th e  t o t a l  v a r ia tio n  in  h e ig h t growth. A nalyses of the  

f iv e  p la n ta t io n s  showed l i t t l e  agreement as t o  which s o i l  m oisture 

periods a re  u n iv e rs a lly  most im portan t. No s in g le  grouped p e rio d  seemed 

o u tstan d in g  in  determ ining growth, bu t c o l le c t iv e ly  th e  s o i l  m oisture 

du ring  th ese  p e rio d s  accounted fo r  a la rg e  p ro p o rtio n  o f th e  v a r ia t io n  

in  t o t a l  h e ig h t growth.

R e su lts  of t h i s  study ten d  to  support th e  hypo thesis  t h a t  the  h e ig h t



growth of m u ltin o d a l s la s h  pine i s  determ ined by a combination of the 

prev ious year*s growth c o n d itio n s  and th e  co n d itio n s o f the growth y ear, 

the  f i r s t  f lu s h  o f growth in  the  sp rin g  be ing  m orphologically  determ ined 

by the  bud l a id  down in  the  prev ious y e a r, w hile subsequent growth f lu sh e s  

a re  in flu en ced  by w eather co n d itio n s p re v a ilin g  in  the  growth year.



INTRODUCTION

Since man experienced  h is  f i r s t  impulse to  exp lo re  th e  wonders o f 

n a tu re , s c i e n t i s t s  have been seek ing  th e  p re c is e  r e la t io n s h ip  of p la n ts  

and th e i r  environm ent. A r i s to t l e ,  350 y ears  b e fo re  th e  b i r t h  of C h r is t ,  

developed a  ph ilosophy  o f p la n t  growth which th e o r iz e d  th e  e x is te n c e  of 

a "b o tan ica l sou l"  t h a t  re g u la te s  th e  p h y s io lo g ic a l a c t i v i t i e s  o f p la n ts .  

T his v ita l is m  dominated p la n t  sc ien ce  u n t i l  th e  e a r ly  n in e te e n th  cen tu ry  

when the  d isco v ery  of osmosis p rov ided  a p h y s ic a l ex p lan a tio n  fo r  many 

phenomena. Thus v ita l is m  was re p la c e d  by a  m echan istic  concept th a t  

assumes a l l  p la n t  p rocesses can be ex p la in ed  by chem ical and p h y s ic a l 

p r in c ip le s .

Although p la n t  growth depends on chem ical and p h y s ic a l p ro cesses 

t o  m ain tain  c e l l  enlargem ent and d iv is io n ,  i t  i s  o f te n  d i f f i c u l t  to  

id e n t i fy  th e  f a c to r s  th a t  re g u la te  growth because of the  complex i n t e r ­

re la t io n s h ip s  among environm ental f a c to r s  and p la n t s .  There a re  thOBe 

who f e e l  as Cain (19**-*0 or Mason and S to u t (195*0 th a t  i t  i s  in c o r re c t ,  

i f  n o t im possib le , to  i s o la te  th e  e f f e c t  o f a s in g le  environm ental 

f a c to r  on p la n t  growth. In  s p i te  o f th e  d i f f i c u l t i e s  encountered  in  th e  

in v e s tig a tio n  of th e  r e la t io n s h ip  o f environm ent to  p la n t  growth, i t  

seems th a t  one o r more f a c to r s  can o f te n  be regarded  as more im portant 

th an  o th e rs . Of course th e  environm ental r e la t io n s h ip s  a re  n o t as 

sim ple as th e  b a s ic  law  of the  minimum proposed by L ieb ig  (18*4-3) ,  

Blackman (1905) , a&d M itsc h e rlic h  (1909) • TLe most r e a l i s t i c  view i s  

perhaps t h a t  o f B i l l in g s  (1952), who co n sid e rs  t h a t  l im it in g  f a c to r s



operate w ithin an ind iv idu al environmental complex.

Tree growth i s  the r e su lt  o f the in teraction  o f numerous p h y sio lo g i­

c a l p rocesses. Environmental fa cto rs can a ffe c t  p lant growth only by 

changing these in tern a l fu n ction s. The rate of p h y sio lo g ica l a c t iv i t y  

has been shown to  be c lo s e ly  re la ted  to  the in tern a l water balance o f  

the tr e e . Severe drought creates in tern a l water d e f ic i t s  th at reduce 

veg eta tiv e  growth, photosynthesis, and c e l l  enlargement. Because of 

t h i s ,  s o i l  moisture o ften  becomes a lim itin g  fa c to r , p a r ticu la r ly  in  the 

southern United S tates where summer droughts frequently  occur. Numerous 

stu d ies have shown a c lose  correspondence between the moisture regime 

and r a d ia l growth of many tree sp ec ies . Where r a in fa l l  i s  lim ited , the 

width of the annual rings g ives an in s ig h t to  the c lim atic  conditions  

of the p ast. In areas o f abundant r a in fa l l ,  diameter growth seems to  

be le s s  s e n s it iv e  to  changes in  moisture supply.

The e f f e c t  o f environmental fa cto rs on height growth of fo r e s t  trees  

has been stud ied  le s s  e x te n s iv e ly  than has ra d ia l growth, yet the r a t io  

of height to  age i s  u n iv ersa lly  accepted as the standard measure o f s i t e  

p rod u ctiv ity . A large proportion of the e x is t in g  work has been done with  

northern con ifers or deciduous sp ecies whose growth patterns and native  

c lim atic  h ab itat make tra n sla tio n  of the r e su lts  to  other sp ecies and 

clim ates im possible.

Most stu d ies of the moisture-growth in teraction  have attempted to  

corre la te  raw p r e c ip ita tio n  data w ith growth measurements. Where strong  

a sso c ia tio n s  e x is t  the in v estig a to r  i s  su ccessfu l. However, i f  the re­

la tio n sh ip  between growth and moisture supply i s  more su b tle , as i t  

apparently i s  in  the case o f height growth, then p r e c ip ita tio n  ra tes  

and in te n s i t ie s  are meaningful only as determinants of the a v a i la b i l i ty



of s o i l  m o istu re . In  r e f e r r in g  to  a v a ila b le  s o i l  m o is tu re , confusion 

a r i s e s  from th e  e x is te n c e  o f tv o  c o n tra d ic to ry  concepts o f m oisture 

a v a i l a b i l i t y  to  p la n t s .

The f i r s t  i s  Veihmeyer and Hendrickson*s th e o ry  (1950f 1952) t h a t  

p la n ts  can o b ta in  v a te r  w ith  eq u al ease between f i e l d  c a p a c ity  and p e r ­

manent w il t in g  p o in t  and th a t  r a t e  of growth i s  no t d im inished over th e  

e n t i r e  range of a v a i l a b i l i t y  u n t i l  th e  s o i l  approaches th e  w il tin g  

p o in t .

The second th e o ry  i s  t h a t  growth r a te  p ro g re s s iv e ly  dim inishes as 

s o i l  m oisture f a l l s  below f i e l d  c a p a c ity  and ceases a t  th e  permanent 

w i l t in g  p o in t .  T his concept i s  o f te n  c a l le d  the  "more w a te r, more 

growth" id ea  and a r i s e s  from  numerous experim ents which have suggested 

th a t  p la n t  growth i s  r e l a te d  to  th e  te n s io n  w ith  which w ater i s  h e ld  

by th e  s o i l .

In  a  d isc u ss io n  of th e  r e la t io n s h ip  between s o i l  m oisture and 

growth, i t  must be remembered t h a t  growth i s  n o t c o n tro lle d  d i r e c t ly  by 

s o i l  m oisture  c o n te n t or s t r e s s ,  b u t by th e  w ater balance o f the t r e e .

The in te r n a l  w ater ba lance  i s  re g u la te d  n o t on ly  by th e  m oisture supply , 

bu t by  the  r e l a t iv e  r a te s  of a b so rp tio n  and t r a n s p ir a t io n ;  hence i t  i s  

a ls o  a f fe c te d  by atm ospheric m oistu re  c o n d itio n s , wind movement, r a d i ­

a t io n ,  tem p era tu re , and a  m yriad of secondary f a c to r s .

Because of th e  la c k  o f  knowledge concerning th e  r e la t io n s  th a t  e x is t  

between c lim a tic  f a c to r s  and th e  h e ig h t growth of sou thern  p in es , a  study 

was dev ised  to  in v e s tig a te  the  e f f e c t  o f s o i l  m oisture on the  h e ig h t 

growth of s la sh  p in e  (Pinus e l l i o t t i i  E ngelm .). The prim ary  o b jec tiv es  

of t h i s  s tu d y  were: to  id e n t i f y  th e  seaso n a l p e rio d s  in  which s o i l  

m oisture c r i t i c a l l y  in flu e n c e s  annual h e ig h t growth, to  co n stru c t



p re d ic tio n  equations w ith  which to  q u an tify  th e  r e la t io n s h ip ,  

t a b l i s h  th e  tre n d  of the  s o i l  m oisture regime through  th e  year



REVIEW OF LITERATURE 

Over th e  years a  co n sid erab le  amount of l i t e r a t u r e  has accum ulated 

a sse ss in g  th e  in flu en ce  o f th e  more im portan t environm ental f a c to r s  on 

t r e e  growth. The seaso n a l growth p a t te rn  o f f o r e s t  t r e e s  g r e a t ly  in ­

flu en ces  th e  re a c t io n  of the  t r e e  to  environm ental s t im u l i .  C oniferous 

sp ec ie s  n a tiv e  to  n o rth e rn  l a t i tu d e s  seem to  make th e  m a jo rity  o f t h e i r  

annual h e ig h t growth in  a  r e l a t i v e ly  sh o r t p e rio d  o f tim e e a r ly  in  th e  

season. Kramer (I9*f3) has shown th a t  n o rth e rn  sp e c ie s , p la n te d  as f a r  

south  as N orth C a ro lin a , a t t a i n  t h e i r  annual h e ig h t increm ent over a  

p e rio d  of 6 to  8 weeks from o n se t o f growth, w hile sou thern  sp ec ie s  in  

ad jacen t p lo ts  con tinue  to  grow fo r  s e v e ra l m onths. In  M isso u ri,. 

Johnston (19^4-1) observed th a t  stem e lo n g a tio n  o f oak sp ec ie s  extended 

over a v e ry  sh o r t  p e r io d  a t  the  beginning  of th e  growth season. Height 

growth of w hite  p ine  in  New England a c c e le ra te d  r a p id ly  to  l a t e  May, 

and com plete ly  ceased  by l a t e  June (K ienholz, 19^1)• The e n t i r e  growth 

p e rio d  l a s te d  on ly  60 days, and 90 p e rc e n t o f th e  growth occurred  in  a  

30-day p e r io d  beg inn ing  s h o r t ly  a f t e r  th e  onse t o f stem e lo n g a tio n . 

Kienholz (193*0 compared h is  growth curves fo r  w hite  p ine  (P inus s tro b u s 

L .) w ith  th o se  of S tevens (1931), and d e te c te d  on ly  s l i g h t  v a r ia t io n s  

in  the  beg inn ing  and ending of le a d e r  e lo n g a tio n . The tim e o f most 

ra p id  e lo n g a tio n  occu rred  about June 10 in  bo th  c a se s . Work o f  Baldwin 

(1931) in  th e  n o r th e a s te rn  U nited  S ta te s ;  M arie -V ic to rin  (1927) ,  and 

W alters and Soos (1963) in  Canada; I l l i c k  (1919)> and Brown (1915) in  the  

n o rth ern  U nited  S ta te s  co rro b o ra te  th ese  f in d in g s . S ince n o rth e rn



c o n ife rs  produce a  s in g le  w horl o f branches a n n u a lly , growth i s  alm ost 

continuous from i t s  onse t to  time of c e s s a tio n , as shown by F r ie s n e r  (1942). 

On th e  o th e r  hand, sou thern  c o n ife rs  experience re c u r re n t  f lu s h e s  of shoot 

growth over a longer span of tim e, producing s e v e ra l  w horls o f branches 

and in te rn o d e s . Kramer (1957a ) showed th a t  lo b lo l ly  p ine  seed lin g s  

grown in  an a ir-c o n d itio n e d  greenhouse w ith  adequate w ater and m inerals 

e x h ib ite d  the  same tendency fo r  shoots to  e longa te  f o r  a few weeks, cease 

growth f o r  a tim e , th en  resume e longa tion  ju s t  a s  the  same sp e c ie s  does 

under f i e l d  co n d itio n s . This may occur th re e ,  fo u r ,  o r more tim es 

du ring  the  season . E ggler (1961) observed th a t  the  annual growth of 

bo th  le a d e rs  and branches of lo n g le a f pine (P inus p a lu s t r i s  M i l l . ) , 

s h o r t le a f  pine (Pinus ech in a ta  M i l l . ) ,  lo b lo l ly  pine (Pinus ta e d a  L .) ,  

and s la s h  pine in  L ouisiana was th e  r e s u l t  of th e  e lo n g a tio n  of s e v e ra l ,  

r a th e r  th an  a s in g le  te rm in a l bud. In  most in s ta n c e s  the  buds e longated  

c o n sec u tiv e ly , n o t in te r m it te n t ly  or r e c u r re n t ly .  As soon as one t e r ­

m inal bud ceased e lo n g a tio n , the  next one began, and th e re  was no r e s t  

p e rio d  between growth phases. Eggler*s f in d in g s  a re  c o n tra ry  to  most 

o b se rv a tio n s o f the growth p a tte rn  of sou thern  p in e s . Tepper (1963) 

no ted  th a t  th e  growth of s h o r t le a f  pine and p i tc h  p ine (P inus r ig id a  

M il l .)  in  New Je rse y  d id  n o t support E ggler*s (1961) o b se rv a tio n s .

The i n i t i a l  le a d e r growth of bo th  s h o r t le a f  and p i tc h  pine was in  th e  

in te rn o d es  of the  w in te r bud. The r a te  o f e lo n g a tio n  of th e  w in te r bud 

g ra d u a lly  in c reased  to  a  maximum la te  in  May. A fte r  th a t  d a te  elonga­

t io n  decreased , u n t i l  by la te  June a l l  th e  pre-form ed in te rn o d es  from 

th e  w in te r  bud were f u l l y  extended. Leader e lo n g a tio n  from th en  on was 

a  r e s u l t  o f th e  form ation  and e lo n g a tio n  of summer buds.

Langdon (1963) rep o rte d  th a t  the  h e ig h t growth o f South F lo r id a
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s la s h  p ine  (P inus e l l i o t t i i  v a r . densa L i t t l e  and Dorman), the  o n ly  

s u b - t ro p ic a l  p ine  growing n a tu r a l ly  in  th e  U nited  S ta te s ,  occurs i n te r ­

m i t te n t ly  th roughout th e  y e a r . The g re a te s t  p ro p o rtio n  o f annual h e ig h t 

growth (55 p e rc en t)  occurred  in  th e  p e rio d  from March to  May. The amount 

o f h e ig r t  growth was about th e  same between June and November (22 p e rc e n t) ,  

and in  th e  w in te r season , December to  February  (23 p e rc e n t) .

The cause o f tem porary dormancy or growth f lu sh e s  in  sou thern  spec ies  

i s  n o t f u l l y  understood . Samish (195*0 term ed c e s s a tio n  of growth 

caused  by unfavorab le  environm ental co n d itio n s  "quiescence" and dormancy 

caused  by  in te r n a l  f a c to r s  " r e s t " .  This study  i s  p r im a r ily  concerned 

w ith  qu iescence , b u t in te r n a l  f a c to r s  th a t  in flu en ce  r e s t  tend  t o  con­

found th e  r e s u l t s .

C ausa tion  of r e s t  dormancy has been a t t r ib u te d  to  bo th  exhaustion  

o f v i t a l  growth substances w ith in  th e  p la n t  and accum ulation o f growth 

in h ib i to r s  w ith in  th e  p la n t .  A f a c t  o f te n  overlooked i s  th a t  t r e e s  of 

th e  same sp e c ie s , s i z e ,  and age grown under id e n t ic a l  environm ental 

c o n d itio n s  e x h ib i t  d i f f e r e n t  p a t te rn s  o f growth f lu sh e s  (Kramer and 

K ozlowski, i 960) .  This i s  no t apparen t when growth d a ta  are re p re se n te d  

a s  averages of a  number o f t r e e s .  S ing le  t r e e  d a ta  show extreme devi­

a t io n  between t r e e s  in  th e  number and p e rio d  o f growth f lu s h e s .

Temporary dormancy in  one t r e e  was o f te n  accompanied by a c c e le ra te d  

growth o f an o th e r t r e e  exposed to  th e  same environm ent.

There i s  co nsiderab le  range in  optimum tem perature  fo r  growth of 

t r e e  sp e c ie s . P h y s io lo g ic a l tem perature  was found by Reed (1939) to  be 

more im portan t in  determ in ing  ro o t  and shoot growth in  lo b lo l ly  and 

s h o r t le a f  p ine  in  North C aro lin a  th an  was s o i l  m o is tu re . Reed (1939) 

a ls o  observed th a t  alm ost tw ice as much le a d e r growth o f s h o r t le a f  and



lo b lo l ly  pine occurred  a t  n ig h t as  du ring  th e  day. Kramer (1957&, 1957b) 

l a t e r  found th a t  lo b lo l ly  pine seed lin g s  o b ta in ed  b e s t  h e ig h t growth 

w ith  the  g re a te s t  d iffe ren c e  between day and n ig h t tem p era tu res . Optimum 

growing cond itions e x is te d  w ith  a  range o f 12 to  13 degrees spread  between 

day and n ig h t tem pera tu re . Even a sm all d if fe re n c e  in  tem perature  p ro ­

duced a measurable d iffe re n c e  in  amount of shoot growth. This 

11 therm operiodic" e f f e c t  on herbaceous p la n ts  was observed e a r l i e r  by 

Went (19W , 1953).

L ight in te n s i ty  d i r e c t ly  a f f e c ts  p h o to sy n th e s is , c e l l  enlargem ent, 

h e ig h t growth, and many o th er growth fu n c tio n s . I n te n s i ty  of l ig h t  

v a r ie s  d a ily  and seaso n a lly , and i s  m odified  by l a t i tu d e .  Clouds, 

d u s t ,  fog , and smoke ten d  to  reduce l i g h t  i n te n s i t y  and c re a te  v a r ia t io n  

which i s  r e f le c te d  in  t r e e  growth. Kozlowski (19^9) dem onstrated the 

e f f e c t  of reduced l ig h t  in te n s i ty  on h e ig h t growth of lo b lo l ly  pine 

se e d lin g s . H eight growth was reduced 17 p e rc en t by exposure to  o n e -th ird  

th e  l ig h t  in te n s i ty  provided to  the  check t r e e s .  More im portan t, stem 

w eight was reduced 6k p e rcen t by the  same l ig h t  tre a tm e n t.

Kozlowski (1958) summarized the  p re s e n t  knowledge of th e  r e l a t io n ­

sh ip  of water to  t r e e  growth. Many in v e s t ig a to r s  have rep o rte d  p o s it iv e  

c o r re la t io n  between r a d ia l  growth of many f o r e s t  sp ec ie s  and r a i n f a l l  

of the  c u rren t growth season (Tryon eib a l . ,  1957; D ils  and Day, 1952;

Tryon and Myers, 1952; M ille r , 1950; Lyon, 19^3; F r ie sn e r  and F r ie s n e r ,  

19^1; Goldthwaite and Lyon, 1937; K leine e t  a l . , 1936; Shreve, 192^; 

and Robbins, 1921). O ccasionally  a s tu d y  has been  re p o rte d  t h a t  showed 

no c o rre la t io n  between r a i n f a l l  and d iam eter growth (Burns, 1929) or 

suggested an e f f e c t  o f excessive  or d e f ic ie n t  r a i n f a l l  in  the  year p re ­

ceding growth (Goldthwaite and Lyon, 1937; D i l l e r ,  1935; and Bogue, 1905).



In v e s t ig a to r s  t h a t  have r e la te d  r a d i a l  growth to  s o i l  m oisture  have 

found h ig h  c o r r e la t io n s  between growth and s o i l  m oisture c o n d itio n s  in  

th e  c u r re n t  year ( G r i f f i th ,  I960; Husch, 1959; Boggess, 1956; and- 

M cClurkin, 1958)•

S tro n g  re la t io n s h ip s  between s o i l  m oistu re  o r r a i n f a l l  and r a d ia l  

growth of th e  sou thern  p in es  have been found. Lode wick (1930) observed 

a  d e f in i te  r e la t io n s h ip  between w idth  of annual r in g s  of lo n g le a f  p ine 

and th e  p r e c ip i t a t io n  from March 16 t o  October 15 in  w estern  F lo r id a .

C o ile  (1936) showed th a t  r a d i a l  growth of lo b lo l ly  p ine  in  southw estern  

L ou is iana  was in flu e n ce d  by f lu c tu a t io n s  o f r a i n f a l l  du ring  January  to  

May o f th e  isame y e a r . Byram and D o o li t t le  (1950) found th a t  c u rre n t 

r a i n f a l l  had on ly  a s l i g h t  e f f e c t  on the  sp r in g  r a d ia l  growth r a te  of 

s h o r t le a f  p in e , b u t had a  d e f in i t e ly  p o s i t iv e  e f f e c t  on the  summer 

growth r a t e .  They concluded th a t  tem p era tu re , sunsh ine , and c e r ta in  

in h e re n t c h a r a c te r i s t i c s  o f th e  t r e e  a re  l im i t in g  f a c to r s  r e l a t iv e  to  

growth in  th e  sp r in g , b u t as th e  growing season  p ro g re s se s , r a i n f a l l  

g ra d u a lly  becomes th e  most im portan t f a c to r  a f f e c t in g  growth. Boggess 

(1956) re p o r te d  t h a t  when a v a ila b le  s o i l  m oisture  approached the  w il t in g  

p o in t ,  r a d i a l  growth o f s h o r t le a f  p ine  ceased , b u t i f  s o i l  m oisture  was 

rech a rg ed  du ring  the summer, growth would resum e. McClurkin (1958) 

c o rro b o ra te d  Boggess* f in d in g s  and s ta te d  t h a t  even i f  m oisture  c o n d itio n s  

rem ained uniform  throughout th e  growth y e a r, d a i ly  growth r a t e  would v a ry  

because o f th e  normal ep iso d ic  growth p a t te r n .  Zahner (1962) grew 

l o b lo l l y  p ine  se e d lin g s  in  sou thern  Arkansas under two m oisture  regim es—  

w et and d ry . He found th a t  g ross r a d ia l  growth was more th an  double fo r  

t r e e s  grown under low m oisture s t r e s s  as compared to  t r e e s  grown under 

h ig h  m oisture  s t r e s s .  Harms (1962) observed th a t  r a d ia l  growth o f s la sh
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pine in c reased  l in e a r ly  w ith  in c re ased  so il-m o is tu re  on c o a s ta l  p la in  

s o i l s  in  Georgia. S ig n if ic a n t  c o r re la t io n s  were a ls o  found between 

maximum a i r  tem pera tu re , ev ap o ra tio n , and e lap sed  days from  January  1.

R e la tiv e ly  few s tu d ie s  have been conducted to  determ ine th e  e f f e c t  

o f m oisture supply on h e ig h t growth o f f o r e s t  t r e e s ,  in  c o n tra s t  to  th e  

la rg e  number d e a lin g  w ith  r a d ia l  growth. M otley (19^9) found a s tro n g  

c o rre la t io n  between the  h e ig h t growth o f e a s te rn  w hite p ine ' and red  pine 

(Pinus re s in o sa  A i t . )  w ith  th e  p r e c ip i ta t io n  of May through  November of 

the  prev ious year in  In d ian a . This p e rio d  corresponds to  th e  tim e in  

which carbohydrates a re  be ing  m anufactured and s to re d  by th e  t r e e .  Motley 

suggested  th a t  s in ce  w hite p ine  and re d  p ine make over 90 p e rc en t of 

t h e i r  stem e lo n g a tio n  during  th e  p e rio d  from m id-A pril to  m id-June, i t  i s  

reasonab le  to  suppose t h a t  the  p la n t  must draw h e a v ily  upon th e  re se rv e  

food supply s to re d  in  the  p rev ious p h o to sy n th e tic  p e rio d . T his corrobo­

r a te s  th e  f in d in g s  o f Kirkwood (191*0 w ith  Ponderosa pine (Pinus 

ponderosa Laws.) and D o u g la s-fir  (Pseudotsuga m en z ie s ii (M irb.) F ranco .) 

and P e rry  (1921) in  th e  w estern  U nited  S ta te s ;  T olsky (1913) in  R ussia ; 

Schubert (1931), Burger (1926) ,  C ie s le r  (1907) ,  and Hesselman (190*0 in  

Europe.

Tryon e t  a l .  (1957) found a  weak p o s i t iv e  c o r r e la t io n  between h e ig h t 

growth of yellow  p o p la r (L iriodendron  t u l i p i f e r a  L .) and th e  amount of 

p r e c ip i ta t io n  of th e  c u rre n t y ear. B e ll  (1957) found good agreement 

between th e  annual f lu c tu a t io n s  in  mean h e ig h t increm ent o f D o u g la s-fir  

and the t o t a l  r a i n f a l l  in  A p r il , May, and June o f the  c u rre n t y ear.

S im ila r f lu c tu a t io n s  were found in  S itk a  spruce (P icea  s i tc h e n s is  (Bong.) 

C a rr.)  b u t w ith  a  marked la g  of one y e a r . Cook (19*t-la, 19*4-lb) found 

th a t  e x ce p tio n a l r a i n f a l l  d e f ic ie n c ie s  in  th e  c u rre n t season re ta rd e d



th e  le a d e r  growth o f s e v e ra l c o n ife rs  in  New York S ta te .  Johnston  (19^1) 

concluded t h a t  s ince  oaks in  the  M issouri Ozarks complete t h e i r  stem  

e lo n g a tio n  e a r ly  in  th e  growth season b efo re  s o i l  m oisture d e f ic ie n c ie s  

o ccu r, t h e i r  growth i s  dependent upon th e  p rev ious y e a r 's  c o n d it io n s . 

S h o r t le a f  p in e  in  th e  same a re a  con tinued  to  grow throughout th e  summer 

and was th e re fo re  dependent on th e  c u rre n t y e a r 's  m o is tu re . Pearson  

(1918) and K o rs tian  (1921) found th a t  since  h e ig h t growth o f w estern  

sp e c ie s  o f te n  occurs du ring  p e rio d s  of low est p r e c ip i ta t io n ,  th e y  r e l y  

h e a v ily  on p r e c ip i t a t io n  s to re d  in  the  s o i l  from the p rev io u s  w in te r , and 

u n le s s  th e  s o i l  m oistu re  i s  supplemented by r a in s  in  A p ril and May, th e  

growth in  t h a t  year i s  a p t to .b e  l e s s .  I f  w in te r p r e c ip i t a t io n  i s  

supplem ented by two or more inches of p r e c ip i ta t io n  in  th is  p e r io d , 

h e ig h t growth i s  s tim u la te d . Husch (1959) observed t h a t  d if fe re n c e s  in  

annual le a d e r  e lo n g a tio n  of e a s te rn  white p ine can be a t t r ib u te d  p r in ­

c ip a l ly  t o  d if fe re n c e s  in  a v a ila b le  m oisture o f the  c u rre n t growth year 

in  New Hampshire. C e ssa tio n  o f growth in  l a t e  summer was a p p a re n tly  

c o n tro l le d  by an in te r a c t io n  of pho toperiod  and s o i l  m o is tu re . Leader 

e lo n g a tio n  con tinued  lo n g er in  years of ample s o i l  m o is tu re . S o il  

m o istu re  changes were most im portan t in  th e  l a t t e r  h a l f  of th e  growing 

season .

Reed (1939), s tudy ing  th e  ro o t  and shoot growth o f lo b lo l ly  p in e  

and s h o r t le a f  p ine  in  N orth C a ro lin a , found l i t t l e  a s s o c ia t io n  w ith  

p r e c ip i t a t io n  or s o i l  m o is tu re , b u t found th a t  p h y s io lo g ic a l tem pera tu re  

was q u ite  im portan t in  determ in ing  bo th  ro o t  and shoot developm ent. 

McClurkin (1953) showed th a t  the  amount o f January  t o  June p r e c ip i t a t io n  

was im portan t in  re g u la tin g  the h e ig h t growth of lo n g le a f  p in e  in  

L o u is ian a , Texas, and M is s is s ip p i . G r i f f i th  ( i 960) observed th a t  s i t e
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in d ic e s  o f D o u g la s -f ir  seemed to  be w e ll c o r r e la te d  w ith  th e  average 

a v a i la b le  s o i l  m oisture  o f th e  s i t e  in  B r i t i s h  Columbia. Smith ( i 960) 

was unable to  d e te c t  any c o n s is te n t  a s s o c ia t io n  between e a r ly  h e ig h t 

growth o f s la sh  p ine  and th e  a v a ila b le  s o i l  m oisture  o f th e  s i t e  on 

which i t  i s  p la n te d  in  sou thern  M is s is s ip p i . Bethune ( i 960) found th a t  

th e  average m onthly frequency  o f p r e c ip i t a t io n  du rin g  summer, sp rin g , 

autumn, and w in ter c o n tr ib u te d  s ig n i f ic a n t ly  to  the  d e lin e a t io n  of the  

n a tu r a l  range of s la s h  p ine  in  th e  South .

Jackson (1962) in v e s tig a te d  the  c o n tr ib u tio n  o f 36 independent 

c lim a tic  and edaphic f a c to r s  to  h e ig h t growth o f s la s h  p in e . Sample 

p la n ta t io n s  were s e le c te d  in  th e  so u th e a s te rn  and south  c e n t r a l  U nited 

S ta te s  and a ls o  from  A u s tr a l ia  and New Z ealand , where s la s h  p ine  has 

been in tro d u ced  as an e x o t ic .  Jackson measured mean annual h e ig h t 

growth o f a  5- t r e e  subsample in  each p la n ta t io n  and reco rded  se v e ra l 

s o i l  c h a r a c te r i s t i c s  found under th ese  t r e e s .  A na ly sis  o f th ese  data  

in d ic a te d  th a t  th e re  i s  an ap p aren t b e n e f ic ia l  e f f e c t  o f increas ing  

annual r a i n f a l l  on h e ig h t increm en t. However, grow ing-season r a i n f a l l  

(March th rough  August) had a  n eg a tiv e  e f f e c t .  Jackson concluded th a t  

i f  annual p r e c ip i t a t io n  i s  50 in c h e s , an in c re ase  in  th e  growing-season 

r a i n f a l l  g e n e ra lly  r e s u l t s  in  decreased  h e ig h t increm en t. T his e f f e c t  

d im in ishes a s  depth  to  th e  l e a s t  perm eable ho rizon  in c re a s e s , p a r t i c u la r ly  

a s  t r e e s  become o ld e r .  In  a ttem p tin g  to  r a t io n a l iz e  t h i s  apparent con­

f l i c t  between the  b e n e f ic ia l  e f f e c t s  o f in c re a s in g  annual p r e c ip i ta t io n  

and th e  adverse e f f e c t s  o f  in c re a s in g  grow ing-season r a i n f a l l ,  Jackson 

a tta c h e d  co n sid erab le  im portance to  th e  amount o f a v a ila b le  m oisture 

s to re d  through th e  maximum e f f e c t iv e  dep th  of s o i l  p r io r  to  th e  Beason 

o f a c tiv e  growth. He hyp o th esized  th a t  t h i s  would be a v a ila b le  as soon



as growth s ta r te d  in  the  sp rin g , and th a t  r a i n f a l l  d u rin g  t h i s  p e r io d  of 

most a c tiv e  h e ig h t growth ( i . e .  March through  May) would r e s u l t  in  

d ep ress iv e  e f f e c ts  due to  reduced s o i l  a e r a t io n ,  r a th e r  th an  produce 

a d d it io n a l  growth as a  fu r th e r  m o is tu re -re sp o n se . These e f f e c t s  would 

o bv iously  be much g re a te r  on shallow  s o i l s  and i n  a re a s  o f h ig h  growing- 

season  r a i n f a l l .

I t  i s  obvious from th e  fo rego ing  l i t e r a t u r e  rev iew  th a t  a  g re a t  

d e a l i s  known of th e  in te ra c t io n  o f t r e e  growth and s o i l  m oisture  f o r  

many sp ec ie s  and lo c a t io n s , bu t l i t t l e  i s  y e t known f o r  th e  so u th e rn  p in e s .  

T his a re a  o f re sea rch  p re se n ts  an i n f i n i t e l y  com plex ,bu t ex trem ely  

ch a llen g in g  f r o n t ie r  of knowledge.



METHODS AND PROCEDURES 
Location and Description of Study Areas

The a s s is ta n c e  o f th e  L ou isiana  f o r e s t  in d u s t r ie s  vas s o l i c i t e d  in  

lo c a tin g  f iv e  s la s h  p in e  p la n ta t io n s  in  which to  c a r ry  out t h i s  s tu d y . 

The p la n ta t io n s  v e re  s e le c te d  from  th o se  te n  to  tw enty  years o ld  and 

w ith in  a  ra d iu s  o f te n  m ile s  o f  a  w eather s t a t io n  w ith  rec o rd s  covering  

the  p e rio d  o f s tu d y  (1953 to  1959)* T en-to  tw en ty -y ear-o ld  p la n ta t io n s  

were chosen so t h a t  a t  l e a s t  s ix  y ears  of p a s t  annual h e ig h t growth 

could  be measured above b r e a s t  h e ig h t (4 .5  f e e t ) ,  the  approximate p o in t  

a t  which th e  slow p e r io d  of ju v e n ile  growth ceases  (Wakeley and M arrero, 

1958) .  S tock ing  was r e l a t i v e l y  homogeneous a t  each lo c a tio n , b u t b a s a l  

a re a  ranged  from  Uo to  120 square f e e t  pe r ac re  f o r  d i f f e r e n t  p la n ta ­

t io n s .  T o ta l h e ig h ts  ranged from  approxim ately  30 f e e t  fo r  an 11 -y ea r- 

o ld  s ta n d  to  kO f e e t  f o r  th e  o ld e s t  p la n t in g , 18 years o ld . The f iv e  

a re a s  chosen (F igure  1) were w idely  d i s t r ib u te d  throughout th e  s la s h  

p ine  p la n ta t io n  re g io n  o f  th e  s t a t e .  They covered  v a rie d  c lim a tic  

s i tu a t io n s  and o ccu rred  on s o i l s  o f b o th  th e  G ulf C o asta l P la in  and 

Flatw oods re g io n s .

Three o f th e  p la n ta t io n s  were d escrib ed  e a r l i e r  by F o i l  ( i 960) • 

Table 1 d e sc r ib e s  th e  lo c a t io n  and c h a r a c te r i s t i c s  of the  p la n ta t io n s  

chosen fo r  s tu d y .

Ilf
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F igu re  1 . Map o f L ou isiana  showing lo c a tio n  o f p la n ta t io n s  s tu d ie d



Table 1. L ocation  and c h a r a c te r i s t ic s  o f the  p la n ta t io n s  chosen fo r  
study-

N earest P lo t  T o ta l age a t
P la n ta t io n  P a r ish  w eather s ta t io n  numbers measurement

Years

A Beauregard S inger 1 to  6 11

B A llen E liz a b e th 7 to  Ik 18

C W ashington Bogalusa 15 to  19 11

D LaSalle B elah 20 to  26 12

E C laiborne Homer 27 to  33 11

P la n ta t io n  A: Located f iv e  m iles northw est o f S inger, L ou isiana,

l a t i tu d e  30°39*N, lo ng itude  93°25,W. I t  was p la n te d  in  the  w in ter of 

19^9 by the Rice Land and Logging Company. The t r e e s  had completed 

11 years of growth from seed when measured fo r  t h i s  study  in  March 1959* 

Topography of th e  a re a  i s  predom inantly  f l a t  w ith  s c a t te re d  a re a s  

o f g e n tly  r o l l i n g  h i l l s .  S o ils  a re  o f the  Caddo-Beauregard-Bowle ca ten a , 

w ith  a sm all amount of Ruston s o i l  on th e  h i l l t o p s .  O ccasional p o o rly - 

d ra in ed  a re a s  of the  Plummer s e r ie s  a re  encountered . Most o f the  s o i l s  

a re  v e ry  f in e  sandy loams or s i l t  loams.

Clim ate of the  a re a  i s  m ild , c h a ra c te r iz e d  by long warm summers and 

sh o rt-m o is t w in te rs . Mean annual p r e c ip i ta t io n  i s  between 55 and 60 

inches and tem perature  averages 67°F. R a in fa ll  i s  w ell d is t r ib u te d  

th roughout th e  y e a r. S tand c h a r a c te r i s t ic s  of th e  p lo ts  taken  in  

P la n ta t io n  A a re  shown below.
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S i te  Index based 
Average B asa l a re a  Average Mean annual on age 25

P lo t  DBH p e r  acre  t o t a l  h e ig h t h e ig h t growth (B ennett e t  a l . ,1959) 
(inches) ( S q . f t . } (F eet) (F eet) (Feet)

1 5.6 n o 39 .8 3 .62 75
2 6 .9 90 37.0 3.36 70
3 4 .7 t o 26.3 2 .39 50
1+ 6 .1 70 30.8 2.80 58
5 6 .3 80 33 .9 3.08 65
6 5.5 50 33.2 3.02 64

P la n ta tio n  B: Located fo u r  m iles n o rth  o f E liz a b e th , L ou isiana ,

l a t i tu d e  30°52*N, lo n g itu d e  92°48*W. P la n te d  in  1942 by th e  I n d u s t r ia l  

Lumber Company, t h i s  p la n ta t io n  was 18 years o ld  a t  tim e o f measurement 

in  1959* The a re a  i s  ty p ic a l  c o a s ta l  f la tw o o d s, ty p i f i e d  by im perfec t 

d ra in a g e . L i t t l e  change in  e le v a tio n  i s  encountered  over the  e n t i r e  

a re a  o f th e  p la n ta t io n .  S o ils  include  Caddo, B eauregard, and Plummer 

v e ry  f in e  sandy loams to  s i l t  loam s. The c lim ate  o f t h i s  a rea  i s  

s im ila r  to  t h a t  o f P la n ta t io n  A. S tand  c h a r a c te r i s t i c s  o f the  p lo ts  

tak en  in  P la n ta t io n  B a re  shown below.

S i te  index based  
Average B asa l a re a  Average Mean annual on age 25

P lo t  DBH p e r  acre  t o t a l  h e ig h t h e ig h t growth (B ennett , 1959)
(inches) ( S q . f t . )  (F eet) (Feet) (Feet)

7 7 .5 - 110 4 2 .1 2 .34 52
8 6 .6 100 41 .7 2 .32 49
9 7 .0 80 36.5 2 .03 44

10 7 .1 80 42 .2 2 .34 52
11 7 .0 90 41 .1 2 .28 48
12 7 .4 70 43 .3 2 .41 54
13 6 .6 70 4 l .o 2.28 50
Ik  6 .3 70 39 .4 2 .19 47

P la n ta t io n  C: Located in  th e  "F lo rid a  P a rish e s"  in  the  so u th e as te rn

p a r t  o f th e  s t a t e ,  5 m iles  southw est o f B ogalusa, L ou isiana , l a t i tu d e  

30°47*N, lo n g itu d e  89°52,W. T his p la n ta t io n ,  owned by  Crown Z e lle rb ach  

C o rp o ra tio n , was U  y ears  o ld  a t  tim e of sam pling. Topography o f th e  

s tu d y  a re a  i s  f l a t  t o  g e n tly  r o l l i n g  and s o i l s  o f th e  R uston, Kalmia,
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and Myatt s e r ie s  predom inate. S o il te x tu re s  range from f in e  sandy loam 

t o  s i l t  loam.

C lim ate o f th e  a re a  i s  c h a ra c te r iz e d  by lo n g  warm summers and sh o rt 

c o o l w in te rs . Mean annual tem perature i s  6 7 °F .,  and average annual 

p r e c ip i ta t io n  i s  66 in ch e s . The summer months re c e iv e  the  g re a te s t  

r a i n f a l l  and October i s  the  o n ly  ex cess iv e ly  d ry  month. S tand  c h a ra c te r­

i s t i c s  o f  the  p lo ts  tak en  in  P la n ta t io n  C are shown below.

S ite  index based
Average B asa l a re a Average Mean annual on age 25

P lo t DBH p e r  acre t o t a l  he igh t h e ig h t growth (B ennett e t  a l . .
(Inches) ( S q .f t . ) (F eet) (Feet) (Feet)

15 6 . k 100 38.5 3.50 7*«-
16 6 .0 110 36 A 3.31 69
17 7 .1 110 39.5 3.59 75
18 5 .1 90 28 .6 2.60 55
19 6 .8 100 3 6 .7 3.3^ 70

P la n ta t io n  D: Located fo u r  m iles south o f Jena, L ou isiana,

l a t i tu d e  31°38'N, long itude  9 2 ° l l tW. The p la n ta t io n ,  owned by the  

Bodcaw Company, was 12 years o ld  a t tim e  of sam pling. The study  a re a  

l i e s  on G ulf C o asta l P la in  up lands. Orangeburg s o i l s  predom inate, b u t 

Rust on and Susquehanna s e r ie s  occur in te r m i t te n t ly .  S o i l  te x tu re s  

range from  f in e  sandy loams t o  s i l t y  c la y  loam s.

Average annual r a i n f a l l  f o r  the a r e a  i s  58 in ch e s . P r e c ip i ta t io n  

i s  g re a te s t  du rin g  th e  sp rin g  and e a r ly  summer. Mean annua], tem perature 

i s  66°F . S tand c h a r a c te r i s t i c s  of th e  p lo ts  tak en  in  P la n ta t io n  D are  

shown below.
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S ite  index  based  
Average B asa l a re a  Average Mean annual on age 25

P lo t DBH p e r  acre t o t a l  h e ig h t h e ig h t growth (B ennett _st j
(Inches) ( S q .f t . ) (F eet) (F ee t). (F eet

20 6 .1 110 3 0 .if 2.53 53
21 6 .5 80 32.0 2.67 55
22 6 .6 90 34.0 2.83 58
23 5.5 110 30.6 2.55 53
24 6 .6 80 27 .7 2 .31 47
25 7 .2 120 34.1 2.81f 58
26 6 .4 100 33.2 2.76 57

P la n ta t io n  E : Located on the  North L ou isiana  H i l l  Farm Experim ent

S ta t io n ,  2 m ile s  southw est o f Homer, L o u is ian a , l a t i tu d e  32°45*N,

lo n g itu d e  93°04*W. This p la n ta t io n  was e s ta b l is h e d  f o r  experim en tal

purposes and was 11 years o ld  a t  tim e o f  sam pling. The stand  i s  lo c a te d

on r o l l i n g  C o a s ta l P la in  m a te r ia l  made up p redom inantly  of R ust on, K irv in ,

and Shubuta s o i l s .  S o i l  te x tu re s  are  p r im a r ily  s i l t  loams.

Average annual r a i n f a l l  i s  about 49 in c h e s . P r e c ip i ta t io n  i s  g re a t-
■0e s t  in  w in te r and sp r in g . Mean annual tem pera tu re  i s  66 F . S tand  

c h a r a c te r i s t i c s  o f th e  p lo ts  taken  in  P la n ta t io n  E a re  shown below .

S ite  index based
Average B asa l a rea Average Mean annual on age 25

Plot DBH p e r  acre t o t a l  h e ig h t h e ig h t growth (Bennett e t  a l . .
(inches) ( S q .f t . ) (Feet) (Feet) (Feet)

27 5.6 80 29.6 2 .69 57
28 5 .2 60 28.2 2.56 54
29 6 .0 90 30.4 2.76 57
30 5.0 90 28.0 2.54 54
31 5.3 110 29.8 2.71 57
32 5.5 100 28.4 2.58 54
33 5 .5 90 30.3 2.76 57

Clim atographs f o r  th e  a re a s  in  which sample p la n ta t io n s  a re  lo c a te d  

a re  shown in  F igu re  2 . The c lim atographs a re  based  on long-term  means 

o f tem pera tu re  and p r e c ip i ta t io n  fo r  th e  U nited  S ta te s  Weather Bureau*s 

c lim a tic  d iv is io n s  in  which th e  p la n ta t io n s  a re  lo c a te d . Mean tem perature  

and p r e c ip i ta t io n  f o r  th e se  d iv is io n s  a re  d e riv ed  from  d a ta  covering
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1931 to  1955. P la n ta tio n s  A and B a re  In  th e  we si> c e n t r a l  d iv is io n . 

P la n ta t io n  C i s  in  th e  e a s t - c e n t r a l  d iv is io n ;  P la n ta t io n  D i s  in  th e  

c e n tr a l  d iv is io n ;  and P la n ta t io n  E i s  lo c a te d  in  th e  n o r th -c e n tra l  

d iv is io n .  Monthly p r e c ip i ta t io n  and mean m onthly tem pera tu res fo r  

each p la n ta t io n  a re  shown in  Appendix A.

F ie ld  Procedures 

Sample P lo ts  and Tree Measurements

The f i e l d  d a ta  were c o lle c te d  in  th e  w in te r of 1958-1959- W ithin 

each p la n ta t io n ,  from 5 to  8 s i t e s  were lo c a te d  to  maximize th e  h e ig h t 

d i f f e r e n t i a l  among th e  sam ples. A o n e -te n th  acre  seuqple p lo t  was 

randomly lo c a te d  on each s i t e .  A t o t a l  o f f iv e  measurement t r e e s  

were m echan ica lly  s e le c te d  on each p l o t .  The dominant o r codominant 

t r e e  c lo s e s t  to  th e  p lo t  cen ter,w as th e  f i r s t  sample t r e e .  Four add i­

t io n a l  t r e e s  were th en  s e le c te d  in  th e  c a rd in a l  d ire c tio n s  from th e  

c e n t r a l  t r e e  a t  th e  edge of th e  ra d iu s  fo r  a  te n th -a c re  p lo t  (37-24 f e e t ) .

P a s t annual h e ig h t growth of each t r e e  was determ ined by m easuring 

le n g th  o f th e  in te rn o d es  as d e sc rib e d  e a r l i e r  by C u rlin  and Box 

( I 96I ) . By m odifying th e  techn ique o f Wakeley and M arrero (1958) >

C u rlin  and Box were ab le  to  re c o n s tru c t  8 t o  10 years  o f p a s t  annua l  

h e ig h t growth from 15-y e a r -o ld  s la sh  and lo n g le a f  p ine  t r e e s  w ith  an 

average e r ro r  of ± 0 .28  f e e t .

An ex tendable  aluminum m easuring po le  w ith  a  maximum extended 

le n g th  o f 45 f e e t  was used f o r  the  m easurements. A 5 0 -fo o t m e ta ll ic  

c lo th  tap e  graduated  in  f e e t  and te n th s  o f f e e t  was a tta c h e d  to  th e  end 

o f th e  p o le  w ith  th e  zero end a t  th e  to p . Measurement was done by a  

two-man crew: one man h o ld in g  the  p o le  a g a in s t  th e  t r e e ,  th e  o th e r 

a c t in g  as ta lly m an . 'T’he ta llym an  stood  back a t  a  d is tan c e  th a t  enabled
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him to  id e n t i fy  each successive  in te rn o d e . The poleman th en  r a i s e d  th e  

po le  u n t i l  th e  t i p  was even w ith  th e  te rm in a l bud of th e  t r e e  and rea d  

th e  tape  a t  a  re fe ren c e  p o in t  marked on th e  body of th e  p o le . On in ­

s t r u c t io n  from th e  ta lly m an , th e  po le  was low ered u n t i l  th e  t i p  of th e  

po le  was even w ith  th e  prim ary  whorl o f branches which re p re se n te d  th e  

end of the  p rev ious y e a r 's  growth. The tape  was again  re a d  a t  the  

re fe re n c e  p o in t .  The d iffe re n c e  between the  two read in g s rep re se n te d  

th e  growth which occurred  in  th e  year th e  in te rnode  was formed. This 

procedure was re p e a te d  on each t r e e  fo r  s ix  successive  years* growth,

i . e .  195*f through 1959*

D ata were reco rded  in  the  f i e l d  on IBM P ort-a -punch  cards fo r  

fu tu re  p ro c e ss in g . In  a d d itio n  to  h e ig h t d a ta , stand  age e stim ated  by 

increm ent b o r in g s , b a s a l  a re a  p e r  acre  measured by angle gauge a t  th e  

p lo t  c e n te r ,  and o r ig in a l  t r e e  spacing  were reco rded  f o r  each p lo t .

S o i l  Samples

S o i l  p i t s  were dug a t  th e  c e n te r  o f each p l o t .  U ndisturbed s o i l  

samples were taken  in  d u p lic a te  a t  successive  6 - in c h  in te rv a ls  u n t i l  

an impermeable la y e r  was s tru c k  or u n t i l  a  depth  of ^2 inches was 

reach ed . A s o i l  auger was th en  vised to  bore an a d d it io n a l  18 inches to  

d e te c t  an impermeable l a y e r ,  i f  p re s e n t  a t  t h a t  dep th . A s o i l  sampler 

sim ilar to  th e  one d esc rib ed  by Uhland and O 'Neal (1951) vas used fo r  

e x tr a c t in g  th e  c o re s , which were re ta in e d  in  b ra s s  tubes ho ld ing  approxi­

m ately  200 c c . of s o i l .  Samples were c a re fu l ly  sea led  and p rese rv ed  fo r  

la b o ra to ry  a n a ly s is .

L aboratory  Analyses 

W iltin g  P o in t and F ie ld  C apacity

In  the  la b o ra to ry  one u n d istu rb ed  core from each 6 - in ch  s o i l  la y e r
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vas subdivided in to  fo u r s o i l  "p a ts"  approx im ate ly  l /4 - in c h  th ic k .  Care 

vas taken  no t to  d is tu rb  the  s o i l  e x c e ss iv e ly . Each s o i l  "p a t"  vas 

p laced  in  a  1 , 5- in c h  r e ta in in g  r in g  f o r  subsequent te n s io n  a n a ly s is  to  

determ ine the  upper and lower s o i l  m oisture c o n s ta n ts .

P a ire d  samples th u s  con ta ined  in  r in g s  were p laced  in  a  p re ssu re  

p la te  e x tra c to r  and p ressu re  membrane e x tra c to r  fo r  th e  d e te rm in a tio n  

o f f i e l d  c a p a c ity  and v i l t i n g  p o in t ,  r e s p e c t iv e ly .  The te n s io n  apparatus 

used vas d e sc rib ed  by R ichards (1949) • A fte r be ing  p laced  in  th e  

e x t r a c to r s ,  the samples were flooded  w ith  d i s t i l l e d  w ater and allow ed 

to  soak u n t i l  s a tu ra te d .  Excess w ater was th en  siphoned o f f ,  th e  

e x tra c to r s  sea led  and p re ssu re  a p p lie d .

F ie ld  c a p a c ity  vas approxim ated by exposing th e  d u p lic a te  samples 

in  th e  p la te  e x tra c to r  t o  l /3  atmosphere (4 .9  p . s . i . )  of p re s s u re . Time 

vas allow ed fo r  m oistu re  eq u ilib riu m  to  be reached  in  th e  s a tu ra te d  

atm osphere of th e  se a le d  u n i t .  This u su a lly  re q u ire d  from 24 to  48 

h o u rs . A fte r  t h a t  time the  samples were removed from th e  e x tr a c to r ,  

p laced  in  m oisture t i n s ,  weighed to  th e  n e a re s t  m illig ram  and d r ie d  in  

an oven a t  a  tem perature  of 105°C. f o r  48 h o u rs . The samples were then  

allow ed to  cool i n  a d e s s ic a to r ,  and oven-dry w eight of s o i l  vas 

determ ined.

W iltin g  p o in t  vas e s tim a ted  in  a  manner s im ila r  to  t h a t  used  fo r  

f i e l d  c a p a c ity . D u p lica te  samples were p laced  under 15 atm ospheres 

(220*5 p . s . i . )  o f  p re ssu re  in  th e  membrane e x t r a c to r .  A f te r  th e  samples 

reached  m oisture eq u ilib riu m  th e y  were handled in  the  id e n t ic a l  manner 

a s those  fo r  f i e l d  c a p a c ity .

F ie ld  c a p a c ity  and v i l t i n g  p o in t  were b o th  expressed  as a  percen tage 

o f m oisture on an  oven-dry b a s i s .
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Bulk D ensity

Mass per u n i t  volume o f f i e l d  d e n s ity  s o i l  was determ ined from the 

second und istu rb ed  s o i l  co re . The samples were oven d r ie d  a t  105°C. fo r  

72 h o u rs , p laced  in  a  d e s s ic a to r  u n t i l  coo l and weighed to  the  n e a re s t  

o n e -ten th  gram.

Bulk d e n s ity  was computed as grains of oven-dry s o i l  p e r cubic 

c e n tim e te r .

P a r t i c l e - Size D is tr ib u tio n

S o il  from th e  bulk  d e n s ity  sample was l a t e r  ground, passed  through 

a 2 mm. sieve and subsampled fo r  p a r t i c le - s iz e  d i s t r ib u t io n  a n a ly s is .

The hydrometer method of Bouyoucos (1936) was used to  determ ine the  

percen tages of sand, s i l t ,  and c lay  in  each sample.

S o i l  M oisture-S torage C apacity

A v a i la b i l i ty  o f s o i l  m oisture fo r  use by p la n ts  i s  c la s s ic a l ly  

d esc rib ed  in  term s of s o i l  m oisture te n s io n . This te n s io n  or negative  

p ressu re  i s  dependent on su rface  fo rc e s  and osmotic fo rce s  caused by 

so lu te s  in  the s o i l  so lu tio n . S o il  m oisture te n s io n  and osmotic fo rce s  

work c o l le c t iv e ly  to  p rev en t s o i l  m oisture from e n te r in g  th e  ro o ts .  In  

n o n sa lin e , u n f e r t i l i z e d  s o i l s  of the  humid reg io n , osmotic fo rc e s  are  

g e n e ra lly  sm all enough to  be considered  n e g lig ib le . Surface fo rc e s , 

th e re fo re ,  are major determ inan ts o f s o i l  m o is tu re -s to rag e  cap a c ity . 

S ince su rface  fo rc e s  a re  la rg e ly  fu n c tio n s  of su rface  a re a , s o i l  mois­

tu re -  sto rage  c a p a c ity  i s  g re a t ly  dependent on s o i l  te x tu re .  .

F ie ld  m oisture cap a c ity  i s  th e  amount o f w ater rem aining in  a w e ll-  

d ra in ed  s o i l  when the  g r a v i ta t io n a l  flow  in to  u n sa tu ra te d  s o i l  h as, fo r  

a l l  p r a c t i c a l i ty ,  stopped. Permanent w il t in g  p o in t or percentage i s  

th e  amount o f w ater r e ta in e d  in  the  s o i l  in  which p la n ts  w i l t  and f a i l
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t o  rec o v e r. By d e f in i t io n  th e n , the  upper le v e l  o f m oisture a v a i l a b i l i t y  

i s  f i e l d  c a p a c ity  and th e  lo v e r  le v e l  i s  th e  v i l t i n g  p o in t .  S o i l  m ois- 

ture**holding c a p a c ity  i s  the  v a te r  con ta ined  betveen  these  two p o in ts .

S o il  m oisture -s to ra g e  c a p a c ity  i s  g e n e ra lly  expressed  in  l in e a r  

u n i ts  (inches of v a te r  p e r  inch  of s o i l )  r a th e r  th an  in  volume u n i t s .

The t o t a l  s o i l  m o is tu re -sto rag e  c a p a c ity  vas c a lc u la te d  fo r  each p lo t  

in  th e  fo llow ing  manner:
N

Water depth (inches) = Y (FC-WP) (BD) (D)
• 100

i= l

Where:

PC s  F ie ld  c a p a c ity , p e rc en t oven-dry v e ig h t

WP = W iltin g  p o in t ,  p e rc en t oven-dry v e ig h t

BD ■ Bulk d e n s ity  o f s o i l ,  grams p e r  cubic cen tim ete r

D -  Depth o f s o i l  la y e r  in  inches

N = Number o f s o i l  la y e rs  sampled

E stim a tio n  o f A vailab le  S o i l  M oisture 

The Concept o f Water Balance

S o il  m oisture i s  one of th e  most v a r ia b le  f a c to r s  a f f e c t in g  p la n t  

growth. I t  i s  a  c y c lic  phenomenon which i s  dependent on many d i r e c t  

and in d ir e c t  f a c to r s .  Simply s ta te d ,  s o i l  m oisture i s  a balance betveen  

v a te r  d e liv e re d  to  the  s o i l  a s  p r e c ip i ta t io n  and v a te r  removed from the  

solum by t r a n s p ir a t io n ,  ev ap o ra tio n , and g ra v i ta t io n a l  flow .

S o il  m oisture d a ta  a re  expensive, d i f f i c u l t ,a n d  time-consuming to  

c o l le c t  even w ith  th e  b e s t  in s tru m en ts . D ata covering  a p e rio d  o f time 

a s  long as th e  d u ra tio n  of t h i s  study a re  seldom a v a ila b le  in  even th e  

b e s t  c o n tro lle d  f i e l d  experim ents. In  t h i s  s tu d y , in d i r e c t ,  e m p iric a l



means were sought f o r  making p o in t  e s tim a te s  o f p a s t  a v a ila b le  s o i l  

m oisture f o r  th e  f iv e  s tudy  p la n ta t io n s  covering  th e  p e rio d  1953 to  

1959* Since t h i s  s tu d y  depended on th e  a b i l i t y  to  e s tim ate  p a s t  s o i l  

m oisture from m easurable s o i l  f a c to r s  and c lim a to lo g ie s !  v a r ia b le s ,  i t  

i s  n e ce ssa ry  to  b r i e f l y  review  th e  b a s is  f o r  such e s tim a te s .

The s o i l  m antle a c ts  as  s to rage  re s e rv o ir  f o r  s o i l  w a te r, r e ta in in g  

i t  u n t i l  l o s t  t o  e v ap o ra tio n , t r a n s p i r a t io n ,  o r g r a v i ta t io n a l  fo rc e . 

Thornthw aite (19W) end o th e rs  have c i t e d  th e  analogy  between s o i l  

m oisture  s to rag e  and a  bank accoun t. For t h i s  reaso n  term s such as 

w ater b a la n ce , w ater budget, and m oisture d e f i c i t  have come in to  p r a c t i ­

c a l  usage . A balance sh e e t o f w ater lo s s e s  (by ev ap o ra tio n , t r a n s p ir a t io n ,  

run-off^  and d ra inage) and a c c re tio n s  (by p r e c ip i ta t io n )  g ives a  measure 

o f th e  changes o ccu rrin g  in  th e  m oisture  co n ten t o f the  s o i l .  S ev e ra l 

in v e s tig a to r s  have developed methods to  e s tim ate  a v a ila b le  s o i l  m oisture 

by c a lc u la t in g  th e  w ater lo s s  from m eteo ro lo g ies! reco rd s  (T hornthw aite , 

19W j Penman, 191*8 ; B laney and C rid d le , 1950) •

Penman ( I 9W , 19l*9, 195&); by co n sid erin g  th e  energy balance and 

in flu en ce  of wind and vapor p ressu re  d iffe re n c e  on the  t r a n s f e r  o f w ater 

vapor t o  th e  atm osphere, d e riv ed  an eq u atio n  which enab les evap o ra tio n  

from  a  w ater su rface  t o  be c a lc u la te d  from mean a i r  tem p era tu re , mean 

a i r  vapor p re s su re , mean wind fo rc e ,  and mean d u ra tio n  o f sunsh ine . The 

conversion  of w ater lo s s  from  a f r e e  w ater su rface  to  a  v e g e ta tiv e  su r­

fac e  was accom plished by u sin g  e m p iric a l re d u c tio n  f a c to r s .

The com plexity  o f Penman*s approach i s  m an ifes t in  th e  number of 

f a c to r s  and c o n s ta n ts  re q u ire d  fo r  h is  s o lu t io n . I t  i s  in te r e s t in g  to  

note t h a t  on ly  391 w eather s ta t io n s  in  th e  U nited  S ta te s ,  in c lu d in g  on ly  

th re e  in  L ou is iana , re c o rd  d a ta  fo r  so lu tio n  o f th e  Penman fo rm ula .
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N ev erth e le ss , Penman*s eq u a tio n  has been used to  advantage in  p r e d ic t ­

in g  a g r ic u l tu r a l  drought in  North C a ro lin a , Alabama, and elsew here (Van 

B avel and V erlinden , 1956; Ward e t  a l , ,  1959)*

Thornthw aite p ic tu re d  w ater lo s s  from th e  s o i l  a s  an in te g ra te d  

fu n c tio n  o f evap o ra tio n  and t r a n s p ir a t io n .  A fte r  d e ta i le d  s tu d y , he 

concluded th a t  a i r  tem p era tu re , be ing  c lo s e ly  c o rre la te d  w ith  so la r  

r a d ia t io n ,  was an adequate measure of th e  atm ospheric demands fo r  mois­

tu re  when c o rre c te d  fo r  day le n g th . The concept o f p o te n t ia l  evapo- 

t r a n s p ir a t io n  advanced by Thornthw aite (19^8) in d ic a te d  he b e lie v e d , as 

d id  R ichards and W adleigh (1953), th a t  m oisture becomes p ro g re s s iv e ly  

l e s s  a v a ila b le  to  th e  p la n t  as s o i l  m oisture drops below f i e l d  c a p a c ity . 

I d e a l ly ,  p o te n t ia l  e v a p o tra n sp ira tio n  i s  th e  amount o f w ater lo s s  from 

a  lan d  mass com plete ly  covered w ith  vegetation-, i f  adequate s o i l  m oisture 

i s  p re s e n t to  supply  th e  need.

Thornthw aite and Hare (1955) o u tlin e  th e  m ajor f a c to r s  in flu e n c in g  

p o te n t ia l  e v a p o tra n sp ira tio n  as be ing :

1 . S o la r r a d ia t io n

2 . C apac ity  o f th e  a i r  to  remove vapor

3 . Nature o f th e  v e g e ta tio n

4 . A va ilab le  s o i l  m oisture in  th e  ro o t  zone

From th ese  f a c to r s  p o te n t ia l  e v a p o tra n sp ira tio n  (EE) may be 

expressed  th e o r e t i c a l ly  a s :

PE ■ C ta 

Where:

EE « Monthly p o te n t ia l  e v a p o tra n sp ira tio n , cm.

t  * Mean m onthly tem p era tu re , degrees C.

C ■ P ro p o r t io n a l i ty  co n stan t

a :  A c o n s ta n t, sm all in  c o ld  c lim a te s , la rg e  in  warm c lim ates
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D eriv a tio n  o f th e  c o n s tan ts  and rearrangem ent o f  Thornthw aite *s b a sic  

eq u a tio n  f i n a l l y  g iv es:

PE -  1 .6  ( 1 0 t / l ) a  

Where:

PE 5 P o te n t ia l  e v a p o tra n sp ira tio n  p e r month

t  » Mean m onthly tem perature
12

I  = Heat index ■ £
«

i= l

a = 0.49239 + 1792 X 10-5 1 -  771 x  10"TI 2 + 675 X 1 0"9 l3 

T his form ula i s  based  on a  s tan d ard  30-day month.

Mather (1950) concluded th a t  the  type  of v e g e ta tio n  was n o t an 

im portant f a c to r  in  p o te n t ia l  e v a p o tra n sp ira tio n  i f  th e  ro o t zone was 

f u l ly  occupied. I t  vas found in  Canada th a t  T h o rn th w a ite ^  form ula 

showed e r ro r s  o f as much as to  p e rc en t on a  d a i ly  b a s is ,  bu t were 

s a t i s f a c to r y  when averaged over a  weekly p e rio d  or lo n g er (Sanderson, 

1948) • Zahner (1956) s ta te d  t h a t  p o te n t ia l  e v a p o tra n sp ira tio n  can be 

underestim ated  by t h i s  method in  the  so u th -c e n tra l  U nited  S ta te s ,  b u t 

i t  i s  s u f f ic ie n t ly  p re c is e  to  use i t  in  m easuring the in te n s i ty  of 

summer drought. S tu d ies  in  M issouri in d ic a te d  th a t  Thornthw aite*s 

form ula gave e s tim a te s  o f e v a p o tra n sp ira tio n  a s  good o r b e t t e r  th an  those  

computed from Penman*s more complex equation  (Decker, 1961) .  Both 

methods gave accep tab le  r e s u l t s  fo r  th e  c lim ate  o f t h a t  a re a .

C a lc u la tio n  o f A vailab le  S o i l  M oisture

C lim a to lo g ies! d a ta  were a v a ila b le  on punched card s fo r  a l l  b u t one 

of th e  f iv e  w eather s ta t io n s  used  as a  b a s is  f o r  the  s tu d y . Weather 

d a ta  fo r  th e  one s ta t io n  no t on punched cards were key-punched from
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c lim a to lo g ic a l reco rds p u b lish ed  by th e  Weather Bureau (U.S. Department 

of Commerce, 1953-1959)* The punched card s were p a r t  of the  permanent 

w eather reco rd s  k ep t by th e  Weather Bureau, b u t were t r a n s fe r r e d  to  the  

L ouisiana S ta te  U n iv e rs ity  A g r ic u l tu ra l  Economics Department a f t e r  being  

converted  to  m agnetic tape  a t  th e  A sh e v ille , North C aro lin a  reco rd s 

c e n te r . The punched cards con ta ined  d a i ly  rec o rd s  o f p r e c ip i ta t io n  and 

tem perature taken  a t  each of th e  5 w eather s ta t io n s  during  th e  course 

of th e  s tu d y . These d a ta  card s formed the  nucleus of a l l  subsequent 

com putations. The h e a t index ( I )  fo r  each y e a r , a t  each p la n ta t io n ,  

was computed from mean m onthly tem pera tu res u s in g  th e  ta b le s  o f 

Thornthw aite and Mather (1957)•

C o lla b o ra tin g  w ith  th e  s t a f f  of th e  computer c e n te r ,  a  d a ta  

p ro cess in g  program was w r i t te n  f o r  the  IBM 650 d i g i t a l  computer. The 

program in co rp o ra ted  th e  ta b le s  and used th e  form ulae o u tlin e d  by 

Thornthw aite and Mather (1957) in  t h e i r  manual " In s tru c t io n s  and Tables 

f o r  Computing P o te n t ia l  E v ap o tran sp ira tio n  and th e  Water B alance" .

B r ie f ly  th e  program d id  t h i s :  given d a i ly  p r e c ip i t a t io n ,  d a i ly  mean

tem pera tu re , h e a t index ( I ) ,  and s o i l  m o is tu re -s to rag e  c a p a c ity  o f the  

s o i l ,  th e  program computed and punched d a i ly  va lues o f  - (1) p o te n t ia l  

e v a p o tra n sp ira tio n , (2 ) a v a ila b le  s o i l  m o is tu re , (3) a c tu a l  change in  

s o i l  m o is tu re , (4) s o i l  m oisture d e f i c i t  or s u rp lu s , (5) g r a v i ta t io n a l  

v a te r  rem aining in  th e  s o i l ,  and (6 ) t o t a l  amount o f w ater rem aining  in  

th e  s o i l ,  in c lu d in g  b o th  a v a ila b le  and g r a v i ta t io n a l .  Program d e sc r ip tio n  

and o p e ra tin g  in s t ru c t io n s  a re  Included  in  Appendix B. At about th e  same 

time t h i s  work was being  done, Zahner (1961), a t  th e  U n iv e rs ity  o f Michigan, 

adapted  Thornthw aite*s methods to  an IBM 709 d a ta  p ro cess in g  system .

D a ily  va lues ob ta ined  as ou tpu t from th e  IBM 650 o b je c t program



were l a t e r  p rocessed  and averaged in to  10-day  va lues by a  secondary d a ta  

assem bly program. The 10-day p e rio d s  began January  1 o f each year and 

extended through  7 years (1953-1959) • Organized in  t h i s  manner, the  

f i n a l  d a ta  gave 36 consecu tive  p e rio d s  fo r  each y e a r, each p e rio d  

re p re se n tin g  a  10-day average. One a d d it io n a l  p e rio d  a t  th e  end of 

th e  year con ta ined  th e  rem aining f iv e  o r s ix  days as th e  case m ight be. 

The 10-day  system  has advantages over th e  weekly p e rio d  in  t h a t  averages 

o f so il-m o is tu re  va lues a re  e a s ie r  to  compute, and i t  lends i t s e l f  w e ll 

t o  subsequent sum m arization in to  id e a liz e d  30-day  months.



RESULTS AND ANALYSIS 

H eight Growth Data 

A summary of mean annual h e ig h t growth from the  measurement p lo ts  

i s  shown in  Table 2. D e ta iled  in d iv id u a l tr e e  d a ta  a re  l i s t e d  in  

Appendix C. From in sp e c tio n  of the  d a ta , i t  i s  obvious th a t  d iffe re n c e s  

in  h e ig h t growth do e x is t  between y e a rs , bu t the range in  magnitude of 

th ese  d iffe re n c e s  i s  s u rp r is in g ly  sm all. This d iffe re n c e  could r e f l e c t  

va riance  caused by environm ental f a c to r s ,  age of t r e e ,  or a combination 

of bo th . V a ria tio n  between p lo ts  du ring  the same y e a r , in  some in s ta n c e s , 

appears la rg e  enough to  have been caused by d if fe re n c e s  in  s i t e  q u a li ty .

To v e r i fy  these  im pressions th e  data  were analyzed by n ested  or 

h ie ra rc h e l  a n a ly s is  of v ariance  (Snedecor, 1956; Anderson and B ancro ft, 

1952).

The m athem atical model used in  th e  a n a ly s is  was:

Yi j k  * ^ + Pi + Ti j  + e i jk

Where:

= H eight growth on the  i t h  p lo t  o f the  j t h  t r e e  

(jl ■ G eneral mean

Pi = E f fe c t  of the  i t h  p lo t

T. * E f fe c t  of the  j t h  t r e e  in  the  i t h  p lo t

0i j k  = E ffec 'fc of ^  k th  year in  the j t h  t r e e  of the  i t h  p lo t

31



Table 2. Mean annual h e ig h t growth of s la s h  p ine  t r e e s  on 33 s e le c te d  
p lo ts  in  L ou isiana , 195*4-1959

(In  fe e t)

P lo t 195*1 1955 1956 1957 1958 1959 Average

1 k .k2
P la n ta tio n  A, 

3.86 14.32
Beauregard P a r ish

3.80 *4.50 *4.20 *4.19
2 k .96 *4-.30 *4.62 3.76 *4.2*4 *4.70 *4.14*4
3 3.50 3.2*1- 3.58 2.78 *4.3*4 *4.10 3.60
*4 k . 6k *4- • 1*4- 3.78 3.5*4 *4.20 *4.26 *4.10
5 k .68 *4.5*4 *4.3*4 *4.22 *4.18 *4.52 *4.*42
6 4.72 14.10 *4.08 3.96 *4.36 *4.6*4 *4.32

Average 4 .50 .̂014- *4.13 3.68 *4.31 *4.*41

7 4.16
P la n ta tio n  B, A llen  P a r ish  

*4.08 3.38 3.12 2 .72 3.146 3.*49
8 *4.10 3.62 3.82 3.10 3 .08 3.56 3.55
9 3.*48 3.30 3.6*4 3.22 2 . 9*4 3.38 3.33

10 k . 2k 3.68 3.82 3.18 2.98 3.70 3.61
11 2.98 2.90 3.70 2.I48 3.08 3.1*4 3.05
12 3.56 3.50 3.7*4 3.30 3 .*46 3.92 3.59
13 *4.2*4 *4.26 *4.08 3.80 3.78 *4.*40 *4.10
1*4 2.70 3.36 3.60 3.98 *4.02 *4.16 3.6*4

Average 3.68 3.59 3.72 3.27 3.26 3.72

15 if.06
P la n ta t io n  C 

3.60 *4. *42
, Washington P a r ish  

3.6*4 *4.1*4 3.78 3.95
16 3.98 3.28 I4.I48 *4.00 *4.0*4 3.8*4 3.9*4
17 *<•.20 3.50 *4.36 3.78 3.9*4 3.*4*4 3.88
18 2.58 2.146 3.78 3.86 3.68 *4.08 3.*41
19 lf.26 3.32 *4.28 3.90 3.80 3.96 3.93

Average 3.82 3.23 *4.26 3.8*4 3.92 3.82

20 3.26
P la n ta tio n  D 

*4.1*4 3.76
, LaSalle P a r ish  

3.32 3.18 *4.06 3.63
21 3.52 3.6*4 *4.3*4 *4.02 *4.0*4 *4.18 3.96
22 *<•.38 3.78 *4.58 3.148 *4.50 *4.02 *4.13
23 3.5**- 3.36 *4.22 3.72 3.82 3 . 5*4 3.71
2*4 2.98 2.5*4 3.72 3.72 *4.10 *4.06 3.53
25 **-.3**- 3.82 *4.22 3.90 3.80 3.80 3.99
26 *<..16 3.52 *4.32 3.80 3.6*4 3.6*4 3.86

Average 3.7*4- 3.55 *4.17 3.71 3.87 3.90

27 3.22
P la n ta tio n  E, 

3 .78 *4.28
C laiborne : 

*4.28
P a rish

*4.28 3.90 3.96
28 2.50 3.28 *4.08 *4.*<6 *4.5*4 *4.142 3.89
29 3.62 3.78 3.92 *4.68 *4.76 *4.22 *4.17
30 2.62 3.26 *4.22 I4.I46 *4.1<6 3.86 3.82
31 3.5*4 3.38 *4.32 *4.22 *4.38 3.82 3.95
32 2.96 *4.10 3.8*4 *4.26 *4.10 3.76 3.8*4
33 3.06 3.78 *4.0*4 14.1414 *4.52 3.82 3.95

Average 3.08 3.63 *4.10 *4.*40 *4.*4*4 3.98
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Source o f  V aria tio n  Degrees o f  Freedom Expected Mean Square

P lo ts p-1

T re e s - in -p lo ts p ( t - l )
y t

Y e a rs - ln - tre e s p t ( y - l )

T o ta l p ty -1

p , t ,  and y a re  number of p lo ts ,  t r e e s  w ith in  each p lo t ,  and years 

w ith in  each t r e e ,  re s p e c t iv e ly .

R esu lts  o f the  an a ly ses  o f v a rian ce  a re  o u tlin e d  in  Table 3.

Sm all to  moderate d if fe re n c e s  between h e ig h t growth o f p lo ts  in  each 

p la n ta t io n  were r e f le c te d  in  th e  a n a ly s is , w ith  th e  excep tion  o f  the  

p lo ts  lo c a te d  in  C laiborne P a r ish  in  n o rth e rn  L o u is ian a . Uniform response 

in  h e ig h t growth of th e  f iv e  t r e e s  making up th e  sample in  each p lo t  

was m an ifes t in  low va rian ce  r a t i o s  o f th e  " t r e e s - in - p lo ts "  component 

o f  the  a n a ly s is .

Y e a rs - in - tre e s  v a r ia t io n  was used as th e  e s tim a to r  fo r  e r ro r  in  

th e  be tw een -trees ( t r e e s - in - p lo t s )  comparison o f the  a n a ly s is .  Average 

annual h e ig h t growth and a s so c ia te d  s tan d ard  e r r o r s  fo r  each p la n ta t io n  

i s  shown in  F igure  3 . Annual h e ig h t growth fo llow s th e  same genera l 

tre n d  f o r  a l l  p la n ta t io n s ,  excep t P la n ta t io n  E.

The C laiborne P a r is h  lo c a tio n  (P la n ta tio n  E) appears to  be an 

anomaly among th e  p la n ta t io n s  s e le c te d  fo r  s tu d y . C h a ra c te r is t ic  tre n d  

l in e s  f o r  P la n ta t io n s  A through D o s c i l l a t e  about th e  mean. The tre n d  

l in e  f o r  P la n ta tio n  E i s  w e ll-d e f in e d , p a ra b o lic , and does n o t show the  

same p a t te rn  o f  e r r a t i c  annual v a r ia t io n  as do th e  r e s t .



Table 3. R e su lts  o f n e s te d  a n a ly s is  of va riance  f o r  annual h e ig h t growth 
d a ta

Source of Degrees o f Sum o f Mean Variance Level o f
v a r ia t io n  freedom squares squares r a t i o  s ig n if ic a n c e

P la n ta tio n  A, Beauregard P a rish

P lo ts
T re e s - in -p lo ts  
Y e a rs - in - tre e s

5
2k

150

l k .6
8 .1

14-7.8

2.93
0.31+
0.32

8.68
1.06

< 0.001P 
NS

T o ta l 179

P la n ta tio n  B, A llen  P a rish

P lo ts 7 15.8 2.26 9.16 < 0 .00IP
T re e s - in -p lo ts 32 7 .9 0.25  < 1 NS
Y e a rs - in - tre e s 200 7-5.6 0.38

T o ta l 239

P la n ta t io n  C, Washington P a r ish

P lo ts k 6 .3 1.58 2 . 9I4- < 0.05P
T re e s - in -p lo ts 20 10.8 0 .5^ 1.60 <0.10P
Y e a rs - in - tre e s 125 14-2.2 0 .3^

T o ta l 1^9

P la n ta t io n  D, LaSalle P a r ish

P lo ts 6 12.2 2.03 k . 6k <0.01P
T re e s - in -p lo ts 28 12.2 0.^4- 1.38 0.10P
Y e a rs - in - tre e s 175 55-6 0 .32

T o ta l 209

P la n ta t io n  E , C laiborne P a r ish

P lo ts 6 2 .k 0.14-0 1.33 NS
T re e s - in -p lo ts 28 8.14 0.30  < 1 NS
Year s - in - t r e e s 175 89.7 0 .51

T o ta l 209

NS denotes p ro b a b i l i ty  g re a te r  th an  0.20P
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F igure  3. Average annual h e ig h t growth and s tan d ard  e r ro r  of th e  mean fo r  the  
f iv e  s la s h  p ine  p la n ta t io n s ,  195^-1959
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S o il  Moisture Data

L aboratory  Analyses

P h y s ica l p ro p e r t ie s  and s o i l  m oisture c h a r a c te r i s t i c s  o f th e  s o i l s  

a re  shown in  Appendix A; a  summary of th ese  p ro p e r t ie s  i s  p resen te d  in  

Table 4.

I t  was found th a t  the  dependency o f s o i l  m oisture co n s tan ts  on the  

te x tu re  o f the  s o i l  s tu d ie d  i s  so s tro n g  th a t  th ey  can be e s tim ated  w ith  

f a i r  p re c is io n  from p a r t i c l e - s i z e  d i s t r ib u t io n  alone (C u rlin , i 960) ,  

th u s  v e r ify in g  the  r e s u l t s  o f H i l l  (1959)• Polynom ial and sim ple l in e a r  

fu n c tio n s  of the  p a r t i c le - s iz e  d i s t r ib u t io n  a n a ly s is  were f i t t e d  to  the 

f i e l d  c a p a c ity , w il t in g  p o in t,  and a v a ila b le  s o i l  m oisture d a ta . The 

r e s u l t in g  p re d ic tio n  equations and c o r r e la t io n  c o e f f ic ie n ts  a re  shown 

below:

F ie ld  c a p a c ity  Y = 32.936 -  0.333X-L r  = - 0.870

W iltin g  p o in t Y = 1.216 + O.295X3 + 0.003X | r  = +O.890

A vailab le  s o i l  m oisture
sto rag e  c a p a c ity  Y = 0.290 + O.289X2 r  = +O.76I

Where:

Y ■ P ercen t m oisture by w eight 

s P ercen t sand 

Xg = P e rcen t s i l t  

X3 = P e rcen t c la y  

C o rre la tio n  c o e f f ic ie n ts  were a l l  s t a t i s t i c a l l y  s ig n i f ic a n t  a t  the 

0 .001 le v e l  o f p ro b a b il i ty .  These r e s u l t s  were l a t e r  co rro b o ra ted  by 

B a r re t t  (1961) on s im ila r  s o i l s  in  L ou isiana . Bulk d e n s ity , o rganic 

m a tte r  c o n te n t, and the  type o f c la y  m inera l in  dominance a ls o  p lay  an 

im portan t ro le  in  determ in ing  th e  s o i l  m oisture c o n stan ts  and p robably  

account fo r  a  la rg e  p o r tio n  o f th e  rem ainder o f the  unexplained  v a r ia t io n .
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Table If. Gross c h a r a c te r i s t ic s  of the  s o i l  p r o f i le  a t  the  33 s tu d y  p lo ts .

Average s o i l
Surface s o i l  Depth of m oisture s to rage  T o ta l s o i l  m oisture

P lo t  te x tu re  ro o t zone c a p a c ity /fo o t o f depth  sto rage  cap ac ity

Inches Inches Inches

1
2
3
If
5
6

sandy loam 
sandy loam 
loam
sandy loam 
loam
s i l t  loam

P la n ta t io n  A. 
60 
60 
12 
60 
6o 
6o

Beauregard P a r ish  
2.018  
1.866 
3 .6 2 0  
2.326 
2.178  
2.568

10.09
9 . 3 3
3.62

1 1 .6 3
10.89
12.81f

P la n ta t io n  B A llen  P a rish
7 s i l t  loam 60 2.706 13.53
8 s i l t  loami 60 2.960 I lf . 80
9 s i l t  loam 12 2 .WO 2 . If 8

10 s i l t  loam 60 2.818 Ilf. 09
11 s i l t  loam 60 2 . 87^ 1^. 37
12 s i l t  loam 60 2.806 Ilf. 03
13 sandy loam 60 1 .66k 8 . 1f2

P la n ta t io n  C, Washington P a r ish
Ik loam 60 1 . 9^2 9.71
15 sandy loam 60 1.592 7.96
16 loam 60 1.39^ 6.97
17 sandy loam 60 1.892 9.W
18 sandy loam 60 2 . 1llf 10.57
19 loam 60 1.950 9.75

P la n ta t io n  D., LaSalle P a r ish
20 sandy loam 60 1.778 8 .89
21 sandy loam 60 1.072 5.36
22 sandy loam 60 1.260  . 6 .30
23 loamy sand 60 0.998 i t .99
2lf loam 18 2.500 3-75
25 loamy sand 60 1.032 5.16
26 sandy loam 60 0.758 3.79

P la n ta t io n  E, C laiborne P a rish
27 sandy loam 60 0.861)- if .32
28 sandy loam 60 0.398 1.99
29 loamy sand 60 o . m 2 .1flf
30 sandy loam 60 0 .k62 2.31
31 sandy loam 60 0 .W 6 2.1f3
32 sandy loam 60 0.198 0.99
33 loam 60 1.212 6.06



To a r r iv e  a t  t o t a l  a v a ila b le  s o i l  m oisture- s to rag e  c ap a c ity , depth  

o f th e  e f f e c t iv e  ro o t  zone must be taken  in to  accoun t. The e f fe c t iv e  

ro o t  zone i s  t h a t  depth  o f  s o i l  in  which p la n ts  a re  ab le  to  e x tr a c t  

m o is tu re . Obvious d i f f i c u l t i e s  in  working w ith  p la n ts  as la rg e  as t r e e s  

have d iscouraged  d i r e c t  s tu d ie s  o f ro o tin g  p a tte rn s  and maximum ro o tin g  

dep ths o f most sp e c ie s . No work in  th e  l i t e r a t u r e  e s ta b l is h e s  the 

maximum depth  o f p e n e tra t io n  o f s la s h  pine ro o ts ,  nor does i t  d efine  the  

s o i l  d e n s i ty  which l im i ts  ro o t growth.

Lack of in fo rm ation  in  d e fin in g  th e  e f f e c t iv e  ro o t  zone i s  perhaps 

th e  weakest f a c to r  in  t h i s  s tudy . M eredith and P a tr ic k  (1961) a r t i f i ­

c i a l l y  compacted samples o f th re e  L ouisiana s o i l s  and s tu d ie d  th e  ro o t 

p e n e tra t io n  of sudan g ra s s . R e su lts  showed th a t  l i t t l e  p e n e tra tio n  

occu rred  above bu lk  d e n s i ty  1.60  in  c la y  loams and I .65 to  1.70  in  

sandy loams. Depth to  which a ro o t  w i l l  grow and th e  maximum d e n s ity  

o f th e  m a te r ia l  i t  can p e n e tra te ,  i s  in h eren t in  th e  p la n t .  One cannot 

expec t th en  to  t r a n s la te  response o f sudan g rass  to  s la sh  p in e , b u t 

such s tu d ie s  do give in d ic a tio n s  of th e  l im itin g  range of s o i l  d e n s ity . 

F l o r r i s t a l l  (195*0 concluded th a t  t r e e  ro o ts  cannot p e n e tra te  bulk 

d e n s i t ie s  g re a te r  th an  1 .6  to  1 .8 . C r i t i c a l  d e n s ity  depends, however, 

on sp ec ies  invo lved , s o i l  te x tu re ,  and th e  m oisture  co n d itio n s of th e  

s o i l .  A study  of th e  ro o tin g  c h a r a c te r i s t ic s  of w estern  w hite pine 

(L eaphart, 1958) in d ic a te d  th a t  a  hardpan w ith  bu lk  d e n s ity  of 1 .6  or 

g re a te r  p ro h ib ite d  ro o t  p e n e tra t io n . Under the  same co n d itio n s , 

lodgepole p in e , D o u g la s -f ir , and w estern  hemlock ro o ts  were found growing 

in  or beneath  th e  same pan. G r i f f i t h  ( i 960) re p o r te d  t h a t  D o u g la s-fir  

ro o ts  r e a d i ly  p e n e tra te d  sandy loam s o i l s  o f b u lk  d e n s ity  1 . 50.

Armson and W illiam s ( i 960) p resen ted  evidence t h a t  ro o t development
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of red  p ine was se v e re ly  reduced when the bu lk  d e n s ity  of sand was 

in c re ased  from 1 .02  to  1 .^5 .

I t  i s  ev id en t t h a t  bu lk  d e n s ity  in te r a c ts  w ith  s o i l  te x tu re  in  

r e s t r i c t i n g  ro o t growth, and th a t  i t  i s  im possib le to  e s ta b l is h  a l im i t ­

ing  bulk d e n s ity  fo r  a l l  sp ec ies  and s o i l  te x tu re s .  In  the  absence of 

concrete  In fo rm ation , bulk  d e n s ity  of the s o i l  was not considered  

l im itin g  as long as th e  sampling to o l  was ab le  to  e x tra c t  a core sample. 

S i l t  loam and loam s o i l s  g e n e ra lly  sampled e a s i ly  up to  bulk  d e n s ity  

1 . 7 .  Clayey s o i ls  became d i f f i c u l t  to  sample a t  1 . 6 .  On p lo ts  3,  9,  

and 2b, th e  presence of an impermeable pan r e s t r i c t e d  s o i l  sam pling.

The s o i l s  on these  p lo ts  were loams and s i l t  loams w ith bu lk  d e n s i tie s  

rang ing  from 1.51 "to 1.57-

Most in v e s tig a tio n s  o f the  depth  of e f fe c t iv e  ro o t zone have been 

in d ir e c t  s tu d ie s  of th e  s o i l  m oisture regime through th e  growing season. 

Metz and D ouglass(1959) observed m oisture d e p le tio n  to  a depth  of 66 

inches under a  young lo b lo l ly  pine p la n ta t io n . Zahner (1958) a ls o  

re p o r te d  w ater use by lo b lo l ly  and s h o r t le a f  p ine a t  depths of more than  

fo u r f e e t .  In  New Je rse y , m oisture in  a sandy s o i l  was removed from 

depths o f more th an  10 f e e t  under a  p o le -s iz e  s tan d  of s h o r t le a f  pine 

(L u ll and Axley, 1958)•

Ample evidence e x is ts  th a t  most sou thern  p ine spec ies  can u t i l i z e  

s o i l  m oisture from th e  upper f iv e  f e e t  o f the  s o i l  p r o f i le .  A 6o-inch  

depth was used as th e  maximum e f fe c t iv e  ro o t  zone in  t h i s  study  and 

a v a ila b le  m oisture d a ta  were computed on t h i s  b a s is ,  except fo r  p lo ts  

3 , 9, and 2b, where a  r e s t r i c t i v e  la y e r  was p re se n t.

S o i l  m o is tu re -s to rag e  c a p a c itie s  above f iv e  inches were rounded to  

th e  n e a re s t  even-numbered inch  fo r  use by th e  computer program. Those
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below f iv e  were rounded to  th e  n e a re s t  inch  to  conform w ith  Thornthw aite 

and Mather*s ta b le s  (1957)•

A vailab le  S o i l  M oisture

Computed a v a ila b le  so il-m o is tu re  values fo r  the  p lo t  w ith  the 

sm a lle s t and th e  p lo t  w ith  the  la r g e s t  s to rage  c ap a c ity  a t  each 

p la n ta t io n  fo r  th e  p e rio d  1953 to  1959 a re  shown in  F igure If. These 

l in e s  show th e  range in  a v a ila b le  s o i l  m oisture  encountered a t  each 

p la n ta t io n . S o il  m oisture cycles a t  a l l  p la n ta t io n s  are  q u ite  s im ila r .

In  most c a se s , ra p id  d e p le tio n  of s o i l  m oisture  began between periods 

10 and l*f (A p ril 1 to  May 10), proceeded e r r a t i c a l l y  to  the  p e rio d  of 

low est s o i l  m o is tu re , which u su a lly  occurred  du ring  the  2*fth and 27th  

p e rio d s  (August 18 to  September 19), and f i n a l l y  the  s o i l  became 

f u l ly  recharged  by th e  end of th e  ca len d ar y ear.

P la n ta t io n s  in  C la ibo rne , L aSalle, and A llen  P a rish e s  su ffe re d  

t h e i r  d r i e s t  year in  195^. Beauregard P a r is h  showed low est s o i l  

m oisture in  1956 and W ashington P a r ish  in  1957- At a l l  lo c a tio n s , 

excep t P la n ta t io n  D, LaSalle P a r ish , th e  w e tte s t  year was 1959* The 

w e tte s t  year a t  P la n ta t io n  D was 1958*

A nalysis o f H eight Growth

Age Trend

According to  Baker (1950), th e  h e ig h t growth p a t te r n  o f f o r e s t  t r e e s  

occurs in  th re e  d i s t i n c t  s ta g e s : (1 ) t h a t  a s so c ia te d  w ith  ju v en ile  de­

velopm ent, (2) an in te rm ed ia te  s ta g e , and (3) a  p e rio d  of d e c e le ra tio n .

C h a ra c te r is t ic s  o f ju v en ile  growth vary  w ith  shade to le ran c e  of 

th e  sp ec ie s  and i t s  environm ent. During th i s  p e rio d  s la sh  p in e , which 

i s  in to le r a n t ,  e x h ib i ts  ra p id  le a d e r  e lo n g a tio n  soon a f t e r  estab lishm en t 

o f th e  t r e e .  The ju v e n ile  p o r tio n  o f th e  growth curve i s  d esc rib ed  by
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the  compound in te r e s t  fu n c tio n  and i s  ex p o n en tia l in  form (Baker, 1950).

The p e rio d  of a c c e le ra tio n  in  the  ju v en ile  stage  passes in to  the  

in te rm ed ia te  s tage  in  which growth i s  approxim ately  co n stan t year to  

y e a r , and i s  a t  a  maximum; th u s th e  equation  d e sc r ib in g  t h i s  p e rio d  of 

growth i s  l in e a r  in  form. Annual h e ig h t growth i s  maximum during  the  

in te rm ed ia te  phase of development. Length of t h i s  p e rio d  of su s ta in ed , 

ra p id  growth i s  d i f f i c u l t  to  determ ine because no d i s t in c t  t r a n s i t io n  

to  th e  n ex t s tage  i s  apparen t.

The p e rio d  of d e c e le ra tio n  marks m aturing o f th e  t r e e .  During th is  

s ta g e , the  growth curve assumes a form d escrib ed  by Weber*s form ula
m h

(Busgen and Munch, 1929). In  i t s  s im p lest form i t  i s  id e n t ic a l  to  the  

form ula of the law o f th e  minimum (M itsch erlich , 1909).

Composited, c h a r a c te r is t ic  equations fo r  th e  th re e  s tag es  of growth; 

ju v e n ile , in te rm ed ia te , and d e c e le ra tio n  s ta g e , form the  in te g ra te d  

sigm oid fu n c tio n  o ften  a sso c ia te d  w ith  b io lo g ic a l  phenomenon.

I f  one m athem atica lly  d i f f e r e n t ia te s  the  h e ig h t-ag e  curve described  

above, a p ic tu re  o f annual h e ig h t growth in  r e l a t i o n  to  age i s  ob tained . 

Czarnowski (1961) s ta te d ,  "During i t s  f i r s t  years  the  tr e e  grows slow ly 

in  h e ig h t, b u t growth in c re a se s  every  year up to  a  c e r ta in  maximal 

v a lu e ; a fte rw ard s , growth d im in ishes r a th e r  suddenly fo r  a few years 

and th en  fades c o n s ta n tly  and g e n tly " . The age a t  cu lm ination  of 

annual h e ig h t growth occurs a t  a  r e l a t i v e ly  young age, l a t e r  on poor 

s i t e s  th an  on good s i t e s .  Czarnowski showed th a t  the  h e ig h t growth of 

lo b lo l ly  pine culm inated a t  the  age of 5 or 6 y ears  on the  b e s t  s i t e s  

and up to  11 years on th e  poorer s i t e s ;  however, he d id  n o t p re sen t 

d a ta  f o r  s la sh  p in e .

B ennett (1963) observed th a t  s la sh  pine p la n te d  on an average



o ld - f ie ld  s i t e  ( s i t e  index 65 , 25-year b a s is )  in  so u th -c e n tra l  G eorgia, 

grew only  0.50  t o  0.75  f e e t  the  f i r s t  y ear, 2.0  f e e t  th e  second y e a r, 

and about 3-0 f e e t  the  t h i r d  and fo u r th  y e a rs . During the  f i f t h ,  s ix th ,  

and seventh  y e a rs , J+.O f e e t  or more h e ig h t growth Was added, w hile 

growth d ec lin ed  to  about 3.5  f e e t  during  the  e ig h th  and n in th  y e a rs .

Over a 10-year p e rio d  (age 10 to  20), h e ig h t growth d e c lin ed  approxim ately  

50 p e rc e n t. There are  in d ic a tio n s  th a t  t h i s  d ec lin e  in  growth can be 

expected to  continue u n t i l  l i t t l e  e f fe c t iv e  h e ig h t growth i s  r e a l iz e d  

a f t e r  age 35 (B ennett, i 960) .  B ennett*s d a ta  seems to  support 

Czarnowski*s th eo ry  (Czarnowski, i 960) of the  ag e -h e ig h t growth 

r e la t io n s h ip .

While i t  i s  recogn ized  th a t  the  age of the  t r e e  and stage of 

growth have profound e f f e c ts  on h e ig h t increm ent, i t  was no t p o ss ib le  

to  a d ju s t  th e  h e ig h t d a ta  of t h i s  s tu d y  fo r  th ese  d if fe re n c e s  in  age 

because of the  narrow range of age c la sse s  sampled in  each p la n ta t io n , 

and the  confounding e f f e c t  of environm ent (F igure 3 ).

The e f f e c t  o f the age f a c to r  was reduced by  analyzing  the e f f e c ts  

of s o i l  m oisture on h e ig h t growth se p a ra te ly  a t  each lo c a tio n , th e reb y  

r e s t r i c t i n g  the  age range to  6 y e a rs . This a ls o  minimized the in flu en ce  

of secondary f a c to r s  no t p e r t in e n t  to  t h i s  s tudy  by r e s t r i c t i n g  them to  

the  range encountered a t  a  s in g le  lo c a tio n  and e lim in a tin g  the confounding 

e f f e c t  in h e re n t in  a  pooled a n a ly s is .

Seasonal Course o f H eight Growth

The p a tte rn  o f seasonal h e ig h t growth of s la s h  p ine i s  s im ila r  to  

t h a t  o f lo b lo l ly  pine (W illis to n , 1951). B ennett (1956) re p o rte d  th a t  

approxim ately  55 to  60 p e rc en t o f the  h e ig h t growth o f s la s h  pine growing 

in  sou thern  Georgia was completed by A p ril  30, and 68 to  77 p e rcen t was
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com pleted by May 31 In  1953 and 195^- Only 10 to  20 p e rc en t of th e  . 

growth occurred  a f t e r  June 30.

Smith ( i 960) observed th a t  in  1953 to  1955 h e ig h t growth of s la sh  

pine in  sou thern  M iss is s ip p i began between March 1 and March 15 . Growth 

was 55 p e rcen t completed by May 1, 90 p e rc en t by Ju ly  1, and 95 p e rcen t 

completed by August 1.

Records o f 2 - , 3 -, and 4 -y ea r-o ld  s la sh  p ine in  Georgia showed 

t h a t  25 p e rcen t o f the  h e ig h t growth was completed by the  end of March, 

52 p e rcen t by the  end of A p r il , 85 p e rc en t in  June, and by mid-August,

95 p e rc en t of a l l  h e ig h t growth had occurred  (B ennett, 1963) .  No 

measurements were made a f t e r  October 31 and i t  was assumed th a t  h e ig h t 

growth was completed by th a t  tim e . Only about one p e rc en t of the  t o t a l  

growth occurred  in  October.

I t  has been no ted  th a t  South F lo r id a  s la s h  pine grows throughout 

th e  year (Langdon, 1963) .  The g re a te s t  p ro p o rtio n  o f the  annual h e ig h t 

growth (55 p ercen t) occurred  in  th e  p e rio d  from March through May. The 

amount o f h e ig h t growth was about the  same in  th e  sum m er-fall season 

(June to  November, 22 p e rc e n t) , and in  the  w in te r season (December to  

February , 23 p e rc e n t) .

I t  i s  probable t h a t  h e ig h t growth was com pleted by November a t  a l l  

of the  p la n ta t io n s  sampled in  t h i s  s tudy . However, th e  a n a ly s is  of the  

s o i l  m oisture was extended through  th e  end of th e  growth year to  in su re  

t h a t  the  t o t a l  growth p e rio d  was included .

H eight Growth -  S o il  M oisture In te ra c t io n  

A n a ly tic a l Approach

R egression  a n a ly s is  i s  p a r t i c u la r ly  w e ll adap ted  to  in te rp r e ta t io n  

of experim en tal r e s u l t s  from b io lo g ic a l  s tu d ie s . M ultip le  re g re ss io n



a n a ly s is  i s ,  however, sev ere ly  lim ite d  by r e s t r i c t io n s  and assum ptions 

which must be s a t i s f ie d  fo r  v a l id  a n a ly s is .  In  the d e r iv a tio n  of the  

Simultaneous normal equations used in  th e  l e a s t  squares so lu tio n  i t  i s  

assumed th a t  the independent v a r ia b le s  are  f ix e d  v a r ia te s ,  drawn from a 

normal popu lation  and are  measured w ithou t e r r o r .  In  a c tu a l i ty  the 

r e s id u a l  e r ro rs  are in h e r i te d  by  the dependent v a ria b le  because i t  i s  

p re d ic te d  from o ther v a r ia b le s . To i l l u s t r a t e  th e  problem take  the 

case of a simple l in e a r  tw o-variab le  r e la t io n s h ip — th e re  are  two 

p o ss ib le  so lu tio n s  f o r  the experim en tal data o f X and Y. F i r s t  i s  a 

re g re ss io n  o f Y on X w ith  re s id u a l  e r r o r s  a sso c ia te d  w ith  Y:

Y = a  + Px

Second i s  the  re g re ss io n  of X on Y w ith  e rro rs  a sso c ia te d  w ith  X:

X = 01 + Py

An equation  can be developed which p re d ic ts  Y from X w ith  a minimum 

mean square e r ro r .  S im ila r ly  by in te rchang ing  X and Y, an equation  can 

be ev a lu a ted  which p re d ic ts  X from Y, a ls o  w ith  minimum mean square e r ro r .  

Seldom w ith b io lo g ic a l  da ta  w i l l  the r e s u l t in g  re g re ss io n  c o e f f ic ie n ts  

o f the  two m athem atical so lu tio n s  be id e n t ic a l ,  because the r e s id u a l  

e r ro r s  are  a sso c ia te d  w ith  d i f f e r e n t  re g re s s io n  components, and th ese  

components a re  not measured w ithout e r r o r  as sp e c if ie d  in  the  b asic  

assum ptions of re g re ss io n  a n a ly s is .

A second prem ise, probably  the m ost im portan t, i s  the assum ption 

t h a t  the  so -c a lle d  independent v a r ia b le s  are n o t in te r c o r r e la te d  w ith  

each o th e r. The consequences o f in te r c o r r e la t io n s  were d iscussed  by 

Anderson and B ancroft (1952); th ey  concluded t h a t  i t  was in v a lid  to  make 

s ig n if ic a n c e  t e s t s  o f c o n trib u tio n s  o f  in d iv id u a l fa c to r s  i f  i n t e r ­

c o rre la t io n  was high  and th a t  the  p re d ic tio n  equation  could on ly  be 

t r e a te d  as a  whole. Case examples o f th e  se rio u sn ess of the problem
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are  m an ifest in  work of K oelzer and Ford (1956) and Sharp e t  a l .  ( i 960) .  

Both im plied  t h a t  h igh  c o r re la t io n  between independent v a r ia b le s  may 

r e s u l t  in  an apparen t lack  of co n sis ten cy  such a s  s ig n  r e v e r s a l  and 

unreasonable magnitude of re g re ss io n  c o e f f ic ie n ts .  In  t h i s  even t the  

c o e f f ic ie n ts  of th e  v a rio u s term s a re  no t e s tim a te s  of the  independent 

c o n tr ib u tio n s  of those term s, because the term s them selves a re  no t 

independent.

In  b io lo g ic a l  s tu d ie s  we a re  more o f te n  in te re s te d  in  th e  cau sa tiv e  

f a c to r s  of an occurrence, r a th e r  than  the  p re d ic tio n  of the  magnitude of 

the  occurrence. What i s  needed in  t h i s  case i s  a so lu tio n  in  which the  

c o e f f ic ie n ts  are  w eighting  fa c to r s  fo r  each term . The s tru c tu re  o f the  

equation  i s  more im portan t than  the  accuracy  of the  p re d ic te d  va lue .

A so p h is t ic a te d  s t a t i s t i c a l  technique was developed by W ishart (1928) 

which p a r t i a l l y  overcomes the  d isadvantages of re g re s s io n  a n a ly s is  in  

e v a lu a tin g  th e  interdependence of a  s e t  o f v a r ia te s — i t  i s  c a l le d  

m u ltiv a r ia te  a n a ly s is . More s p e c i f ic a l ly ,  th e  branch of m u ltiv a r ia te  

a n a ly s is  used f o r  ex p lo rin g  the  a s so c ia t io n  of v a r ia b le s  i s  component 

a n a ly s i s .

M u ltiv a r ia te  a n a ly s is  has had l i t t l e  use in  p r a c t ic a l  problem s, 

m ainly because of the  com plexity  of th e  m athem atics involved. K endall 

(1957) c i t e s  se v e ra l examples where t h i s  approach has been used success­

f u l ly  in  educa tion , a g r ic u l tu r e ,  soc io logy , m edicine, p h y s ic s , and the 

b e h av io ra l sc ien c es .

The m u ltiv a r ia te  approach i s  based on re c o g n itio n  o f the  c o r re la t io n s  

among the  independent v a r ia te s .  I t  a ls o  p rov ides fo r  d i s t r ib u t in g  the 

e r ro r  among a l l  v a r ia te s , r a th e r  than  a s s o c ia t in g  i t  com pletely  w ith  the  

dependent term . A component a n a ly s is  i s  perform ed on the  c o r re la t io n



m atrix  of the  independent v a r ia b le s ,  and t h i s  id e n t i f i e s  a l l  th e  t r u ly  

independent (orthogonal) v a r ia te s  t h a t  a re  p re s e n t . This i s  accom plished, 

in  th e  term inology o f m atrix  a lg e b ra , by f in d in g  th e  corresponding ro o ts  

and v ec to rs  of the  c h a r a c te r is t ic  equation  of th e  m atrix  o f c o r re la t io n  

c o e f f ic ie n ts .  The r e s u l t in g  ro o ts  and v e c to rs  d e fin e  new and m utually

independent v a r ia te s .  K endall (1957) and Snyder (1962) have shown how 

t h i s  technique may be used to  eva lua te  equations o f r e la t io n s h ip  to  the 

o r ig in a l  measured v a r ia te s .  The magnitude of th e  c o e f f ic ie n ts  o f the  

v a r ia te s  in  th ese  equations a re  th en  a c tu a l  e s tim a te s  of th e  independent 

c o n tr ib u tio n s  of the  in d iv id u a l v a r ia b le s .
.t  *

The f i r s t  s te p  in  m u ltiv a r ia te  a n a ly s is  i s  the  conversion  from the

normal d is t r ib u t io n  o f the  o r ig in a l  v a r ia te s  to  the  s tandard  normal d is ­

t r ib u t io n  w ith  mean zero and u n i t  v a ria n ce , i . e .  w ith  p,= 0 and 

a ^ s 1 . A ccording to  O stle  ( i 960) ,  any normal d is t r ib u t io n  may be

transform ed to  th e  s tan d ard  normal by means o f the  equation :

Z * Y - " V______
a

Where Y i s  th e  v a r ia b le  th a t  i s  norm ally d is t r ib u te d  w ith  mean P-
pand variance  cr , th en  Z i s  norm ally d is t r ib u te d  w ith  mean zero 

and v ariance  one. The c o r re la t io n  m atrix  i s  c a lc u la te d  from th ese

s tan d a rd ized  d a ta . By computing the  determ inant o f the  c o r re la t io n

m atrix , th e  s o -c a lle d  c h a r a c te r i s t ic  equation  i s  d e riv ed . This equation  

i s  the source of th e  c h a r a c te r i s t ic  ro o ts  and v e c to rs  commonly c a l le d  

e igenvalues and e ig e n v ec to rs . E igenvecto rs can then  be used to  compute 

th e  component o f each of the  o r ig in a l  v a r ia te s  t h a t  a re  p re se n t in  the  

newly computed o rthogonal v a r ia te .  In  e f f e c t ,  th e  number o f v a ria b le s  

i s  reduced by d isc a rd in g  the  l in e a r  com binations which have sm all
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v arian ces  so t h a t  those  w ith  la rg e  v a rian ces  may be id e n t i f i e d  fo r  

f u r th e r  study . V ariab les w ith  low variance  c o n tr ib u te  l i t t l e  in  e x p la in ­

ing  th e  re a c tio n  o f the dependent f a c to r .

The f i n a l  equation  produced by m u ltiv a r ia te  a n a ly s is ,  a f t e r  con­

v e rs io n  back to  th e  o r ig in a l  v a r ia te s ,  i s  q u ite  s im ila r  to  th e  equation  

a r r iv e d  a t  by re g re s s io n  a n a ly s is  i f  h igh  c o r re la t io n  does n o t e x is t  

among the  independent v a r ia te s .  The added fe a tu re  of reducing  th e  e f f e c t  

of in te r c o r r e la t io n  by use of m u lt iv a r ia te  a n a ly s is  i s  gained a t  th e  co st 

of a  decrease in  the  m u ltip le  c o r re la t io n  c o e f f ic ie n t  (R ). R egression  

a n a ly s is  g ives the  b e s t l e a s t  squares f i t  to  the  experim en tal d a ta ; 

m u ltiv a r ia te  a n a ly s is  s a c r i f ic e s  th e  p re c is io n  o f f i t  f o r  suppression  

of th e  adverse e f f e c ts  o f in te r c o r r e la t io n .

A nalysis o f the  36 S o il  M oisture P eriods

C o rre la tio n  a n a ly s is  of th e  independent v a r ia b le s  d id  indeed re v e a l 

h igh  p o s it iv e  in te r c o r r e la t io n  (Table 5)• I n tu i t iv e ly  one would expect 

t h i s  h igh  degree of a s s o c ia t io n , since  s o i l  m oisture of one 10-day 

p e rio d  profoundly  a f f e c t s  the s o i l  m oisture of the  fo llow ing  p e rio d .

The w ider th e  spread  of tim e between p e rio d s , the  lower the  c o r re la t io n .

The d a ta  were sep a ra ted  by p la n ta t io n , and l in e a r  m u ltiv a r ia te  

ana ly ses were perform ed on the s o i l  m oistu re  d a ta  fo r  th e  year p r io r  to  

growth and the  growth y e a r . A nalysis was c a r r ie d  out on an IBM 70^ d a ta  

p ro cess in g  system  usin g  Share 70^ program "TVFPCEE P r in c ip a l  Components 

P re d ic tio n  E quation 1168". This program uses the  same l in e a r  model as 

most m u ltip le  l in e a r  re g re s s io n s :

X *  e 0  + + SgXg + S j X j  . . .  ^

Where Y i s  annual h e ig h t growth and X-j_ . . .  a re  average s o i l  

m oisture le v e ls  fo r  th e  36 s o i l  m oisture p e rio d s .

R esu lts  o f th ese  analy ses a re  summarized in  F igure  5 . The r e la t iv e
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.916 -895 -877 .828 .695 .637 -511 • kk3 • 5kO •*13 .*59 .*81 • 506 .505 • 536 59* .615 •737 671 .728 .828

-910 •937 -919 .880 .768 .709 • 593 • 5k5 .613 .501 -533 • 539 • 556 • 570 •591 •6*5 .676 ■775 •732 .786 .858
.838 -969 -935 •895 .822 .731 .619 .610 • 6kO • 5*7 .556 - 5*8 .557 .600 .607 . 6*5 .695 .785 762 .798 . 85*

-917 -9kO -895 •859 .751 .723 .657 • 59k .615 .519 • 530 .513 .516 • 532 .550 .61* .6*8 .726 702 .775 . 8*7

-966 -825 -807 •777 •6kk .661 .615 • 507 .570 .* 5* •*89 .*92 .505 .*91 • 52* •603 .606 .670 626 .705 .760

•955 -T75 .712 .686 •57k •629 652 •51k •532 .*32 •*39 *21 .*20 .*07 *32 • 525 • 522 . 56* 53* 627 . 67*

-965 -760 .666 .6k6 • 587 •6k3 .669 .513 •560 .*58 .*56 .kkO .*27 .*16 .*23 • 515 ■ 500 556 52* 602 .629

1 -763 -756 •736 .658 661 607 •k91 .621 • *85 *531 561 • 58* • 570 .595 .668 . 6*3 •702 .638 .671 •655

1 -912 .886 .838 •782 •699 .691 .655 .607 •579 .526 .*98 5*7 •531 • 572 . 6*3 . 72* . 7*6 .81* •891

1 •985 • 86k .772 .608 .662 •70k .621 .670 .675 ■70k •737 . 76* ■785 .8*0 .877 .871 ■ 8 9 7 ' •902

1 • 919 .853 .682 •735 •796 .726 .775 •T7* •789 .815 .825 •8*5 ■89* ■916 931 .953 •913

1 •956 .796 .832 929 . 89* -901 .875 .837 .873 .821 •829 .866 .898 953 •950 •8*5

1 •911 .900 •961 -956 •938 .876 •803 .821 -755 . 78* .811 - f i l l -902 .938 •818

1 ■959 •85k .893 .806 .686 • 588 -629 ■559 .61* .6*8 -567 .702 .775 •6*3

1 .863 .915 .837 .720 .638 -701 .6*0 .670 •725 .611 .761 •809 •6*9

1 •97* •985 • 955 .896 • 908 •Bkk .859 .861 .838 •915 •903 •70S

1 •973 90k .816 .839 .756 .768 .788 ■736 .858 .865 .*63

1 . 97* •917 -919 .859 .86* .866 .831 -916 -900 .687

1 .979 •967 •927 •923 •9°5 .891 ■ 829 879 652

1 -987 .976 • 970 •9*6 926 -929 .856 -622
1 •9e5 •975 • 967 •930 . 9*6 869 • 627

1 -992 -982 •935 -928 .8*8 .616

1 -968 .639 •932 .868 6k*

1 9*8 .958  906 .7 0 7

1 -972 925 -80k

‘ 1 -97k .833

35 -  1  -916

36 1

Table 5* T ypical c o r r e la t io n  m atrix  o f the  36 s o i l  m oisture p e rio d s
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Figure 5 . S tandard ized  v a r ia te s  of the  p r in c ip a l  components p re d ic t io n  
equation  f o r  10-day s o i l  m oisture p e rio d s  (P eriod  1 begins 
January  1)
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Figure 5» (Continued) S tandard ized  v a r ia te s  o f the  p r in c ip a l
components p re d ic t io n  eq u a tio n  fo r  10-day  s o i l  m oisture 
p e rio d s  (P eriod  1 begins January  1)
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Figure 5* (Continued) S tandard ized  v a r ia te s  o f the p r in c ip a l
components p re d ic tio n  eq u a tio n  fo r  10-day s o i l  m oisture 
p e rio d s  (P eriod  1 beg ins January  1)
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c o n tr ib u tio n  of each 10-day  s o i l  m oisture p e rio d  tow ard annual h e ig h t 

growth i s  r e f le c te d  in  the  magnitude and s ig n  of th e  s tan d a rd ized  

v a r ia te s ,

A most s t r ik in g  fe a tu re  i s  the  o s c i l l a t io n  shown by the  v a r ia te s  

around th e  zero or "n o -a s so c ia tio n '1 o rd in a te . N egative tren d s  were 

found to  occur as f re q u e n tly  and w ith  equal magnitude .as p o s itiv e  tre n d s , 

im plying a  p o ss ib le  in v erse  r e la t io n s h ip  of h e ig h t growth w ith  s o i l  

m oisture (or an unmeasured f a c to r  a s so c ia te d  w ith  s o i l  m o is tu re ) . These 

negative  tre n d s  were predom inant in  the  w in te r months im m ediately p re ­

ceding growth and in  th e  summer p e rio d s . Data from the  year p receding  

growth e x h ib ite d  n e a r ly  th e  same c h a r a c te r i s t ic s  as d a ta  from the  growth 

y ear. In  many cases the  c a lc u la te d  v a r ia te s  between successive  years 

were so s im ila r  th a t  one might su sp ec t a one-to-one correspondence 

between th e  two. I t  appears t h a t  a t  any s in g le  lo c a tio n  the  s o i l  

m oisture tren d s  are  so s im ila r  t h a t  when averaged over a p e rio d  of s e v e ra l 

y e a rs , i t  i s  im possible  to  se p a ra te  the  e f f e c ts  o f s o i l  m oisture from 

ad jacen t years on t r e e  growth.

The v a r ia t io n  in  annual h e ig h t growth ex p la in ed  by the  combined 

e f f e c t  o f the  36 , 10-day p eriods i s  shown in  Table 6 . Included in  Table 6 

a re  t e s t s  of s ig n if ic a n c e  fo r  th e  m u lt iv a r ia te  s o lu t io n  of the  p r in c ip a l  

components p re d ic tio n  equations based on the  variance  r a t i o  (F) of the 

mean square of the  eq u a tio n  to  the  r e s id u a l  mean square ( e r r o r ) .

M u ltiv a ria te  equations f o r  two of the  f iv e  s tu d y  p la n ta t io n s  (C and 

D) showed no s ig n i f ic a n t  a s s o c ia t io n  between s o i l  m oistu re  and h e ig h t 

growth f o r  e i th e r  th e  year p reced ing  growth or th e  growth year. About 

25 p e rc en t of th e  v a r ia t io n  in  h e ig h t growth was accounted  fo r  by s o i l  

m oisture in  P la n ta t io n  C, w hile on ly  10 p e rc en t was accounted fo r  in



Table 6 . C o e ffic ie n ts  of m u ltip le  de te rm ina tion  fo r  m u ltiv a r ia te  
analyses a t  th e  f iv e  study  lo c a tio n s

P la n ta t io n Year preced ing  growth Growth year
and 2 Level of .. p Level of

p a r is h R s ig n if ic a n c e R2 s ig n if ic an c e

A, Beauregard O .ltft NS 0.213 0.10P

B, A llen 0.325 O.OJP 0.211 0.05P

C, Washington . 0 . 2k7 NS 0.256 NS

D, LaSalle 0.100 NS 0.097 NS

E, C laiborne 0.629 0.00IP 0 .k 52 0.001P

NS denotes p ro b a b i l i ty  g re a te r  th an  0.20P
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P lantation  D.
>

S o il  moisture in  the growth year explained 21 percent of the v a r i­

a tio n  in  P lan tation  A. P rob ability  th a t th is  was a r ea l a sso c ia tio n  and 

not a chance occurrence was between 10 and 20 percent. E ffec ts  of the 

year prior to  growth accounted for 18 percent of the v a r ia tio n , but had 

a computed variance r a t io  of le s s  than u n ity .

In both P lan tation s B and E, s ig n if ic a n t  a sso c ia tio n s  were found 

between height growth and s o i l  moisture in  the year preceding growth 

and the growth year. At P lantation  B in  A llen  P arish , 32 and 21 percent 

of the var ia tion  was accounted for by s o i l  moisture in  the year before 

growth and the year of growth, re sp ec tiv e ly .

A nalysis o f Grouped S o i l  Moisture Periods

   M ultivariate techniques, while overcoming many of the disadvantages

inherent in  m ultiple regression  a n a ly s is , have the disadvantage of 

requiring extrem ely so p h istica ted  m athem atics'for in terp reta tion . 

Evaluation of the ind ividual contribution  of each independent variate  

i s  in f in i t e ly  more complex than te s t in g  the p a r t ia l  regression  co­

e f f ic ie n t s  for  s ig n ifica n ce  in  a normal regression  a n a ly s is . Computer 

programs are not yet ava ilab le  for computing the standard errors of the 

standardized v ar ia tes or th e ir  corresponding F or t  d is tr ib u tio n s .

I t  Was im possible, th erefore , to  judge the e f f e c t  o f eadh 10-day 

s o i l  moisture period fo r  s t a t i s t i c a l  s ig n if ic a n c e , nor would i t  be 

d esira b le , since i t  i s  doubtful that the iso la te d  moisture conditions  

in  any sin g le  period would have serious e f fe c t s  on the to ta l  height growth 

for  the en tire  year. For th is  reason, s o i l  moisture periods were grouped 

together on the b asis of th e ir  combined trends as ind icated  by p lo tt in g  

the standardized var ia tes  in  Figure 5. Contiguous periods having varia tes
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with the same algebraic sign  were grouped and an average s o i l  moisture 

le v e l  for  the new grouped period was ca lcu la ted . Grouped periods for  

each of the f iv e  study location s are shown in  Table 7-

The grouped data were analyzed by m ultivariate an a lysis using the 

average height growth of the f iv e  measurement tre e s  on each p lo t as the 

dependent v a r ia te .

Standardized v ar ia tes for the re su ltin g  component pred iction  

equation are shown in  Table 8. In the second a n a ly s is , sign reversal 

occurred in  severa l standardized v ar ia tes for  the grouped periods. 

However, sign  reversa ls were r e s tr ic te d  to  groups of 10-day s o i l  moisture 

periods which had sm all standardized var ia tes in  the i n i t i a l  an a ly sis . 

Again, the s im ila r ity  between standardized var ia tes for  corresponding 

periods in  the year prior to  growth and the growth year was str ik in g .

By grouping 10-day periods and merging the previous year’s data 

with th at of the growth year before performing the m ultivariate a n a ly sis , 

c o e ff ic ie n ts  of m ultiple determ ination were increased a t  four out of the 

f iv e  study areas (Table 9 ) . A decrease in  the c o e f f ic ie n t  of determina­

t io n  occurred when data from the preceding year was combined with th at  

of the growth year fo r  P lantation  E.

To v e r i f y  r e s u l t s  of the m u ltiv a r ia te  a n a ly s is ,  th e  d a ta  were a lso  

analyzed  by m u ltip le  re g re ss io n  tech n iq u es . R egression  analyses were 

done on the  IBM 1620 computer u sing  the IBM 6 .0 .0 0 3  m u ltip le  reg re ss io n  

program. Comparison of the  c o e f f ic ie n ts  of de te rm ina tion  fo r  the 

m u lt iv a r ia te  a n a ly s is  and the re g re s s io n  a n a ly s is  v e r i f i e s  th a t  m ultip le  

re g re s s io n  a n a ly s is  p rov ides a b e t t e r  p re d ic tio n  equation  th an  does the 

m u lt iv a r ia te  so lu tio n  (Table 9)•

An in te r e stin g  contrast o f r e su lts  of the two a n a ly tica l methods i s
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Table J.  Grouping of 10-day s o i l  moisture periods for  an a ly sis

Sign of 
standardized varia tes  

Group Periods Inclusive dates prelim inary an a lysis

Plantation A, Beauregard Parish

Year Preceding Growth

1 1 to 12 January 1 to  A p ril  30 negative
2 13 to 16 May 1 to  June 9 p o s itiv e
3 17 to 20 June 10 to  J u ly  19 negative
If 21 to 28 Ju ly  20 to  October 7 p o s itiv e
5 29 to 36 October 8 to  December 26 negative

Growth Year

6 1 to 12 January  1 to  A p ril  30 p o s itiv e
7 13 to 16 May 1 to  June 9 p o s itiv e
8 17 to 23 June 10 to  August 18 negative
9 2lf to 25 August 19 to  September 7 p o s itiv e

LO 26 to 36 September 8 t o  December 26 negative

P la n ta t io n  B, A llen  P a r ish

Year P reced ing  Growth

1 1 to 12 January  1 to  A p ril  30 negative
2 13 to 16 May 1 to  June 9 p o s itiv e
3 17 to 23 June 10 to  August 18 negative
If 2lf to 32 August 19 to  November l 6 p o s itiv e
5 33 to 36 November 17 to  December 26 negative

Growth Year

6 1 to  13 January 1 to  A pril 30 negative
7 Ilf to  17 May 1 to  June 19 p o sitiv e
8 18 to  2lf June 20 to  August 28 negative
9 25 to  29 August 29 to  October 17 p o s itiv e

10 30 to  32 October 18 to  November 16 negative
11 33 to  36 November 17 to  December 26 p o sitiv e

Plantation C, Washington Parish

Year Preceding Growth

1 1 to  5 January 1 to  February 19 p o s itiv e
2 6 to  10 February 20 to  A pril 10 negative
3 11 to  18 A pril 11 to  June 29 p o s itiv e
if 19 to  2lf June 30 to  August 28 negative
5 25 to  28 August 29 to  October 7 p o s itiv e
6 29 to  36 October 8 to  December 26 negative
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Table 7 . (Continued) Grouping of 10-day s o i l  m oisture p e rio d s  fo r  
a n a ly s is

S ign of 
s tan d ard ized  v a r ia te s  

Group P eriods In c lu s iv e  d a te s  p re lim in a ry  a n a ly s is

Growth Year

7 1 t o  16 January  1 to  June 9 negative
8 17 to  22 June 10 to  August 8 p o s it iv e
9 23 to  26 August 9 to  September 17 negative

10 27 to  33 September 18 to  November 26 p o s it iv e
11 31*- to  36 November 27 to  December 26 negative

P la n ta t io n  D, LaSalle P a r ish

Year Preceding Growth

l 1 to  12 January  1 to  March 30 p o s itiv e
2 13 to  15 A p ril  1 to  May 30 negative
3 16 to  26 May 31 to  September 17 p o s itiv e
1+ 27 to  36 September 18 to  December 26 negative

Growth Year

5 1 to  13 January  1 to  May 10 p o s it iv e
6 Ik to  16 May 11 to  June 19 negative
7 17 to  22 June 20 to  August 8 p o s itiv e
8 23 to  36 August 9 "to December 26 negative

P la n ta t io n  E, C laiborne P a rish

Year P receding  Growth

1 1 to  13 January  1 to  May 10 p o s itiv e
2 1^ to  15 May 11 to  May 30 negative
3 16 to  19 May 31 to  Ju ly  9. p o s it iv e
k 20 to  21 Ju ly  10 to  Ju ly  29 negative
5 22 to  23 Ju ly  30 to  August 18 p o s it iv e
6 2k to  30 August 19 to  October 27 negative
7 31 to  36 October 28 to  December 26 p o s it iv e

Growth Year

8 1 to  Ik January  1 to  May 20 p o s it iv e
9 15 to  17 May 21 to  June 19 negative

10 18 to  23 June 20 to  August 18 p o s itiv e
11 2k to  25 August 19 to  September 7 ne gative
12 26 to  28 September 8 to  October 7 p o s it iv e
13 29 to  36 October 8 to  December 26 negative
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Table 8 . Standardized v ar ia tes of p r in c ip a l components p red iction  
equation for  grouped s o i l  moisture periods

Group In clu sive dates Standardized varia tes

P la n ta tio n  A, Beauregard P a r ish  

Year Preceding Growth

1 January  1 to  A p ril 30 -0 .038
2 May 1 to  June 9 .600
3 June 10 to  J u ly  19 -  .315
1+ Ju ly  20 to  October 7 .338
5 October 8 to  December 26 .072

Growth Year

6 January  1 to  A p ril 30 -0 .022
7 May 1 to  June 9 .ij-01
8 June 10 to  August 18 -  .118
9 August 19 to  September 7 .151

10 September 8 to  December 26 -  .373

P la n ta tio n  B, A llen  P a rish

Year Preceding Growth

1 January  1 to  A p ril  30 0.025
2 May 1 to  June 9 *895
3 June 10 to  August 18 -  .917

August 19 to  November 16 .916
5 November 17 to  December 26 -  .k22

Growth Year

6 ' January  1 to  A p ril 30 -0 .359
7 May 1 to  June 19 .282
8 June 20 to  August 28 -1.180
9 August 29 to  October 17 -^80

10 October 18 to  November 16 -  ,b2k
11 November 17 to  December 26 .539

P la n ta tio n  C, Washington P a rish  

Year Preceding Growth

1 January  1 to  February  19 - O . l ^
2 February  20 to  A p ril  10 -  .17^
3 A p ril 11 to  June 29 -  . 06^
k June 30 to  August 28 -  .378
5 August 29 to  October 7 .032
6 October 8 to  December 26 -  .138
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Table 8 . (Continued) S tandard ized  v a r ia te s  of p r in c ip a l  components 
p re d ic tio n  eq u a tio n  fo r  grouped s o i l  m oisture periods

Growth Year

7 January  1 to  June 9 -0 .012
8 Ju n e .10 to  August 8 .193
9 August 9 t o  September 17 -  .052

10 September 18 to  November 26 . 550
11 November 27 to  December 26 .071

P la n ta tio n  D_, L aSalle P a r ish  

Year P receding  Growth

1 January 1 to  March 30 0 .2 llf
2 A p ril  1 to  May 30 -  .310
3 May 31 to  September 17 .399
k September 18 to  December 26 -  .193

Growth Year

5 January  1 to  May 10 0.350
6 May 11 to  June 19 -  . 36^
7 June 20 to  August 8 -  .199
8 August 9 to  December 26 .036

P la n ta t io n  E, C laiborne P a rish  

Year P receding Growth

1 January  1 to  May 10 -0 .353
2 May 11 to  May 30 -  .036
3 May 31 to  J u ly  9 .838
If Ju ly  10 to  J u ly  29 -  .576
5 Ju ly  30 to  August 18 .^ I f
6 August 19 to  October 27 -  .210
7 October 28 to  December 26 -  .265

Growth Year

8 January  1 to  May 20 -0.2lf9
9 May 21 to  June 19 .133

10 June 20 to  August 18 . 3 ^
11 August 19 to  September 7 -  -226
12 September 8 to  October 7 *766
13 October 8 to  December 26 - .352
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Table 9. C o e ffic ie n ts  of m u ltip le  de te rm ina tion  (R ) a s so c ia te d  w ith  
m u ltiv a r ia te  a n a ly s is  and m u ltip le  re g re s s io n  a n a ly s is  
o f grouped s o i l  m oisture p e rio d s

P la n ta t io n
and

p a r is h

A, Beauregard

B, A llen

C, Washington

D, L aSalle

E, C laiborne

M u ltiv a ria te  a n a ly s is  
^ Level o f

s ig n if ic a n c e

M ultip le  re g re ss io n  a n a ly s is  
Level of

IT

0 .6 l 6

0.323

0.467

0.222

0.506

0.001P

0.120P

0.157?

0.250P

0.026P

R_

0.660

0 . 1+12

0.512

0.261

0.759

s ig n if ic an c e

0.001P

0.031P

0 . 152P

0.232P

0.001P
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shown in  Table 10. S tandard ized  v a r i a te s , a f t e r  tran sfo rm a tio n  back to  

t h e i r  o r ig in a l  dimensions and u n i ts ,  should have approxim ately  the  same 

magnitude and s ig n  as t h e i r  p a r t i a l  re g re ss io n  c o e f f ic ie n t  co u n te rp a rts  

i f  in te r c o r r e la t io n  is  a b sen t. I t  i s  notew orthy th a t  these  param eters 

d i f f e r  g re a t ly  in  th is  s tu d y  and th a t  a lg e b ra ic  signs of the  re g re ss io n  

c o e f f ic ie n ts  are  o ften  th e  rev e rse  of the  v a r ia te s .

R esu lts  from the  grouped a n a ly s is  may be summarized as fo llo w s: 

P la n ta t io n  A, Beauregard P a rish  —  A sso c ia tio n  between s o i l  m oisture 

and h e ig h t growth was s tro n g  a t  t h i s  lo c a tio n , accounting  fo r  approxim ately  

tw o -th ird s  o f the  v a r ia t io n  p re se n t. Odds are b e t t e r  than  1,000 to  1 

t h a t  a r e a l  a s so c ia t io n  between growth and s o i l  m oisture e x is ts  and th a t  

i t  was no t ju s t  a  random occurrence. No p a r t ic u la r  s o i l  m oisture p e rio d  

seemed to  s tan d  out from th e  o th ers  as be ing  in f lu e n t i a l  in  determ ining  

annual h e ig h t increm ent. S o il  m oisture in  May (May 1 to  June 9) d id , 

however, have a s tro n g e r p o s itiv e  in flu en ce  in  bo th  th e  year p reced ing  

growth and the  growth y ear. Both e x h ib ite d  about th e  same s tre n g th  of 

a s s o c ia t io n . I t  seemed f u t i l e  to  a ttem p t to  sep ara te  the  e f f e c ts  of 

th e se  two p e rio d s . Negative e f f e c t s ,  though s l ig h t ,  were observed fo r  

th e  la te  w in te r months, January  through A p ril;  and mid-summer, June 

th rough  August.

P la n ta t io n  B, A llen  P a r ish  —  The combined e f f e c t  o f s o i l  m oisture was 

re sp o n s ib le  fo r  about o n e -th ird  of the  v a r ia t io n  in  annual h e ig h t growth. 

There was a  p ro b a b il i ty  of 88 p e rcen t t h a t  a r e a l  a s s o c ia t io n  e x is t s .

The p e rio d  of June 10 to  August 18 of the  year p reced ing  growth had a 

r e l a t i v e ly  s tro n g  inverse  e f f e c t  on growth while August 19 to  November 16 

had an e q u a lly  s tro n g  p o s it iv e  in f lu e n c e . The same June to  August p e rio d  

o f the  growth year showed s im ila r  tre n d s .



Table 10. P a r t i a l  re g re s s io n  c o e f f ic ie n ts  and comparable transfo rm ed  
v a r ia te s  from a n a ly s is  o f grouped s o i l  m oisture p e rio d s

V aria tes  in  P a r t i a l  re g re s s io n

P la n ta tio n  A, Beauregard P a r ish  
Year P receding  Growth

1 January 1 to  A p ril  30 -O.OO69 - I .6298
2 May 1 to  June 9 .IO65 .1725
3 June 10 to  J u ly  19 -  .06*42 .U-3J2
1* Ju ly  20 to  October 7 .0575 .0927
5 October 8 t o  December 26 .0128 -  .2737

Growth Year

6 January 1 to  A p ril 30 -0 .0039 0.8802
7 May 1 to  June 9 .0720 .137^
8 June 10 to  August 18 -  .0214-1 .14-972
9 August 19 to  September 7 .0228 .1589

10 September 8 t o  December 26 -  .0629 -  .2375
In te rc e p t  Term (b0) 3.3970 *4.555*4-

P la n ta t io n  B, A llen  P a rish  
Year Preceding  Growth

1 January  1 to  A p ril  30 0.0027 O.367I
2 May 1 to  June 9 .0978 .0719
3 June 10 to  August 18 -  .1073 - .1238
14- August 19 to  November 16 .1226 . 31*4-6
5 November 17 to  December 26 -  .0501 .0765

Growth Year

6 January 1 to  A p ril  30 -O.O383 -0.2314-9
7 May 1 to  June 19 .0308 -  .6028
8 June 20 to  August 28 -  .1325 -  . 1014-2
9 August 29 to  October 17 .0569 .0837

10 October 18 to  November 16 -  .0147**- .0I430
11 November 17 to  December 26 i06l0 . i 960
In te rc e p t  Term (bQ) 3*6178 3.0906

P la n ta tio n  C, Washington P a rish  
Year P receding  Growth

1 January 1 to  February 19 -O .0I4II4 -0.1795
2 February 20 to  A p ril  10 -  .01485 .7867
3 A p ril 11 to  June 29 -  *0182 -  . 206I4
I4 June 30 to  August 28 -  .08I48 .7877
5 August 29 t o  October 7 .0093 -  .*4377
6 October 8 to  December 26 -  .0316 .2016



68

Table 10. (Continued) P a r t i a l  re g re s s io n  c o e f f ic ie n ts  and comparable 
transform ed v a r ia te s  from  a n a ly s is  of grouped s o i l  m oisture 
periods

V aria tes  in  P a r t i a l  re g re ss io n  
Group In c lu s iv e  Dates o r ig in a l  u n i ts  c o e f f ic ie n ts_____

Growth Year

7 January 1 to  June 9 -0.0033 0.2908
8 June 10 to  August 8 .0lf36 .30lf0
9 August 9 "to September' 17 -  .0123 -  .llifif

10 September 18 to  November 26 .l l lf6 .6815
l l November 27 to  December 26 .0182 -  .2752
In te rc e p t Term (b0) if. 2725 3.3952

P la n ta tio n  D, L aSalle P a rish
Year Preceding Growth

1 January 1 to  March 30 0.0696 - 0.5533
2 A p ril 1 to  May 30 -  .0886 . 10if0
3 May 31 to  September 17 .1255 . 209lf
If September 18 to  December 26 -  .0661 -  .1652

Growth Year

5 January 1 to  May 10 o.nif9 O.5889
6 May 11 to  June 19 -  .1100 -  .0996
7 June 20 to  August 8 -  .0603 -  .0200
8 August 9 to  December 26 .0121 -  .o6ifl

In te rc e p t  Term (b0) 3.7253 3 . 963^

P la n ta tio n  E, C laiborne P a rish  
Year Preceding Growth

1 January  1 to  May 10 - 0 . 12if9 -O .6869
2 May 11 to  May 30 -  .0120 .1227
3 May 31 to  Ju ly  9 .3738 . .159^
if Ju ly  10 to  Ju ly  29 -  . 292if - 1.1270
5 Ju ly  30 to  August 18 .2686 .77^3
6 August 19 to  October 27 -  .1320 .2if55
7 October 28 to  December 26 -  .1108 -  .9690

Growth Year

8 January  1 to  May 20 -0.0873 0.8238
9 May 21 to  June 19 .05lif - .1585

10 June 20 to  August 18 .1682 .1062
11 August 19 t o  September 7 -  .1300 .0809
12 September 8 to  October 7 .3 ^ 0 .1606
13 October 8 to  December 26 -  .1569 .7992
In te rc e p t  Term (b0) if. 2080 3.8818
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P la n ta t io n  C, Washington P a r ish  —  H alf of th e  v a r ia t io n  in  h e ig h t growth 

was accounted f o r  by th e  combined e f f e c t s  of s o i l  m o is tu re , and th e  chances 

a re  8^ out of 100 th a t  th e re  i s  a  r e a l  a s s o c ia t io n  between growth and 

s o i l  m o istu re . At t h i s  lo c a tio n  p r a c t ic a l ly  th e  e n t i r e  year p reced ing

growth showed a weak negative  r e la t io n s h ip .  The p e rio d  June 30 to

August 28 showed the  s tro n g e s t negative  tre n d . In  th e  growth y e a r, the  

g re a te s t  p o s it iv e  e f f e c t  was shown f o r  the  p e rio d  September 18 to  November 26 

P la n ta t io n  D, LaSalle P a r ish  —  P ro b a b i l i ty  t h a t  a r e a l  a s s o c ia t io n  

e x is ts  between s o i l  m oisture and h e ig h t growth a t  t h i s  lo c a tio n  i s  75

p e rc en t; however, on ly  22 p e rcen t o f th e  v a r ia t io n  in  h e ig h t growth was
/

accounted fo r  by the  s o i l  m oisture v a r ia b le s .  The p e rio d  of June through 

September (May 31 to  September 17) of th e  year p reced ing  growth had a 

m oderately  s tro n g  d i r e c t  e f f e c t  oh h e ig h t growth. E a r ly  p a r t  o f the  

growth year (January  1 to  May 10) a ls o  in flu en ced  h e ig h t growth in  a 

p o s i t iv e  manner w hile m oisture co n d itio n s in  May and June (May 11 to

June 19) had an e q u a lly  s tro n g  negative  e f f e c t .

P la n ta t io n  E , C laiborne P a r is h  - — Over 50 p e rc en t of th e  v a r ia t io n  in  

h e ig h t growth was accounted fo r  by th e  s o i l  m oisture  v a r ia b le s  a t  t h i s  

lo c a tio n . These r e s u l t s  were s t a t i s t i c a l l y  s ig n i f ic a n t  a t  the  2 .5  p e rcen t 

l e v e l  of p ro b a b il i ty .  P a r t ic u la r ly  s tro n g  p o s it iv e  e f f e c ts  were no ted  f o r  

June (May 31 to  Ju ly  9) o f th e  year p reced ing  growth bu t t h i s  was 

fo llow ed  by an inverse  e f f e c t  in  J u ly  (Ju ly  10 to  Ju ly  29 ). August o f 

th e  p reced ing  y ear, ( Ju ly  30 to  August 18) a ls o  showed a p o s it iv e  

r e la t io n s h ip  w ith  growth. Strong e f f e c ts  o f s o i l  m oisture  in  th e  

growth year were no t ev id en t u n t i l  June through  August (June 20 to  

August 18). During t h i s  p e rio d  s o i l  m oisture a f fe c te d  t r e e  growth in  a 

p o s i t iv e  manner, A r a th e r  stro n g  d i r e c t  a s s o c ia t io n  was in d ic a te d  fo r  

th e  September to  October p e rio d  (September 8 to  October 7) o f th e  growth 

y e a r .



DISCUSSION

Other environm ental f a c to r s  most a ssu re d ly  a f f e c t  t r e e  growth as 

much, i f  no t more, th an  the  s in g le  f a c to r ,  s o i l  m o is tu re , exp lo red  in  

t h i s  experim ent. U n fo rtu n a te ly  the re sea rch e r must r e s t r i c t  h is  or her 

a t te n t io n  to  one or two v a r ia b le s  because of the  com plexity of th e  

in te ra c t io n s  involved . Only under th e  most e la b o ra te ly  c o n tro lle d  

cond itions can one expect to  derive  experim ental d a ta  of s u f f ic ie n t  

p re c is io n  to  describe  th ese  r e la t io n s h ip s  adequa te ly . I t  should be 

recognized  t h a t  in  t h i s  stu dy  th e  v a r ia b le s  used as a b a s is  fo r  deducing 

th e  e f f e c t  of s o i l  m oisture on h e ig h t growth were continuous and random 

ra th e r  th an  being  d is c r e te ly  se le c te d  as th ey  would be in  a  c o n tro lle d  

experim ent; and th e re fo re ,  a re  su b je c t to  a l l  o f the  weaknesses in h e re n t 

in  th e  random sam pling approach.

Importance of the  seasonal growth p a tte rn s  o f t r e e  sp ec ies  in  

r e la t io n s h ip  w ith  environm ental f a c to r s  was m entioned in  the  l i t e r a t u r e  

review . The m u lti-n o d a l c h a r a c te r i s t ic s  of sou thern  p in es make them 

r e a c t  much d i f f e r e n t ly  to  e x te rn a l  s t im u li th an  t h e i r  n o rth e rn  co u sin s .

For in s ta n c e , many re se a rc h e rs  have observed th a t  e a s te rn  w hite p in e , 

a  n o rth ern  sp e c ie s , p u ts  on about 90 p e rc en t o f i t s  annual le a d e r  growth 

in  30 days and th a t  th e  t o t a l  growth p e rio d  spans only tw ice t h a t  long . 

I n tu i t iv e ly  one might expect t h a t  r a i n f a l l ,  tem p era tu re , and o th e r env iron­

m ental f a c to r s  occu rring  a f t e r  t h i s  e a r ly  c e s s a tio n  of growth w i l l  have 

l i t t l e  e f f e c t  on th e  h e ig h t growth of t h a t  y e a r . Southern p in e s , on 

th e  o th er hand, have been shown to  continue le a d e r  e lo n g a tio n  w e ll in to
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th e  f a l l .  These sp ec ies  most a ssu re d ly  are  in flu en ced  by th e  e n t i r e  

spectrum  of w eather in  th e  growing season . Because of t h i s  i t  i s  expected  

th a t  th e  re la t io n s h ip  between c lim a tic  f a c to r s  and h e ig h t growth i s  more 

complex in  the  sou thern  p ines th an  in  n o rth e rn  c o n ife rs .

Temperature i s  an im portan t f a c to r  in  t r e e  growth because of i t s  

in flu en ce  on p h y s io lo g ic a l p rocesses l ik e  p h o to sy n th es is , r e s p i r a t io n ,  

enzym atic a c t iv i ty ,a n d  t r a n s p ir a t io n .  Many of th ese  p rocesses r e a c t  

accord ing  to  Van*t Hoff*s p r in c ip le .  T heir a c t i v i t y  i s  d i r e c t ly  propor­

t io n a l  to  tem pera tu re , b u t when a  c r i t i c a l l y  h igh  th re sh o ld  tem perature 

i s  reached , a c t i v i t y  d e c lin e s  sh a rp ly . Because of th e  m oderating e f f e c t  

o f p r e c ip i ta t io n  on tem perature  and tem perature*s c o ro lla ry  e f f e c t  on 

t r a n s p ir a t io n  and w ater u se , the  two f a c to r s  a re  c o r re la te d  and have a 

profound combined e f f e c t  on p la n t  growth.

L ight a ffe c ts  t r e e  growth through i t s  q u a l i ty ,  in te n s i ty ,  d u ra tio n , 

and p e r io d ic i ty .  Q u a lity  of l i g h t ,  or w avelength, v a r ie s  l i t t l e  under 

n a tu ra l  cond itions and i s  p robably  of no p h y s io lo g ic a l importance as a 

growth f a c to r  in  t h i s  s tudy .

Pho toperiod , or seaso n al d if fe re n c e s  in  le n g th  o f d a y lig h t , a re  

im portan t when comparing growth d a ta  from w idely  s c a t te re d  p o in ts .  W ithin 

t h i s  s tu d y , however, th e  range in  daylength  from the most n o rth e rn  lo c a tio n  

to  th e  extreme southern  was only  10.2  to  10.1  hours fo r  the  s h o r te s t  day 

of th e  year and I k . 2 to  lh .O  hours fo r  the  lo n g e s t day (Thornthwaite and 

M ather, 1957)*

Most l ig h t  f a c to r s  were p robab ly  uniform  a t  a l l  study  lo c a tio n s .

One might expect v a r ia t io n  in  l ig h t  in te n s i ty  caused by cloud cover, so 

an apparen t in te r a c t io n  e x is ts  between incidence of r a i n f a l l  and amount 

and in te n s i ty  of r a d ia t io n  reach in g  th e  ground.



E x te rn a l f a c to r s  a re  n o t th e  only  fo rc e s  in flu e n c in g  p la n t  growth. 

When we d iscu ss  the  e f f e c t  o f s o i l  m oisture during  a c e r ta in  p e rio d  on 

th e  h e ig h t growth of t r e e s ;  we a re  r e f e r r in g  to  an average e f f e c t  which 

i s  dependent on th e  re a c t io n  o f a  group o f s in g le  t r e e s ,  each responding 

d i f f e r e n t ly  to  e x te rn a l  s t im u li  accord ing  to  i t s  s ta te  o f growth or 

dormancy. This i s  one o f the  m ajor u n c o n tro lla b le  f a c to r s  c o n tr ib u tin g  

to  the  in h e re n t e r ro r  of a study of t h i s  ty p e .

From d a ta  o f t h i s  study  th e re  i s  evidence th a t  t r e e s  a t  the  f iv e  

p la n ta t io n s  d id  no t respond un ifo rm ly  to  changes in  s o i l  m o istu re .

L i t t l e  agreement was no ted  fo r  s o i l  m oisture e f f e c ts  between any given 

p e rio d  of time from study  a re a  to  study  a re a .

The p o p u la tio n  from which the  h e ig h t growth measurements were taken 

was q u ite  uniform  a t  a l l  lo c a tio n s . Mean annual growth fo r  the  s ix -y e a r  

p e rio d  of study  ranged from U. 17 f e e t  a t  P la n ta t io n  A, Beauregard P a rish  

to  3.55 f e e t  a t  P la n ta tio n  B, A llen  P a r ish . S tandard  e r ro r  of the  mean 

was c lose  to  0 .07  f e e t  a t  a l l  lo c a tio n s  and s tandard  d e v ia tio n s  were 

grouped between ± O.it-2 and ± 0 .5 ^  f e e t .  This means t h a t  99 p e rcen t of 

th e  annual h e ig h t growth a t  th ese  lo c a tio n s  was w ith in  a range of le s s  

th an  th re e  f e e t ;  l . k  f e e t  on each s ide  o f the  mean. O ther in v e s tig a to rs  

have rep o rte d  s im ila r  r e s u l t s  where s la s h  pine showed rem arkable u n i­

fo rm ity  in  growth. An e a r ly  study  of growth and su rv iv a l o f p lan ted  

s la s h  pine in  L ouisiana rev e a le d  l i t t l e  v a r ia t io n  in  h e ig h t o f seed lin g s 

p lan ted  a t  d i f f e r e n t  topographic  p o s it io n s  (Hayes and Wakeley, 1926)• 

F o u r-y ear-o ld  s la s h  p ine seed lin g s  grown on f l a t  a re a s , and seed lings 

grown on slopes bo th  averaged about 35-5 inches. S tandard e r ro r  o f the 

mean was 0 .07- in c h  fo r  th e  seed lin g s on th e  f l a t ,  and 0 . 06- in ch  fo r  

those  p la n te d  on the  s lo p e .
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S herry  (19^7) found th a t  the  average h e ig h ts  f o r  a  9 -y ea r-o ld  s la sh  

p ine provenance t e s t  in  A fr ic a  were between 35*5 and 38.1 f e e t .  The 

p la n ta t io n s  were lo c a te d  between la t i tu d e s  25°S and 31°S, and a t  e le v a ­

t io n s  between 150 f e e t  and 3,000 f e e t  above sea  le v e l .  P la n tin g  stock  

o f L ib e rty  County, F lo r id a  d if f e r e d  only  l . i f  f e e t  in  h e ig h t between the  

fo u r a re a s , w hile t r e e s  from Osceola N a tio n a l F o re s t in  F lo r id a  v a rie d  

most in  h e ig h t— 5.3 f e e t .  S herry  n o ted  th a t  s la s h  pine showed le s s  

v a r ia t io n  in  h e ig h t growth th an  d id  lo b lo l ly  p in e . The average h e ig h t 

d iffe re n c e  fo r  th e  s la s h  pine from th e  s ix  provenances grown a t  the fo u r 

lo c a tio n s  was 3 .7  f e e t ;  f o r  lo b lo l ly  p ine th e  average was 9.8  f e e t .

Dorman (1952) s ta te d  th a t  s la s h  pine showed r a th e r  uniform  growth 

in  t e s t s  made w ith  seed from d i f f e r e n t  provenances. He observed th a t  

th e  range of s la s h  pine i s  more l im ite d  than  the  o th e r  major sou thern  

p in es j t h i s  perhaps accounts fo r  the  uniform  growth of the  provenance 

t e s t s .

A seed  source growth stu d y  in  Georgia and F lo r id a  rev e a le d  l i t t l e  

v a r ia t io n  of h e ig h t growth of s la s h  p ine w ith in  an in d iv id u a l c lim a tic  

zone (S q u illace  and Kraus, 1959) • Mean t o t a l  h e ig h t o f if-year^old  t r e e s  

from f iv e  seed sources averaged 2 .2  t o  3 .9  f e e t  between c lim a tic  zones; 

however, th e  c o e f f ic ie n ts  of v a r ia t io n  fo r  th ese  means only  ranged from 

3 .5  p e rcen t to  7-5  p e rc en t. Wakeley (19&1) a ls o  observed th a t  s la s h  

pine seed source t e s t s  showed le s s  r a c i a l  v a r ia t io n  in  h e ig h t growth 

during  th e  f i r s t  f iv e  years th an  th e  o th er th re e  sp ec ie s  of southern  

p in es .

S la sh  pine i s  norm ally regarded  as a homogenous sp ec ie s  th a t  grows 

uniform ly w e ll u n less  p la n te d  on d i s t i n c t ly  u n su itab le  s i t e s  or in  

adverse c lim a te s . The r e s u l t s  of t h i s  study  and th e  s tu d ie s  mentioned
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above seem to  support t h i s  th eo ry .

When v a r ia t io n  in  sample d a ta  i s  as sm all a s i t  was in  t h i s  s tu d y , 

i t  i s  u n l ik e ly  t h a t  s tro n g  a s so c ia t io n s  w i l l  show up in  s t a t i s t i c a l  

a n a ly s is .  Simply s ta te d ,  th e re  must be v a r ia t io n  to  be ab le  to  account 

fo r  v a r ia t io n .

An in te r e s t in g  fe a tu re  of th e  s o i l  m oisture d a ta  fo r  the  p e rio d  of 

study  was t h a t  in  1959 s o i l  m oisture was r e l a t i v e ly  h igh  a t  a l l  lo c a tio n s  

and m oisture s t r e s s  rem ained low throughout the  growth y ear. P la n ta tio n s  

B, D, and E showed h ig h e s t s o i l  m oisture  s t r e s s  in  195^-J w hile P la n ta t io n  

C had i t s  d r i e s t  year in  195% a^d P la n ta t io n  A in  1956.

This stu d y  spanned a  p e rio d  of tim e in  which th e re  was a  wide range 

in  t o t a l  annual r a i n f a l l  a t  a l l  of the  p la n ta t io n s  (Appendix D ). Annual 

r a i n f a l l  ranged between ± 22 p e rcen t based on th e  6-y ea r  means a t  P lan ­

ta t io n s  A, B, and D. P la n ta t io n  C ranged between ± 33 percen t, and 

P la n ta t io n  E ± ^2 p e rc e n t. From th e  s tan d p o in t of study ing  e f f e c ts  of 

s o i l  m oisture on t r e e  growth, th e  s i tu a t io n  was fa v o ra b le . C lim atic  

c o n tra s t  was g re a t du ring  the  study  p e rio d , y e t even t h i s  c o n tra s t  f a i l e d  

to  show a w e ll-d e fin e d  d iffe re n c e  in  h e ig h t growth.

The inverse  r e la t io n s h ip s  between s o i l  m oisture  and h e ig h t growth

during  c e r ta in  p e rio d s  a re ,  a t  f i r s t - g la n c e ,  a e s th e t ic a l ly  o ffen siv e  and

in tu i t iv e ly  anomalous. I t  i s  e a s i ly  understood how s l ig h t  v a r ia t io n s  in

s o i l  m oisture  could have l i t t l e  o r no e f f e c t  on t r e e  growth (zero

s ta n d a rd ize d  v a r ia te ) ,b u t  to  r a t io n a l iz e  a s tro n g  negative  a s s o c ia tio n

one must look c lo s e r  a t  environm ental in te r a c t io n s .
*

Incidences of inverse  r e la t io n s h ip s  between r a i n f a l l  and growth have 

been re p o r te d  by o th e rs . Glock and A gerte r (19^2) observed as much as 

k6 p e rcen t occurrence of growth re v e r s a ls  between r a i n f a l l  and d iam eter



growth in  w estern  sp e c ie s . In sp e c tio n  of Reed*s (1939) d a ta  showed 

tendency toward inverse  tre n d s  between p e rio d ic  h e ig h t growth o f lo b lo l ly  

and s h o r t le a f  p in e , arid p e rio d ic  r a i n f a l l .  S t a t i s t i c a l  a n a ly s is  of the  

d a ta  rev ea led  a p o s it iv e  re la t io n s h ip  between growth and a measure of 

tem pera tu re , bu t no s ig n i f ic a n t  a s so c ia t io n  w ith  r a i n f a l l .  Jackson 

(1962) found a b e n e f ic ia l  e f f e c t  of in c re a s in g  annual r a i n f a l l  on h e ig h t 

increm ent of s la sh  p in e ; however, th e  e f f e c t  o f growing-season r a i n f a l l  

(March through August) had a nega tive  e f f e c t .  His a n a ly s is  in d ic a te d  

th a t  i f  annual p re c ip i ta t io n  i s  50 inches, an in c rease  in  th e  growing- 

season r a i n f a l l  g e n e ra lly  r e s u l t s  in  decreased  h e ig h t increm ent. The
V

r e s u l t s  of t h i s  study  ten d  to  support Jackson*s fin d in g s  s ince  6 -y ea r 

average r a i n f a l l  was in  excess o f 50 inches a t  every  p la n ta t io n , and 

negative  e f f e c ts  appear f re q u e n tly  during  th e  growing season, pe riods 

7 through 2k (Figure 5 ).

Inverse  growth r e la t io n s h ip s  can be caused by c re a tio n  o f l im itin g  

f a c to r s  a s so c ia te d  w ith  r a i n f a l l  occurrence. F ra se r (1958) observed th a t  

wet summers are  u su a lly  a s so c ia te d  w ith  lower tem peratures and le s s  sun­

sh in e . Burger (1926) s ta te d  t h a t  heavy p r e c ip i ta t io n  g e n e ra lly  r e s u l t s  

in  a tem perature red u c tio n . C ursory exam ination of the  p r e c ip i ta t io n  

and tem perature reco rds of th e  study  p la n ta t io n s  ten d  to  support Burger*s 

observation  (Appendix D); however, sm all f lu c tu a t io n s  in  p re c ip i ta t io n  

seem to  have l i t t l e  e f f e c t  on tem pera tu re .

R a in fa l l ,  a long w ith  c loud  cover, has a tendency to  modify day 

tem pera tu res so th a t  d iffe re n c e s  between day and n ig h t tem pera tu res are  

m inimized. Kramer*s work showed th a t  by reducing  day -n igh t tem perature 

d i f f e r e n t i a l  even a sm all amount, shoot growth of lo b lo l ly  p ines was 

reduced. In  a d d itio n , red u c tio n  in  day tem perature reduces the



p h y s io lo g ic a l tem perature  index Reed found so im portan t in  determ ining  

shoot growth of bo th  s h o r t le a f  and lo b lo l ly  p in e . I t  may w e ll be th a t  

the  negative  growth r e la t io n s h ip s  observed in  t h i s  s tu d y  a re  r e la te d  to  

s o i l  m oisture only in d i r e c t ly  a s  p re c ip i ta t io n  a f f e c ts  tem pera tu re . Such 

concom itant e f f e c ts  a re  d i f f i c u l t  to  sep ara te  from th e  in flu en ce  of 

m o is tu re .

A ttem pting to  e x p la in  the  occurrence o f diam eter growth re v e rs a ls  

in  w estern  sp e c ie s , Glock and A gerte r (1962) im plied t h a t  r a i n f a l l  or 

s o i l  m oisture could  a c t  as a l im itin g  f a c to r  when d e f ic ie n t  or in  excess. 

Optimal range of - s o i l  m oisture i s  dependent on bo th  w ater to le ra n c e  of 

the  sp ec ie s  and s o i l  m oisture c h a r a c te r i s t ic s  of the  s i t e .  In  a ttem p ting  

to  r a t io n a l iz e  th e  ap p aren t c o n f l ic t  between the  b e n e f ic ia l  e f f e c ts  of 

in c re a s in g  annual p r e c ip i ta t io n  and the  adverse e f f e c ts  o f in c re a s in g  

grow ing-season r a i n f a l l  on h e ig h t growth of s la sh  p in e , Jackson (1962) 

a tta c h e d  co nsiderab le  importance to  th e  amount of a v a ila b le  m oisture 

s to re d  in  th e  s o i l  p r io r  to  th e  season of a c tiv e  growth. This would be 

a v a ila b le  as soon as growth s t a r te d  in  th e  sp rin g , and he p o s tu la te d  th a t  

a d d it io n a l  r a i n f a l l  du ring  t h i s  p e rio d  of most a c tiv e  h e ig h t growth 

( i . e . March through May) would, r e s u l t  in  dep ressive  e f f e c ts  due to  

reduced s o i l  a e ra t io n , r a th e r  than  produce a d d it io n a l  growth as a 

m o is tu re -resp o n se . Adverse e f f e c t s  o f excess s o i l  m oistu re  on growth of 

woody p la n ts  a re  w e ll documented in  th e  l i t e r a t u r e .  Drainage can be a 

growth f a c to r  on Flatwoods s o i l s  s im ila r  to  some sampled in  P la n ta tio n s  

A and B o f t h i s  s tudy . Under co n d itio n s  o f poor in te r n a l  d rainge  one 

m ight expect poor a e ra t io n  and carbon d ioxide accum ulation to  reduce 

ro o t and shoot growth and I n te r f e re  w ith  p la n t  n u t r i t io n ,  i f  the  s o i l  

rem ains s a tu ra te d  fo r  extended p e rio d s  o f tim e. I t  i s  d i f f i c u l t ,  however,
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to  imagine w e ll-d ra in e d  C o asta l P la in  s o i l s  such as those encountered 

in  P la n ta t io n  E of ever rem aining s a tu ra te d  long enough to  reduce growth.

While th e re  i s  l i t t l e  doubt th a t  m oisture i s  an im portant f a c to r  o f 

h e ig h t growth o f s la sh  pine in  L ou isiana, no c le a rc u t  re la t io n s h ip s  

between s o i l  m oisture v a r ia t io n  w ith in  a given p e rio d  and v a r ia t io n  in  

annual h e ig h t increm ent were d e te c te d  w ith  the  a n a ly t ic a l  approach used.

P o ssib le  reasons fo r  t h i s  apparen t lack  of a s s o c ia tio n  a re  s e v e ra l. 

F i r s t ,  i t  i s  d o u b tfu l th a t  any s in g le  sh o rt-te rm  p e rio d  i s  ve ry  in f lu e n t ia l  

in  determ in ing  growth, r a th e r  i t  i s  a combined e f f e c t  of many of these  

periods w ith in  th e  growth year and probably  th e  year preced ing  growth. 

Second, e m p iric a l techn iques used in  re c o n s tru c tin g  the s o i l  m oisture 

regim es were su b je c t to  la rg e  experim en tal e r r o r s .  Among these  e r ro rs  

were: su b je c tiv e  a p p ra is a l  o f e f fe c t iv e  ro o tin g  dep th , v a r ia t io n  in  

a c tu a l  r a i n f a l l  and tem perature  between the  w eather s ta t io n s  and study 

a re a s , and th e  recogn ized  in h e re n t e r ro r s  in  T horn thw aite*s w ater 

balance concept. T h ird , th e  a n a ly t ic a l  approach used i s  capable of 

id e n tify in g  s tro n g  growth a s s o c ia t io n s ,  bu t su b tle  e f f e c ts  o r those 

caused by f a c to r  in te ra c t io n s  o ften  go u nde tec ted . N either re g re ss io n  

nor m u ltiv a r ia te  ana ly ses were ab le  to  sep ara te  th e  e f f e c ts  o f a  s o i l  

m oisture p e rio d  of the  year p r io r  to  growth from th e  e f f e c ts  o f th e  same 

p e rio d  in  th e  growth y e a r . F in a l ly ,  o th er environm ental f a c to r s  a f fe c t in g  

h e ig h t growth in te r a c t  w ith  r a i n f a l l  and s o i l  m oisture to  confound the 

growth p ro ce ss . P re c is e ly  c o n tro lle d  growth s tu d ie s  a re  needed to  

ev a lu a te  the  in te ra c t io n s  between th e  environm ental fa c to r s  before  the 

c le a r  meaning o f em p irica l s tu d ie s  based  on random f i e l d  sam pling, as 

t h i s  study  was, i s  f u l l y  understood.



SUMMARY AND CONCLUSIONS 

T his study  of th e  e f f e c t  o f s o i l  m oisture on h e ig h t growth of s la sh  

p ine  was conducted a t  f iv e  p la n ta t io n s  in  A llen , B eauregard, C laiborne, 

L aS alle , and W ashington P a rish es  of L ou isiana. P lo ts  were lo c a te d  in  

p la n ta t io n s  which ranged in  age from 11 to  18 y e a rs .

S o ils  re p re se n te d  were of the  C o asta l P la in  and Platwoods physiogra­

ph ic  reg io n s  of th e  S ta te .  S o il  m o is tu re -ho ld ing  c a p a c itie s  v a rie d  

g re a t ly  w ith in , and between, p la n ta tio n s  sampled, and each lo c a tio n  

rec e iv e d  d i f f e r e n t  amounts o f p r e c ip i ta t io n .

A method was dev ised  to  r e c o n s t ru c t 'p a s t  annual h e ig h t increm ent 

from th e  le n g th  o f in te rn o d es o f s la sh  p in e . A computer program was 

w r i t te n  to  r e - e s ta b l i s h  th e  s o i l  m oisture regim es using  Thornthw aite*s 

w ater balance technique and c lim a to lo g ic a l d a ta  from w eather s ta t io n s  

a d ja ce n t to  th e  study  a re a s .

H eight growth d a ta  were c o lle c te d  fo r  a s ix -y e a r  periods 195^ 

th rough  1959. D a ily  so il-m o is tu re  le v e ls  were computed fo r  th e  p e rio d , 

1953 through  1959• D aily  so il-m o is tu re  values were summarized in to  36 

ten -d a y  p e rio d s fo r  each y e a r. C o rre la tio n  a n a ly s is  in d ic a te d  a low 

degree of a s s o c ia t io n  between annual h e ig h t growth and any s in g le  ten -d ay  

m oisture l e v e l ,  b u t more im p o rtan tly , i t  re v e a le d  extrem ely h igh  

in te r c o r r e la t io n  among th e  so il-m o is tu re  le v e ls  o f th e  ten -d ay  p e rio d s . 

T his h igh  in te r c o r r e la t io n  prec luded  th e  use of m u ltip le  re g re s s io n  to  

ev a lu a te  th e  c o n tr ib u tio n  of s o i l  m oisture to  annual h e ig h t growth. 

M u ltiv a r ia te  a n a ly s is  was employed fo r  t h i s  purpose since  i t  a d ju s ts
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fo r  in te r c o r r e la t io n  and d i s t r ib u te s  the  e r ro r  among th e  independent 

v a r ia te s  as w e ll as th e  dependent v a r ia te s .

A p re lim in a ry  a n a ly s is  o f th e  e f f e c ts  o f th e  ten -d ay  s o i l  m oisture 

p e rio d s  of th e  p reced ing  year and th e  growth year was used as a b a s is  

fo r  grouping s o i l  m oisture p e rio d s . Analyses o f the  grouped data  were 

th en  made.

A nalysis o f the  d a ta  rev ea led  th e  fo llow ing :

1 . V a ria tio n  in  annual h e ig h t growth between p lo ts  a t  the same 

p la n ta t io n  and between p la n ta t io n s  was sm all. Growth was so 

c o n s is te n t th a t  99 p e rcen t o f the  annual h e ig h t growth a t  a l l  

f iv e  p la n ta t io n s  was w ith in  a  range of le s s  than  l - l /2  f e e t  on 

each s ide  o f the  mean.

2. S o il  m oisture curves showed s im ila r  tre n d s  a t  a l l  lo c a tio n s .

S o i l  m o istu re-ho ld ing  c a p a c itie s  in  the  upper 5 f e e t  ranged 

from 1 to  lA in ch e s . The d r i e s t  years were 195k and 1956, 

w hile 1958 and 1959 were the  w e tte s t  a t  a l l  p la n ta t io n s .

Annual r a i n f a l l  ranged between ± 22 p e rcen t and ± k-2 pe rcen t 

based  on th e  6-y ea r mean r a i n f a l l  a t  each of th e  f iv e  study  

p la n ta t io n s .

3. H eight growth was dependent on s o i l  m oisture a t  th re e  of the 

f iv e  p la n ta t io n s .  S o il  m oisture o f th e  36 ten -d ay  periods of 

th e  year p reced ing  growth exp la ined  from 10 to  63 p e rcen t of

th e  v a r ia t io n  in  h e ig h t growth, w hile s o i l  m oisture of th e  growth 

year exp la ined  from 10 to  ^5 p e rc e n t. Combined a n a ly s is  of the 

grouped s o i l  m oisture p e rio d s in  bo th  th e  year p receding  growth 

and th e  growth year exp la ined  more v a r ia t io n  by accounting  fo r  

26 to  76 p e rc en t o f th e  d iffe re n c e  in  annual h e ig h t growth.



k .  Pronounced e f f e c ts  o f in d iv id u a l p e rio d s  o f s o i l  m oisture were 

n o t r e a d i ly  a p p aren t, and l i t t l e  agreement was noted  as to  which 

p e rio d s  of s o i l  m oisture a re  most c r i t i c a l .  Inverse  r e l a t io n ­

sh ip s between some s o i l  m oisture p e rio d s  and h e ig h t growth were 

d e te c te d . The negative  e f f e c ts  were predom inant in  th e  w in ter 

p reced ing  growth and du ring  th e  growing season. These e f f e c ts  

were probably  caused by concom itant f a c to r s  a s so c ia te d  w ith  

r a i n f a l l  occurrence, such as reduced s o i l  a e ra tio n , red u c tio n  

in  r a d ia t io n  due to  cloud cover, decrease in  t o t a l  tem pera tu re , 

o r red u c tio n  in  d i f f e r e n t i a l  between day and n ig h t tem pera tu re .

5. M oisture regim es between ad jacen t years were so s im ila r  during  

th e  p e rio d  o f  study  th a t  i t  was im possible  to  sep ara te  the  

e f f e c ts  of th e  year p reced ing  growth from those  of th e  growth 

y ear.

R esu lts  o f  th is  s tu d y  ten d  to  support th e  hypo thesis  th a t  h e ig h t 

growth of s la s h  p in e , and indeed th e  growth of a l l  sou thern  p in e s , i s  

determ ined by a  com bination of th e  p rev ious year*s growing cond itions 

and th e  cond itions o f the  growth y e a r . The f i r s t  f lu s h  of growth in  the 

sp rin g  i s  m orpholog ically  determ ined in  th e  bud la id  down in  the  p revious 

y e a r . The magnitude o f t h i s  i n i t i a l  f lu s h  depends, to  a la rg e  ex ten t, on 

the  pre-form ed bud t i s s u e  and s to re d  food which a re  in flu en ced  by th e  

s o i l  m oisture and environm ental co n d itio n s p re v a i l in g  during  th e  p rev ious 

year (Kozlowski, 1958). Sub sequent growth f lu s h e s ,  which along w ith  

th e  i n i t i a l  f lu s h  c o n s t i tu te s  t o t a l  annual increm ent, depend on cond itions 

du ring  the  growth y e a r .

Zahner*s (1962) work w ith  lo b lo l ly  pine a ls o  embraces t h i s  th eo ry . 

Under c o n tro lle d  m oisture c o n d itio n s  the  i n i t i a l  growth f lu s h , which made 

up about o n e -th ird  t o  o n e -h a lf o f th e  annual h e ig h t growth, was g re a t ly



dependent on the  m oisture co n d itio n s o f th e  p rev ious y ear. T rees 

su p p lied  ample m oisture du ring  the  growth season continued  to  produce 

th re e  more growth f lu sh e s  in  the  y ear, w hile those  grown under h igh  

so il-m o is tu re  s t r e s s  produced bu t one f lu s h  in  a d d itio n  to  the  i n i t i a l  

sp rin g  f lu s h .  T o ta l h e ig h t increm ent was about h a l f  as much fo r  the  

d ry  trea tm e n ts  as f o r  th e  w et.

The r e s u l t s  o f t h i s  study  fu r th e r  p o in t ou t th e  homogeneity of s la sh  

p ine growth, and support th e  observations o f o th e r  re se a rc h e rs  who have 

found i t  to  show l i t t l e  r a c i a l  v a r ia t io n  when p la n te d  in  a s in g le  

c lim a tic  zone.

A d d itio n a l s tu d ie s  conducted under c o n tro lle d  co n d itio n s in  the  

greenhouse and growth chamber a re  needed befo re  we can f u l ly  understand  

the  r e la t io n s h ip  between s o i l  m oisture and o th e r in te r a c t in g  environm ental 

f a c to r s  t h a t  determ ine th e  h e ig h t growth of t r e e s .  I f  such d a ta  were now 

a v a i la b le ,  f i e l d  s tu d ie s  such as t h i s  would be more m eaningful.
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APPENDIX A

P h y s ica l P ro p e r tie s  and M oisture C onstan ts o f S o ils  
by P lo ts  and S o i l  Layers

A vailab le
S o i l  Com position Bulk F ie ld  W iltin g  v a te r  ho ld ing

P lo t  la y e r  Sand S i l t  C lay  d e n s ity  c a p a c ity  p o in t  c a p a c ity

Inches P e r-  P e r- P e r-  Gm/cc P e rcen t P e rcen t Inches
c en t cen t c en t

P la n ta t io n  A, Beauregard P a r ish

0-6 56.8 35.6 7 .6 1 .31 13.07 3.55 0 .74
6-12 56.0 36.4 7 .6 1 .44 13.42 . 2.78 0.92

12-18 52.6 33.4 14.0 1.50 15.11 6 .97 0.73
18-24 48.8 31.4 19 .8 1.46 18.85 6 .43 1.09
24-30 48 .2 32.4 19 .4 1.44 19.34 6 .57 0.95
30-36 48.0 32.5 19.5 1.45 19.49 7.58 l .o 4
36-42 48.4 32.3 19 .3 1.43 19.37 7.91 0 .98
42-60 47.3 33.0 19 .7 1.47 19.35 5.58

T o ta l
3.64

10.09

0-6 56.0 37.4 6 .6 1.15 16.06 2.93 0.90
6-12 53.0 34.4 7 .6 1.38 12.79 2.41 0.86

12-18 52.2 34.8 12.0 1.48 13.04 3.o4 0 .89
18-24 52.0 33.4 14.6 1 .48 16.24 5 A 9 0.95
24-30 52.1 33.1 14.8 1.47 16.30 5.30 0.97
30-36 51.9 33.2 14 .9 1.48 36.26 5.^5 0.96
36-42 52.0 33.0 15.0 1.50 16.32 5.42 0.98
42-60 51.7 33.0 15 .3 1.52 16.29 5.99

T o ta l
2.82
9.33

0-6 43.8 37.4 18 .8 1.50 24.68 7.06 1.06
6-12 43.6 33.4 23.0 1.57 22.11 5.85

T o ta l
2.56
3.62

0-6 48.8 44 .4 6 .8 1.20 1 7 . ^ 3.13 1.03
6-12 47.8 43 .4 8 .8 X.53 13.73 2.82 1.00

12-18 45.8 42.8 11 .4 1 .49 15.78 4.20 i .o 4
18-24 1*0 .8 42.6 16.6 1.50 20.15 6 .56 1.22
24-30 40.5 42.7 16.8 1 .52 20.45 7.V7 1.18
30-36 40.7 42.6 16 .7 1.51 20.30 7 .04 1.20
36-42 40.6 42 .9 16.5 1.53 20.29 7 .39 1.18
42-6o 40.8 42.3 16 .9 1.52 20.39 6 .58

T o ta l
3.78

11.63

90



A vailable
S o i l  Composition Bulk F ie ld  W ilting water holding

P lo t  layer Sand S i l t  Clay d en sity  capacity  poin t capacity

Inches P e r-  P e r-  P e r- 
c e n t c e n t c en t

Gm/cc P ercen t P ercen t Inches

0-6 1*8 .8 1*1 . 1* 9 .8 1.33 18.67 3.69 1 .19
6—12 1*7.8 1*0 .6 11.6 1 . 1*1* 17.51 1*.03 1 .17

12-18 1*2 .0 38.1* 19.6 1.38 20.10 8.16 0 .9 9
18- 21* 39.6 1*2 .1 19.3 1 .1*0 19.80 6.1*3 1.12
21*- 30 39.3 1*1 .2 19.5 1 . 1*1 19.89 5.91 1.18
30-36 39.8 1*0.3 19.6 1.39 20.00 6.1*3 1.13
36-1*2 1*0 .1 1*0 .2 19 .7 1 . 1*1 19.78 6 .78 1.10
1*2-60 1*1.5 39.3 19.2 1 . 1*0 19.82 7.89 3.01

T o ta l IO .89

0-6 31*.8 52.1* 12.8 1.19 25 . 1*1 7.13 1.30
6-12 33.8 1*7.1* 18.8 1.36 19.30 6 . 1*2 1.05

12-18 35.6 1*5.0 19 .4 1 . 1*2 21.05 6 .93 1.20
18- 21* 35.8 1*2 .6 21.6 1.1*7 21.82 6 .81 1.32
21*-30 36.0 1*1.9 22.1 1.1*5 21.51 6 .56 1.30
30-36 35.9 1*2 .8 21.3 1 . 1*8 21.93 6.85 1 .34
36-1*2 3l*.1 1*3.6 22.3 1.1*9 21.85 7.20 1.31
l*2- 6o 33.5 43.3 23.2 1.50 22.01 7.12 4 .02

T o ta l 12.81*

P la n ta t io n  B, A llen  P a r ish

8

0-6 30.2 52.8 17.0 1 .34 26.34 7.60 1.50
6-12 30.2 1*0 .1* 29.4 1.49 21.67 6.60 1.35

12-18 25.2 1*8 .8 26.0 1.52 21.96 8.34 1.24
18- 21* 2l*.2 1*6 .8 29 .O 1.51 24.38 10.08 1.30
24-30 23 .9 1*7.3 29.0 1.50 24.51 9.05 1.39
30-36 23.6 1*9.1 27.3 1 .52 24.73 9.75 1.37
36-1*2 23.3 48.5 28.2 1.54 24.91 10.50 1.33
1*2-60 23.7 47.7 28.6 1.53 24.69 9.96

T o ta l
4.05

13.53

0-6 29.2 6 0 .4 10.4 1.38 28.78 6.50 1.85
6-12 29.2 46.8 19.0 1.52 20.22 6.68 1.23

12-18 26.8 54.6 18.6 1.57 21.24 7.28 1.31
18- 21* 26.2 55 .9 17 .9 1.55 23.21 7.81 1.48
21*-30 25.9 57.1 17.0 1.54 23.65 7.69 1.47
30-36 26.5 56.3 17.2 1.56 23.72 7.48 1 .52
36-1*2 26.8 55.9 17.3 1.56 23.77 7.20 1.50
1*2-60 25.7 56.8 17.5 1.58 22.95 7.33

T o ta l
4.1*4

l4 .8 o
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A vailable
S o i l  C o m p o s i t i o n  Bulk F ie ld  W ilting water bolding

P lo t  layer Sand S i l t  Clay d en sity  capacity  po in t capacity

Inches P e r-  P e r-  P e r- Gm/cc P e rcen t P e rcen t Inches

10

11

12

13

cen t cen t c en t

0-6 30.2 57.8 12.0 1.1*7 21.50 7.21 1.26
6-12 29.8 53.8 16 .1* 1.52 22.93 8.93 1.22

T o ta l 2 .48

0—6 . 29.8 60.2 10.0 1 .1*1* 20.58 3.60 1.48
6-12 2l*.8 58.1* 16.8 1.52 21.80 6 .62 1.39

12-18 23.2 59.^ 17.1* 1.56 21.80 8.12 1.28
18-24 22.8 58.9 18.3 1.55 22.31 7.74 1.35
24-30 22.0 58.9 19.1 1 .54 22 . 1*9 7.68 1.37
30-36 22.5 56.1* 21.1 1.53 23.00 7.84 1.39
36*1*2 21.3 5l*.1* 21*. 3 1.57 25.87 10.47 1.45
42-60 20.1 54.3 25.6 1.58 24.76 9.36 4.38

T o ta l 14.09

0-6 27.6 62.0 10 . 1* l . l l 25.80 9.70 1.07
6-12 2l*.8 57.4 17.8 1.50 23.26 7.23 1.44

12-18 26.0 1*9 . 1* 2l*.6 1 . 1*7 21*. 18 7.38 1.48
18- 21* 25.3 1*8 .6 26.1 1.1*9 24.83 8.16 1.49
2l*-30 26. 1* 1*5.3 28.3 1.51 25.32 9.15 1 .1*6
30-36 26.2 1*1*.7 29.1 1.50 24.98 9.01 1.44
36-1*2 26.0 1*3.8 30.2 1.52 25.01 8.90 1.47
1*2—6o 25.9 1*1*.3 29.8 1.55 24.86 8.67 4.52

T o ta l 14.37

o-6 25.6 63A 11.0 1.20 32.86 10.64 1.60
6-12 22.8 56.1* 20.8 1.1*3 24.30 8.20 1.38

12-18 22.3 55.2 22.5 1 .1*6 23.21 7.65 1.36
18- 21* 23.9 5l*.l* 21.7 1.51 22.13 6 .52 l . 4 l
2l*-30 25.0 54.7 20.3 1.53 21.96 6.65 1 . 1*0
30-36 25.1* 52.6 22.0 1.55 23.69 8.92 1.37
36-1*2 26.2 1*8 .8 25.0 1.54 24.01 9.01 1 .39
1*2—6o 25.9 47.7 26 . 1* 1.57 25.23 10.65 4.12

T o ta l 14.03

o-6 71.8 21.0 ; 7 *2 1.39 11.50 2 .6l 0 .74
6-12 71*.8 18.0 7 .2 1 . 1*6 9.66 1.30 0 .74

12-18 73.6 19.1* 7.0 l . 6l 10.14 1.62 0 .83
18-21* 58.2 15.1* 26 . 1* 1.59 16.95 9.96 0.86
2l*-30 57.8 ll*.9 27.3 1.60 18.21 8.95 0 .89
30-36 55.^ 15.5 29.1 1.62 17.91 8.96 0 .87
36-1*2 5 ^ 7 16 . 1* 28.9 1.65 18.31 9.69 O.85
1*2-60 52.3 16,5 31.2 1.67 21.24 12 . 1*6 2.64

T o ta l 8 .42
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A vailable
S o i l  Composition Bulk F ie ld  W ilting water holding

P lo t layer Sand S i l t  Clay d en sity  cap acity  po in t capacity

Inches P e r-  P e r-  P e r-  
c e n t c e n t c en t

Gm/cc P e rcen t P e rcen t Inches

P la n ta t io n  C, W ashington P a r ish

14

15

16

17

0-6 44.2 46 .4 9 .4 1.43 18.15 4 .01 1.22
6-12 41.6 43.0 15 .4 1.50 16.63 4 .52 1.09

12-18 39.8 40 .4 19.8 1 .59 18.81 7.97 1.04
18-24 47.0 30.4 22.6 1.63 19.47 10.16 0.91
24-30 49.2 30.0 20.8 1.65 20.75 10.91 0.97
30-36 51.7 28.7 19.6 1 .68 22.13 12.06 1.01
36-42 53.4 28.3 18 .3 1.66 21.93 12.05 0.98
42-60 56.1 26.1 17.8 1 .64 22.31 13.87

T o ta l
2 .49
9.71

0-6 55.0 33.2 11.8 l . 4 l 18.58 7.24 O.96
6-12 56.0 24.0 20.0 1.52 15.22 8.22 0 .64

12-18 52.0 28.2 19.8 1.54 19.62 11.15 0 .78
18-24 4 l .o 36.0 23.0 1 .6l 17.14 10.29 0.66
24-30 38.9 36.9 24.2 1.63 16.34 9.31 0 .69
30-36 37.3 37.0 25.7 1.66 18.21 10.55 0.76
36-42 34.1 37.6 28.3 1.65 17.91 9 .19 0.86
42-6o 33.9 36.9 29.2 1.67 18.10 9.4o

T o ta l
2.61
7.96

0-6 44 .4 38.0 17.6 1 .39 18.72 8.65 0.84
6-12 43.6 34.0 22 .4 1.65 19.92 11.01 0.88

12-18 45.6 35.0 19 .4 1.71 18.62 10.84 0.80
18-24 50.0 32.4 17.6 1.70 15.12 8.95 0.63
24-30 52.4 31.3 16.3 1.72 14.98 9.07. 0 .61
30-36 54.6 28 .7 16.7 1 .69 15.23 8.92 0 .6 4
36-42 57.3 27.3 15.4 1 .71 14.78 9.03 0 .59  -
42-60 59.5 25.7 14 .8 1 .74 14.56 8.33

T o ta l
1.95
6 .9 4

0-6 54.6 32.6 12.8 1.45 22.60 10.82 1.03
6-12 35.4 37.6 27.0 1.66 18.64 11.18 0 .74

12-18 37.6 37.0 25.4 1 .68 20.44 11.68 0 .68
18-24 45.6 36.0 18.4 1.70 19-74 9.75 1.02
24-30 48 .9 29 .9 21.2 1 .69 20.31 10.58 0 .99
30-36 51.3 30.8 17 .9 1 .72 21.24 12.32 0 .92
36-42 52.7 24 .9 22.4 1 .71 19.94 10.49 0.97
42-6o 55-4 19 .9 24.7 1 .74 18.73 9-45

T o ta l
2.91
9 .46



A vailable
S o i l  Composition Bulk F ie ld  W ilting vaterholding

P lo t layer Sand S i l t  Clay d en sity  capacity  p o in t cap acity

18

19

Inches P er­
cen t

P e r-
c en t

Per­
cen t

Gm/cc P e rcen t P e rcen t Inch*

0-6 53.2 37.0 9 .8 1.38 19.33 5.36 1.16
6-12 58.4 29.6 12.0 1.58 15.40 6 .3 1 0.86

12-18 48.8 32.8 18.4 1 . 6l 15.52 6 .7 2 0 .85
18-24 49.6 36.0 14.4 1.66 17.43 8 .86 0 .86
24-30 49.6 32.0 18.4 1.70 17.60 6 .3 8 1.14
30-36 47.3 32.6 20.1 1 .69 18.23 8 .68 0.97
36-42 46 .9 30.4 22.7 1.71 18 .41 8 .38 1.03
42-60 44.3 31.2 24.5 1.73 19.71 7 .83

T o ta l
3*70

10.57

0-6 50.6 31.0 18.4 1.48 17.86 8 .7 4 0 .87
6-12 43.4 38.6 18.6 1.65 17.32 6 .66 1.06

12-18 41.6 38.0 20.4 1.64 18.42 9.06 0 .92
18-24 43 .4 35.8 20.8 1 .67 18.58 8 .74 0 .99
24-30 42.7 34.4 22.9 1.69 19.75 9.66 1.02
30-36 43.0 33.9 23.1 1.71 18.91 9.46 0 .9 7
36-42 42.3 33.1 24.6 1.73 20.21 10.22 i .o 4
42-6o 41.5 32.8 25.7 1.73 19.98 10.83

T o ta l
2.85
9.75

20

21

P la n ta t io n D, L aSalle  P a r ish

0-6 52.0 39.2 8 .8 1.39 16.69 4 .71 1.00
6-12 39.0 42.8 18.2 1.48 19.97 6 .26 1.22

12-18 30.0 37.8 32.2 1.54 21.95 13.89 0.73
18-24 27.3 38.0 34.7 1 .59 21.35 12.27 0 .86
24-30 39.4 35.3 35.3 1.63 22.16 13.77 0 .82
30-36 26.5 35.8 37.7 1.66 24.21 15.57 0.86
36-42 25.7 34.7 39.6 1.65 24.82 16.43 . 0 .83
42-60 23.9 34.6 41.5 1.67 25.01 17.12

T o ta l
2 .37
8.89

0-6 75.6 18.2 6 .2 1.49 10.51 2 .93 0.70
6-12 75.2' 17.6 7 .2 1 .57 8 .29 1 .91 0.60

12-18 76.0 17 .2 6 .8 1 .58 8 .24 1 .95 0.60
18-24 75.6 16.6 7.8 1 .51 7 .84 2.40 0 .49
24-30 74.0 17.2 8 .8 1.50 9.34 3.54 O.52
30-36 68 .4 18.4 13.2 1.59 10.75 5.82 0 .47
36-42 65 .3 19.2 15.5 1 .6l 11.21 4.66 0 .63
42-6o 63 .9 20.3 15.8 1.63 12.46 7 .84

T o ta l
1.35
5.36
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A vailable
S o i l  Composition. Bulk F ie ld  W ilting vater  holding

P lo t layer  Sand S i l t  Clay d en sity  cap acity  po in t capacity

Inches P e r-  P e r-  P er- 'cc  P ercen t P ercen t Inches

22

23

2k

25

26

c e n t c en t cen t

0-6 64 .0 26.8 9 .2 1 .39 15.25 l*.25 0 .9 2
6-12 6 6 .2 21*. 2 9.6 1 . 1*1 11.90 2.77 0 .77

12-18 73.0 18.2 8 .8 1.1*5 9.09 2 . 1*9 0 .5 7
18- 21* 73 .2 18.2 8 .6 1.1*9 8.85 2.25 0 .5 9
2l*-30 73 .8 17 .9 8 .3 1.51 7.96 1.55 0 .58
30-36 7l*.o 17.6 8 .4 1.50 8.01 1 .37 0.60
36-1*2 7l*.8 17.1 8 .1 1.1*3 8.23 1 .91 O.56
1*2—6o 75 .1 16.0 7 .9 1.50 8.11 1.78

T o ta l
1 .71
6 .30

o -6 79.0 15.8 5 .2 1.28 7.23 3A 5 0 .2 9
6-12 77.6 13.2 9 .2 1.55 8.00 2 .62 0 .50

12-18 55.6 16.2 28.2 1.1*7 lk .7 9 9.1*0 0 . 1*8
18- 21* 5k. 9 16 . 1* 29.7 1.1*9 ll*. 91 9.28 0 .50
2l*-30 53.7 15.8 30.5 1.50 15.01 9.56 0.1*9
30-36 51 .9 li*.5 32.6 1.50 l k .  97 9.71* 0.1*7
36-1*2 50.3 16.3 33A 1.52 15.31 9.57 0 .5 2
i*2- 6o ^ 9 .9 17.1 33.0 1 .5^ 15.61 9.35

T o ta l
1.71*
l*.99

0-6 1*3 .2 1*5.2 11.6 1.37 18.92 1*.88 1.16
6-12 32 . 1* 50 . 1* 17.2 1.50 20 . 91* 6.1*7 1 .30

12-18 31.3 1*9.3 19 A 1.51 22.65 8.35
T o ta l

I .29
3.75

0-6 82.0 12; 8* 5 .2 1 .39 7.99 3.0l* 0 . 1*1
6-12 81.0 12.6 6 . 1* 1.33 7.63 2.31* 0 . 1*2

12-18 80.0 13.6 6 . 1* 1.36 7.10 1 .27 0 . 1*6
18- 21* 76.6 16.6 6 .8 1.38 7.66 1.30 0 .53
2l*-30 73.6 18.0 8 . 1* 1.57 11.01 3.72 O.69
30-36 71.3 19.0 9 .7 1 .59 12.17 1*.72 0 .71
36-1*2 70.2 19.8 10.0 I .60 11.93 1*.89 0 .68
1*2—6o 68 .3 18.2 13.5 1.62 13.23 8 .98

T o ta l
1 . 2k
5.16

0-6 65 .6 27.6 6 .8 1.31* li*.53 3.08 0 .92
6-12 53.6 28.8 17.6 1 .1*1* 19.60 11.51 0 .70

12-18 1*1 .0 22 .2 36.8 1 A 6 21.36 18.65 0 . 21*
18- 21* 38.3 19 .6 1*2 .1 1.1*9 23.21 20.12 0 .2 8
2l*-30 37.2 19 A 1*3.1* 1.50 23.98 21.09 0.26
30-36 35.7 19 A l*l*.9 1 .52 25.01 21.91* 0 .28
36-1*2 36.1 18 .9 1*5.0 1 .53 25.31* 22.02 0 .30
1*2—6o 3^.9 18.7 1*6 . 1* 1.55 25.93 23.01

T o ta l
0 .81
3.79



96

A vailable
S o i l  Composition Bulk F ie ld  W ilting water bolding

P lo t layer Sand S i l t  Clay d en sity  cap acity  poin t cap acity

Inches P e r-  P e r- P e r-  
c e n t cen t cen t

Gm/cc P e rcen t P ercen t Inches

P la n ta t io n  E , C laiborne P a r ish

27

28

29

30

0-6 67.6 27.6 1*.8 1 .3 1* 8.86 2.93 0 . 1*8
6-12 6o .6 32.6 6 .8 1 . 1*6 11.81* 2 .29 0.81*

12-18 53.0 28.2 18.8 1.1*7 15.31 1*.29 0 .97
18- 21* 31.6 21.2 1*7.2 1 .38 22.1*3 19.18 0 .27
21*-30 29-7 22.0 1*8.3 1 . 1*0 23.50 20 . 1*8 0.25
30-36 28 .9 21 . 1* ^9 .7 1.1*3 21*. 21 20.99 0 .28
36-1*2 26.8 21.9 51.3 1.1*5 25.33 21.78 0 .31
1*2-60 21*.3 23.7 52.0 1.51 27.21* 23.86

T o ta l
0 .92  
1*. 32

0-6 75.0 20.0 5.0 1 .39 1*.87 2 -. 11* 0 .23
6-12 69 .2 20.2 10.6 1.37 6 .23 2.89 0 .28

12-18 71.0 22.6 6 . 1* 1.36 7.51 3.81* 0.30
18- 21* 55A 1 7 .1* 27.2 1 .1*1* ll*.02 12.32 0.15
2l*-30 53.2 17.5 29 .3 1 . 1*6 15.01 13.11 0 .17
30-36 51.5 16.8 31.7 1.50 17.31* 15.23 0 .19
36-1*2 1*9.8 17.2 33.0 - I .52 18.12 16.33 0.16
1*2—6o 1*7.3 17.6 35.1 18.70 16.86

T o ta l
0 .51
1 .99

o-6 77.2 18.2 i*.6 1.28 1*.08 3.39 0.05
6-12 66.0 27.8 6 .2 1.51 5.03 2.90 0 .1 9

12-18 69 .2 25.6 5 .2 1.1*3 l*.67 2.90 0 .15
18- 21* 66 . 1* 21+.1* 9 .2 1 . 1*8 6 .69 1*.62 0 .18
2l*-30 6i*.o 22.8 13.2 1 . 1*6 9.37 6.26 0 .27
30-36 62 .7 22.3 15.0 1.1*9 10 . 21* 7.05 0 .28
36-1*2 58.9 23.6 17.5 1.52 12.39 8.88 0 .32
1*2—6o 56.1 23.6 20.3 1 .5 1* 13.71 10 . ll*

T o ta l
1.00
2 . 1*1*

0-6 56. 1* 36.1* 7 .2 1 . 21* 8.13 5.89 0 .17
6-12 62.0 30.2 7 .8 1.21 6 .52 3.78 0.20

12-18 56.0 30.6 13A 1.1*7 9.5^ 1*.80 0 . 1*2
18- 21* 1*5.1* 29.1* 25 .2 1.52 15.80 13.56 0.20
21*-30 1*3.2 30.0 26 .8 ■1.53 16.21 ll*.27 0 .18
30-36 1*1.9 29.9 28.2 1.51 16.00 13.91 0 .19
36-1*2 39.8 30.1 30.1 1.5^ 18.31 15.70 0 . 21*
l*2-6o 37.3 30.2 32.5 1.55 19.20 16 .61*

T o ta l
0 .71
2.31
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S o il  Com position Bulk F ie ld  W iltin g
P lo t  la y e r  Sand S i l t  C lay  d e n s ity  c a p a c ity  p o in t

Inches P e r- 
c en t

Per­
cen t

P e r-
cen t

Gm/cc P ercen t P ercen t

0-6 51.0 43.8 5 .2 1.35 6 .03 4.36
6-12 45.0 49.8 6 .2 1.44 6 .39 4 .42

12-18 29.2 36.6 34.2 1 . 1*0 20.59 17.75
18- 21* 28.3 35.9 35.8 1.41 21.36 18.68
24-30 26.7 36.3 37.0 1.45 23.24 20.37
30-36 24.5 36.6 38.9 1.48 23.98 21.06
36-42 24.0 36.7 39.3 1.49 24.21 21.17
1*2-60 23.1 36.4 1*0.5 1.52 25.01 21.83

T o ta l

0-6 69.0 25.8 5 .2 I .27 10.32 6 .7 9
6-12 70.0 20.8 9 .2 1.47 5.93 4.77

12-18 50.0 8 .8 41.2 1.47 24.17 23.42
18- 21* 45.2 10.1 44.7 1.52 25.31 24.21
24-30 1*6 .1 10.0 43 .9 1.50 25.73 24.69
30-36 47.3 9 .7 43.0 1.50 24.93 24.15
36-42 1*6.9 9.0 44.1 1 .49 25.11 24.1*0
42-60 47.5 8 .6 43.9 1.51 25.23 24.38

T o ta l

0-6 49.2 43.6 7 .2 I .25 13.41 ^ .79
6-12 52.3 41.5 7 .2 1 . 1*6 14.86 4.86

12-18 21.0 23.8 55.2 ' 1 .24 31.97 24.87
18-24 18.7 24.9 56.4 1.22 33.01 25.55
24-30 19.3 23.8 56.9 1.25 34.30 27.06
30-36 18.4 24.3 57.3 1.31 34.93 27.77
36-42 17.9 24.0 58.1 1.33 35.03 27.69
42-6o 17.5 24.6 57.9 1.36 35.95 28.81

T o ta l

A va ilab le  
v a te r  ho ld ing  

c a p a c ity

Inches

0 .14
0.17
0 .24
0 .23
0 .25
0.26
0.27
0.87
2.43

0 .27
0.10
0.07
0.10
0 .09
0 .07
0.06
0.23
0.99

0.65
0 .89
0 .53
0.55
0 .54
0.56
0 .59
1.75
6.06



appendix b

D e sc rip tio n  and O perating  In s tru c t io n s  fo r  L ouisiana 
S ta te  U n iv e rs ity  School o f F o re s try  and W ild life  

Management's S o i l  M oisture-B alance Program

Purpose

Given th e  d a i ly  p r e c ip i t a t io n ,  d a i ly  mean tem p era tu re , I  value 

(h e a t index) and s o i l  m o is tu re -s to rag e  c a p a c ity  o f the  s o i l ,  t h i s  

ro u tin e  w i l l  compute and punch ou t th e  d a i ly  v a lu es of (1) T hornthw aite1 s 

p o te n t ia l  e v a p o tra n sp ira tio n , (2 ) a c tu a l  e v a p o tra n sp ira tio n , ( 3) a v a i l ­

ab le  s o i l  m oisture  le v e l  in  in c h e s , (^) s o i l  m oistu re  d e f i c i t s  and 

su rp lu se s , ( 5) amount o f g r a v i ta t io n a l  w ater rem aining in  th e  s o i l  and, 

(6 ) t o t a l  amount o f w ater rem aining in  the  s o i l ,  bo th  a v a ila b le  and 

g r a v i ta t io n a l .  The ro u tin e  punches one f o r  one and t o t a l  number of 

ou tpu t card s equal th e  t o t a l  number o f in p u t c a rd s .

In p u t Deck Format

The program i s  s e l f - lo a d in g  and s e l f - r e  s to r in g  and i s  loaded 5
/

in s t r u c t io n s  p e r c a rd . T his program c o n s is ts  o f two decks:

Deck 1 . Computation program and ta b le s  o f unad ju sted  d a i ly  
p o te n t ia l  e v ap o tran sp ira tio n . values

Deck 2 . T ables o f ad justm ent f a c to r s  based on d a ily  d u ra tio n  
o f s u n lig h t  a t  a  given la t i tu d e

D ata

Word 1 . OOOOOOOCXX

Where C i s  th e  lo c a tio n  o r w eather s t a t io n  number 
and XX i s  th e  l a s t  two d i g i t s  in  th e  y e a r , i . e .  19XX

Word 2 . XXXXQOOOOO

Where XXXX i s  th e  month number and day of month,
i . e .  A p r il  1j6  =  Ota.6
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Word 3. XXXOOOOOOO

Where XX.X i s  mean tem perature fo r  th a t  day in  
degrees and te n th s  F ah renheit

Word b.  OOOOOOXXXX

Where XX.XX i s  p re c ip i ta t io n  in  inches and hundreths 

Words 5-8* I r re le v a n t

There is  one d a ta  card  f o r  each d a i ly  observation

Param eter Card

Word 1. OOOOXXXXXX

Where X.XXXXX i s :

Storage C apacity  of S o i l  
(Inches)

X.XXXXX

1
2
3
b
5
6 
8
10 
12 
1̂4- 
16

0.00000
0.30103
o . 147712 
0.60206 
0.69897 
0.77815 
0.90309 
1.00000 
1.07918 
1.114613
1 . 20I412

Word 2. 00000XXXXX

Where .XXXXX i s :

S torage C apacity  of S o il  
(Inches)

.XXXXX

3
14
5
6 
8

10
12
1I4
16

1
2

.210514

.23320

.15010

.11197

.08851

.0714147
.0514145
.OI43I4O
.03623
.03110
.02717
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Word 3. OOOOOOOOXX

Where .XX i s  ru n o ff  f a c to r  or amount o f the  t o t a l  
g ra v i ta t io n a l  v a te r  vh ich  i s  r e ta in e d  t o  ru n o ff the  
fo llow ing  day. Medium te x tu re d  s o i l s  w ith  l i t t l e  
slope have an approxim ate f a c to r  o f . 90 .

Word If. OOOXXXXXXX

Where XX.XXXXX i s  th e  amount o f a v a ila b le  v a te r  in  
s o i l  a t  s t a r t  o f com putations. I f  com putations a re  
s ta r te d  a t  f i r s t  o f  th e  year t h i s  value may be a s ­
sumed to  be maximum s o i l  m o is tu re -s to rag e  c a p a c ity .

Word 5 . OOOOOOXXXX

Where XX.XX i s  the  amount o f t o t a l  v a te r  a v a ila b le  and 
g ra v i ta t io n a l  a t. th e  s t a r t  o f com putations. I f  s t a r t ­
ing  a t  beg inn ing  of year t h i s  value may be assumed to  
be th e  maximum s o i l  m o is tu re -s to rag e  c a p a c ity .

Word 6 . OOOXXXXXXX

Where XX.XXXXX i s  th e  s o i l  m o is tu re -s to rag e  c a p a c ity  
of the  s o i l  in  q u e s tio n .

Words 7 a&d 8 . Zeros

A ll va lues a re  e n te re d  as f ix e d -p o in t .

P re p a ra tio n  of D ata fo r  Machine

1 . Program deck -  1

2 . Program deck -  2 (ap p ro p ria te  deck -  2 must be in s e r te d  
depending on la t i tu d e )

3 . Param eter ca rd

4 . D ata card

Console Procedures

1 . I n s e r t  80 -  80 board

2 . S e t console 70 1952 9999

3. Overflow -  sense 

1*-. E rro r  -  sense

5. Programmed sto p -ru n

When program decks a re  be ing  loaded th e  519 w i l l  stop  upon
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com pletion o f deck 1 . The o p era to r must th en  r e s t a r t  by p re s s in g  

com pu ter-rese t and p ro g ram -s ta rt t o  con tinue  lo ad in g  deck 2 .

Output

Answers a re  in  f ix e d  p o in t .

Word 1 . MMXXOOOCYY

Where MM i s  the  number of th e  month, XX i s  th e  day 
of th e  month, C i s  th e  lo c a tio n  or s ta t io n  code 
number and YY i s  the  l a s t  two d ig i t s  o f the  y ear.

Word 2 . OOOOOOXXXX

Where XX.XX i s  th e  p r e c ip i ta t io n  o f th a t  day in  in ch es .

Word 3. OOOOOOOXXX

Where X.XX i s  th e  p o te n t ia l  e v a p o tra n sp ira tio n  in  
inches fo r  t h a t  day.

Word 4 . OOOXXXXXXX

Where XX.XXXXX i s  th e  a v a ila b le  s o i l  m oisture 
s to re d  in  th e  s o i l  a t  th e  end of t h a t  day.

Word 5. OOOXXXXXXX

Where XX.XXXXX i s  the  a c tu a l  change in  the  s to re d  
a v a ila b le  m oisture in  in ch es.

Word 6 . OOOOOOOXXX

Where X.XX i s  th e  s o i l  m oistu re  d e f i c i t  or su rp lus 
depending on s ig n . P lu s i s  s u rp lu s , minus i s  d e f i c i t .

Word 7 . OOOOOOXXXX

Where XX.XX i s  th e  g ra v i ta t io n a l  w ater re ta in e d  in  
th e  s o i l  fo r  subsequent fu tu re  lo s s .

Word 8 . OOOOOOXXXX

Where XX.XX i s  th e  t o t a l  w ater re ta in e d  in  th e  s o i l  
b o th  as g ra v i ta t io n a l  and a v a i la b le .

A v a i la b i l i ty

A program deck o f t h i s  program i s  a v a ila b le  a t  th e  L ouisiana S ta te  

U n iv e rs ity  Computer C enter and may be ob ta ined  by w ritin g  Louisiana 

S ta te  U n iv e rs ity  School of F o re s try  and W ild life  Management, Baton Rouge 

3 , L ou isiana .



appendix c

Annual H eight Growth o f Measurement T rees , 1954 to  1959

(In  f e e t)

P lo t  Tree
number number 1959 1958 1957 1956 1955 19514-

P la n ta t io n  A, B eauregard P a r ish

1 1 3.4 4 .0 3.6 4 .1 4 .2 4.5
2 3.9 5 .1 3.6 4 .5 4 .0 3 .8
3 4 .1 5 .1 4 .5 4 .6 4 .0 4 .9
4 3 .9 3 .9 3 .8 3 .8 3 .4 4 .5
5 5.7 4 .4 3.5 4 .6 3 .7 4 .4

2 1 4 .7 4 .5 3 .8 4 .2 4 .8 5.0
2 4 .1 4 .5 3 .3 4 .9 4 .1 4 .9
3 5.0 4 .2 3.5 4 .4 4 .4 4 .8
4 4 .9 4 .3 4 .0 4 .8 4 .2 5 .2
5 4 .8 3 .7 4 .2 4 .8 4 .0 4 .9

3 1 4 .3 5.0 2 .2 3 .7 3.4 3.5
2 4 .4 4 .2 2 .1 3 .2 2 .8 1 .8
3 4 .3 4 .2 3.9 3.6 3.5 3 .9
4 3.5 3 .9 2 .7 3.3 3.4 3.5
5 4 .0 4 .4 3 .0 4 .1 3 .1 4 .8

4 1 3-6 4 .4 3 .5 3 .7 4 .3 5-0
2 ' 4 .4 5.5 2 .8 4 .2 3 .4 5 .4
3 4 .4 3 .9 3 .7 3 .1 4 .4 3 .5
4 4 .1 4 .0 3 .9 4 .0 4 .1 5 .1
5 4 .8 3 .2 3 .8 3 .9 - 4 .5 4 .2

5 1 4 .9 4 .1 4 .6 4 .4 4 .6 4 .3
2 4 .1 4 .1 4 .8 4 .1 4 .4 5 .0
3 4 .5 4 .5 4 .2 4 .5 4 .4 5 .1
14- 4.5 4 .7 3 .4 4 .7 4 .9 4 .5
5 4 .6 3.5 4 .1 4 .0 4 .4 4 .5

6 1 5.0 4 .3 4 .9 4 .2 3 .9 5 .0
2 5.0 4 .6 3.5 3 .8 4 .7 5.3
3 4 .0 4 .2 3 .8 3 .7 3.6 3.7
4 4 .5 4 .1 3 .8 4 .4 4 .2 4 .8
5 4 .7 4 .6 3.8 4 .3 4 .1 4 .8
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P lo t
lumber

Tree
number 1959 1958 1957 ' 1956 1955

li

195^

7 1

P la n ta tio n  B, 

4 .1  2 .7

A llen  P a r ish  

2 .3  2 .9 4 .8 4 .4
2 3 .2 2 .9 3 .1 3 .1 3 .7 3 .7
3 2 .7 2.6 3 .8 4 .1 3 .9 4 .4
1* 4 .0 2 .2 3.6 3.5 4 .3 3 .9
5 3.3 3 .2 2 .8 3 .3 3.7 4 .4

8 1 3.7 3 .4 3 .7 • 3 .9 3 .1 4 .7
2 3.6 2 .5 3 .2 3 .9 3 .0 4 .1
3 3.6 3.0 2 .7 4 .2 5 .9 3.4
l* 3 .1 3.5 2 .9 3 .7 2 .9 4 .2
5 3.8 3.0 3 .° 3 .4 3 .2 4 .1

9 l 3 .4 3 .2 2 .3 3.5 3.5 3.6
2 3 .4 3 .8 3 .7 3 .9 3.5 3 .4
3 3 .8 2 .4 3 .4 4 .3 3 .7 3 .7
4 3 .4 2 .7 3 .1 2 .5 3 .4 3 .8
5 2 .9 2.6 3.6 4 .0 2 .4 2 .9

10 1 3 .8 3 .5 3 .7 4 .4 4 .8 4 .0
2 3 .9 2 .4 3 .2 •3.6 3 .2 4 .8
3 4 .1 2 .8 3 .2 3.8 3 .8 4 .5
1* 3 .7 2 .4 2 .8 3 .9 3 .0 4 .1
5 3 .0 3.8 3 .0 3.4 3.6 3 .8

11 1 3.7 3 .3 2 .3 4 .2 2 .9 3.6
2 2 .7 3 .2 2 .4 3.6 2 .9 3.3
3 3.3 2 .8 3 .0 3 .5 2 .8 3.1
1* 3.1 3.3 2 .7 3.5 2.5 4 .9
5 2 .9 2 .8 2 .0 3.7 3.4 2 .8

12 1 3 .8 4 .4 3 .4 3.3 3.7 3.6
2 4 .1 4 .1 3 .9 3.6 3 .9 3 .0
3 3.6 2 .9 3.0 3.7 3 .1 3 .7
1* 3 .7 3 .0 3 .2 4 .1 3.5 4 .5
5 4 .4 2 .9 3.0 4 .0 3.3 3.0

13 1 4 .8 3 .4 4 .4 4 .1 4 .8 3 .9
2 k . l 4 .0 3 .2 4 .0 3.8 4 .2
3 k . l 3.6 4 .0 4 .4 4 .3 4 .4
4 3 .8 4 .1 3 .8 4 .4 4 .0 4 .7
5 if. 6 3 .8 3.6 3.5 4 .4 4 .0

11* 1 4 .9 4 .0 3.6 3.9 3.3 2 .5
2 3 .4 4 .2 4 .3 4 .1 3.5 3 .0
3 3 .8 4 .2 3 .8 3.3 3.6 2.5
4 4 .7 4 .2 4 .9 2.8 3.4 3 .1
5 4 .0 3.5 3 .3 3 .9 3.0 2 .4



P lo t Tree
number number 1959 1958

Plantation C

15 1 ' 3 . 5 3 . 6
2 if .7 i f .7
3 3 . 7 i f .8
if 3 . 2 if.O
5 3 . 8 3 . 6

16 1 3 . 8 if.O
2 3 . 3 i f . 5
3 3 . 5 i f . l
If if .1 3 . 3
5 i f . 5 i f . 3

17 1 3 . 0 i f . 2
2 3 . 3 3 . 7
3 3 . 3 3 . 5
if if . 0 if.if
5 3 . 6 3 . 9

18 1 3 . 7 3 . 6
2 if.if i f . 5
3 3 . 8 3 . 0
if i f .6 i f . 3
5 3 . 9 3 . 0

19 1 3 . 8 3 . 6
2 3 . 3 3 . 6
3 i f . 3 3 . 2
if 3 . 9 3 . 9
5 i f . 5 i f . 7

10k

1957  1956 1955 195^

, Washington Parish

3 . 5 if-7 3 . 8 3 . 8
3 . 8 3 . 7 3 . 6 i f . 2
i f . l i f .8 3 . 9 i f . l
2 . 9 i f . 3 3 . 5 3 . 8
3 . 9 i f .6 3 . 2 if.if

i f . 2 i f . 2 3 . 0 3 . 2
3 . 6 5 . if 3 . 9 i f . 2
3 . 7 i f . 3 2 .8 i f . 3
i f . 3 3 . 8 3 . 5 i f . l
i f . 2 if-7 3 . 2 i f . l

3 . 8 5 . 1 3 . 8 i f . l
3 . 9 i f . 3 3 . 1 3 . 6
3 . 6 3 . 8 3 . 0 if.O
i f . l i f . 3 3 . 9 i f .6
3 . 5 i f . 3 3 . 7 i f . 7

3 . 3 if.if 1 . 9 2 . 2
i f . 3 3 . 3 2 . 9 2 .9
3 . 9 3 . 2 1 . 8 2 . 2
i f .6 if.if 2 . 9 2 . 9
3 . 2 3 . 6 2 . 8 2 . 7

i f . l 3 . 9 i f . 2 if.O
i f . 2 if.O 3 . 0 3 . 9
3 . if i f . 5 2 . 7 i f . l
3 . 9 if.if 3 . 3 3 . 6
3 . 9 if .6 3 . if 5 . 7
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P lo t Tree
number number 1959 1958 1957 1956 1955 195*1

P lantation  D, LaSalle Parish

20 1 If.2 2 . 3 3 . 6 2 . 8 lf .0 3 . 7
2 If.6 2 . 8 3 . 0 3 . 1 3 . 6 3 . 3
3 If .3 If-.3 lf .0 5 . 1 if .6 3.1+
k 3 . 7 2 . 7 2 . If 3 . 8 if .6 2 . 6
5 3 . 5 3 . 8 3 . 6 If.O 3 . 9 3 . 3

21 1 If.If If.3 3 . 7 *+•9 3 . 5 3 . 8
2 *+.5 3 . 2 I f . l If.O 3 . 2 2 . 7
3 If.o ^•5 if.if i f .6 3 . 9 3 . 9
If 3 . 6 3 . 8 I f . l 3 . 9 i f . 2 3 . 6
5 if.if If.if 3 . 8 I f .3 3 . If 3 . 6

22 1 *+•9 k . 9 *+.7 If-.3 3 . 8 if. 6
2 l f .0 i f . l 2 . 5 if.if If .2 If .2
3 3 . 7 If-.3 3 . 0 i f . 2 3 . 8 i f .8
If 3 . 5 If.6 3.*+ 5 . 9 3 . 8 1+.3
5 l f .0 i f .6 3 . 8 I f . l 3 . 3 If.O

23 1 3 . 2 3 . 7 3 . 5 3 . 7 3 . 8 3 .5 '
2 3 . 6 If .o 3 . 7 if-.3 3 . 1 3 . 2
3 3 . 0 3 . 3 3 . 1 ^ -5 3.k 3 . 7
if 3 . 6 ^ •7 3 . 9 i f . 8 3 . 3 If.o
5 If-.3 3.*+ If.if 3 . 8 3 . 2 3 . 3

2k 1 i f .o If-.3 3 . 1 3 . 9 2 . 3 2 . 1
2 i f . l k . 5 3 . 5 3 . 9 2 . 3 1 . 5
3 if.if 3 . 8 If .3 If .3 2 . 7 1 . 8
If If.O 3 . 9 3 . 6 If.O 2 . 5 2 . If
5 3 . 8 l f .0 I f . l 2 . 5 2 . 9 2 . 1

25 1 3 . 0 3 . 8 3 . 2 4 . 3 3 . 2 If.6
2 i f .o If.if 3 . 1 If .2 3 A I+.5
3 5 . 8 lf .0 if .6 3 . If 5 -0 3 .6
If 3 . 1 3 . 3 k . 9 5 . 5 3 . 6 if .6
5 3 . 1 3 . 5 3 . 7 3 . 7 3 . 9 if.if

26 1 3 . 5 k . 9 3 . 8 If.O 3 . 5 if.if
2 3 . 1 2 . 7 3 . 1 i f . l 3 . 3 3 . 9
3 3 . 6 3 . 9 i f . l if-.7 3 . 3 i f .2
If 3 . 9 3 . 7 lf .0 i f . 8 3 . 6 4 . 0
5 I f . l 3 . 0 If.O If.O 3 . 9 I+.3



P lo t Tree
Lumber number 1959 1958 1957 1956 1955 195^

P la n ta t io n  E, C laiborne P a r ish

27 1 3 . 7 I f . l lf.0 i f . 2 i f . 3 i t . 3
2 3 . 6 I f . l If .3 3 . 8 3 . 8 2 .8
3 I f . l i f . 3 If.if if.if i f . 3 3 . 2
1+ 3 . 7 i t . 5 If.if If .3 3 . 1 2 .8
5 If.if if.if If .3 i f . 7 3 . if 3 . 0

28 1 if. 3 i t . 3 I f . l 3 . 8 3 . 5 2 . 9
2 i f . 7 It. 8 If. 8 3 . 6 2 . If 1 .8
3 3 . 7 If.6 i t . 7 i f . 5 3 . 9 2 . 9
1* if.if i t . 7 i t . 3 I f .5 3 . 5 2 . 9
5 5 . 0 i t . 3 • i f A if .o 3 . 1 2 .0

29 1 5 . 5 3 . 7 i t . 7 If.O 3 . 3 3 . 6
2 5 5 . 2 5 . 8 3 . 7 5 . if i f . 8
3 3 . 7 i t . 3 i t . 3 i f . 5 3 . if 2.6
4 3 . 7 it.8 if.if 3 . if 3 . 6 it.if
5 3 . 7 5 . 8 If .2 If.O 3 . 2 2 . 7

30 1 3 . 5 i f . l 3 . 7 if.O 3 . 1 2 . 7
2 i t . 9 5 . 2 If.6 i f .6 2 . 8 2 . 2
3 3 . if I t . l If.if 3 . 7 3 . 2 3 . 3

if .o if .6 i t . 3 if.O 3 . 3 2 . 1
5 3 . 5 i f . 3 5 . 3 i f . 8 3 . 9 2 . 8

31 1 lf .0 i t . 7 i t . 5 i f . 3 3 . 8 3 . 5
2 i f . 3 i t .6 i f . l i f .6 2 . 9 3 . 7
3 3 . 6 it.if i t . 7 i f . 3 3 . 7 3 . 3
If if.O 3 . 5 3 . 6 if .o 3 . 6 3 . 3
5 3 . 2 i f .7 i f . 2 if.if 2 . 9 3 . 9

32 1 3 . 2 i f . 3 i f . 2 i f . l i f . l 2 . 9
2 3 . 3 i f .2 3 . 9 if.O 3 . 9 3 . 5
3 i f .o 3 . 8 if.O if.O i f . 3 2 . 7
If i f . 2 i f . 3 i f .6 3 . 6 i f . l 2 . 9
5 i f . l 3 . 9 i f . 6 3 . 5 i f . l 2 . 8

33 1 3 . 8 i f . l i t . 5 i t . 5 if.O 3 . 1
2 I f . l i f .6 3 . 9 If .2 lf .0 3 . if
3 I f .3 i f . l i t . 5 3 . 2 i f . 2 3 . 5
If 3 . 1 5 . 1 5 . 0 3 . 9 3 . 8 2 . 6
5 3 . 8 i t . 7 • i t . 3 if.if 2 . 9 2 . 7



APPENDIX D

Monthly P rec ip ita tio n  and Mean Monthly Temperatures a t  the Five Study P lan ta tion s, 1953 Through 1959

P lan tation  A, Beauregard Parish

P rec ip ita tio n  
(In inches)

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. T otal

1953 1.70 6 . 1*0 2.30 10.83 20.10 7 .02 5.79 2.59 0.56 2.00 2.29 10.52 72.10
1954 4 .32 5.06 6 .20 5.30 Ik .  35 0.88 lf.lf5 0.87 1.15 3.33 1.72 1.60 If 9.23
1955 5.97 8 .22 0 .21 6.76 13.59 6 .58 5.08 lif . 01 2.65 1.99 3.58 2.59 71.23
1956 If.8l 95 3.33 3.23 1.27 5 .H 0 .22 1.57 0 .82 2.38 If. 28 15.11 If 7 .08
1957 1.20 3.27 9.53 8 . 1*0 1.71 10 . 1*6 1.17 if. 15 10.00 6 .07 Ilf. If 1 4.84 75.21
1958 3 .6k 3.1*3 2.95 If. 82 3.07 lf.lf8 5.88 8.30 12.71 2.73 lf.3lf 1 .91 58.26
1959 3.87 10.88 1.58 6 .29 3.80 2.85 10.00 if. 76 2.10 3.22 1.05 4.97 55.37
Mean 3 . 6k 6.03 3.73 6 .52 8.27 5.3lf if.66 5.18 If.29 3.10 If. 52 5.93 61.21

Temperature 
(In degrees Fahrenheit)

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Mean

1953 56.1 53.6 6 6 .8 66.0 75.4 82.3 81.3 80 .7 76 .9 68 .8 56.6 49 .7 67 .8
1951* 53.7 59.3 59.6 72.0 71.0 81.6 83.7 84.4 80.2 71 .1 57.8 55.2 69 .1
1955 52.6 55.7 6lf.3 7 0 .if 76 .4 76 .9 80.5 81.5 80 .4 68 .4 58.2 54.0 68 .2
1956 50.5 58.3 62 .1 67.5 76.7 78 .7 83.4 82 .4 78.1 70 .9 57.7 57.4 68.6
1957 53.7 60 .7 58.4 68 . if 7 5 .^ 80.2 83.5 82 .4 74 .9 65.6 60 .0 5i*.9 68 .2
1958 ^9-5 1*8 .8 58.2 68.5 76.0 82.1 83 .1 82 .4 78.6 68 .2 59.7 54.2 66 .8
1959 1*6 .6 51.9 56.7 6 4 .if 75-5 80 . I 81 .3 81.5 78.2 69 .7 54.0 51.5 6 5 .9
Mean 51.8 55.5 60 .9 68 .2 75 .2 80.3 82 .4 82.2 78 .2 69.0 57.7 53.8 67 .8



P lan tation  B, A llen  Parish

P rec ip ita tio n  
(In inches)

Year Jan* Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. T otal

1953 2.53 9.82 4 .61 8.65 22.37 2.64 4 .92 5.20 1.50 1.47 2.90 6.03 72.64
195^ 3.16 0 .34 3.37 5.65 14.20 1.97 4 .43 0.82 2.95 7.02 2.10 2.82 48.83
1955 7.66 11.43 0.53 6.05 9.49 3.68 8 .00 8.80 4.23 1.43 2.17 5.64 69 . l l
1956 3 .72 8.53 8.26 3.06 3.61 3.47 1.55 2.72 1.06 1.47 4.64 13.22 55.31
1957 1 . 1*0 3.05 7.97 9.02 1.16 9.77 5.12 2.11 4.18 6.83 18.25 6.35 75.21
1958 5.33 3.63 4.65 5.56 6 .12 5.48 2 .42 9.60 8.55 2.20 2.86 1.77 58.17
1959 4.25 7.69 2 .97 6 .64 5.54 3.51 6 .0 2 4.26 6 .91 4 .72 2.16 7.08 61.75
Mean 4 .01 6 .36 4 .62 6 .38 8.93 4.36 4 .64 4 .79 4.20 3.59 5.01 6.13 63.00

Temperature
(In degrees Fahrenheit)

Year Jan. Feb. Mar. Apr. May June Ju ly Aug. Sept. Oct. Nov. Dec. Mean

1953 54.2 54.2 6 6 . 1 -- ' 66 .7 76 .2 83.6 82 .0 81.6 78.5 70 .4 56.9 49 .4 68 .3
1954 53.7 59.3 59.6 72.0 71.0 81.6 83 .7 84.4 80 .2 71.1 57.8 55.2 6 9 .1
1955 51.5 53.1 63.5 70.5 77 .2 78 .1 81.3 81.6 80.2 67.6 55.4 53.0 67 .7
1956 49 .1 56.9 59.1 65 .4 75 .9 78.3 83 .7 82.0 76.3 71 .9 57.6 58.2 6 7 .9
1957 53.0 60.5 56.1 67 .4 76.0 69 .8 83.6 .82.2 73.7 66.0 59.1 50.9 67 .3
1958 44 .9 1*6.7 53.6 65 .7 75 .1 81.6 82 .7 80.9 79.0 67 .1 59.6 47 .7 65 .3
1959 47 .2 52.6 57.3 64.6 75.0 79.3 80.5 81.3 77.5 69 .2 53.8 51.4 65 .8
Mean 50.5 54.8 59.3 67.5 75 .2 78 .9 82.5 82.0 77 .9 69.0 57.2 52.3 67 .3

ooo



P lan tation  C,  Washington Parish

P rec ip ita tio n  
(In  inches)

Year Ja n . Feb. Mar. Apr. May June J u ly Aug. S ep t. Oct. Nov. Dec. T o ta l

1953 2 . 1*8 6.61f 5.17 7-59 6.95 9.67 5.97 6 .64 0 .71 0.05 6.36 21.52 79-75
195^ 2.17 2.50 2.57 If. 38 2.31 2.59 11.85 1.36 3.32 6.36 2.53 if.73 1*6.67
1955 5.92 If. 88 0 .22 7.78 3.81f 1.37 3.36 5.49 1.09 1.70 3.30 2.96 lf l.9 1
1956 2.63 7.11 7.10 1.98 6.96 8.80 7 ^ 5 2.37 6 .68 if. 58 2.60 if.l#6 62.72
1957 2.16 3.06 If. 30 6 . 1*8 2.53 If. 82 1.30 3.if3 9.13 2.77 9.22 3.7if 52.9^
1958 4 .64 ^.57 7.86 lf .2lf 11.93 5.W 7 .97 if. 25 3.79 1.37 O.96 1.96 59.02
1959 if .32 7.80 if. 50 If. 21 11 . Ilf 10.13 9.70 7.15 3.55 9-54 3.99 3.91 79.9^
Mean 3.47 5.22 if .53 5.24 6 .52 6 .12 6 .80 if. 38 If.Olf 3.77 If.llf 6 .18 60.42

Temperature 
(In  degrees Fahrenheit)

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Mean

1953 5lf.2 53.3 63 .9 65 .9 76.8 83 .7 81 .2 80.9 76.8 68 .7 56.3 If9.2 67 .6
1954 52.2 56.9 57 .If l l . k 70.2 81.3 82.6 83.5 79.7 68 .8 55.4 50.2 67 .5
1955 50.3 5if.if 63.6 68 . if 77.0 77.3 81 .7 81 . If 79.3 66.6 56.9 52.8 67 .5
1956 k j . 7 58 . if 57.8 65 .1 76.5 78.3 82 .3 81.3 75-4 68.6 58.1 6 l .I f 67 .6
1957 58.9 63.6 60.6 69 .9 76.6 8l .I f 83 .7 81.0 76.0 6if.o 60 .9 54.2 69 .3
1958 1*6 .8 lf7.9 57.6 68 .9 7k.9 8l .I f 82 .5 8l .I f 79.1 66 .8 60.5 1*8 .2 66 .4
1959 1*6.5 53.2 55.9 6lf .6 75.8 79.5 81.0 8l .I f 77.7 7 0 .if 54.9 51.5 66 .0
Mean 50.9 55.4 59.5 67 .7 75-4 80 . If 82 .1 81.6 77.7 67 .7 57.6 52.5 67 .4
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P lantation  D, LaSalle Parish

P rec ip ita tio n  
( in  inches).

Year Ja n . Feb. Mar. Apr. May June Ju ly Aug. Sep t. O ct. Nov. Dec. T o ta l

1953 2.51 7 .k8 7.53 13.11 21.57 1.60 3.05 7.55 O.67 1.95 1.50 7.09 75.61
195k 3.10 1.25 2.93 2 .71 l k . t o 0 .88 2 .71 1.28 3.70 2.18 l .k 9 1.83 38 . k6
1955 5.88 8.21 0 . 9k 8 .32 3.38 3.k9 12.16 6 .k6 1.98 3.38 1.9k 3.52 59.66
1956 2.68 9.53 k.k3 1.16 2.38 2.70 2.86 3.52 0 .39 2 .6k k . lk 9.30 k5.73
1957 3.18 2.86 7 .99 8.38 k .k9 6 .67 5.70 0.56 7.99 5.80 12 . k6 3.51 69.59
1958 Ik  76 ■ k .k l 6.26 8 .02 k.ko 6 .90 8.55 10.25 8 . 7k 2.02 3.92 l . k l 69 .6k
1959 1 . 8k k.87 3.59 7.13 k.70 3.k5 7 .22 k .66 2.20 5 .kk 1.02 6 .7k 52.86
Mean 3 .k 2 5.52 k .8l 6 .98 7.90- 3.67 6 . 0k k .90 3.67 3.3k 3.78 k.77 58.79

Temperature 
(In degrees Fahrenheit)

Year Jan. Feb. Mar. Apr. May June Ju ly Aug. Sept. Oct. Nov. Dec. Mean

1953 52.2 51.6 6 3 .7 6 6 . k 7k. 3 83.3 81 .2 79.2 76.0 67 .3 53.1 k5.6 66 .0
195k k8 .7 5k . 8 55.2 67.6 6 6 .1 80 . k 8k . 3 83.5 80.0 68.6 55.5 51.1 66 .3
1955 k8 .3 50.8 62 .2 69 . k 75 .2 76.6 81 .3 80.5 78.5 65 .7 55 .k 50.6 6 6 .2
1956 I46. I 5k .6 58.0 65 . k 76 .9 78.5 82.6 82.3 76.8 69.5 55.3 55.8 66 .8
1957 50.5 58.7 57 .k 6 7 .2 73.9 79.6 82 .2 81.0 76.0 6k . 0 6 0 .9 5k. 2 69 .3
1958 k k . l k3.5 52.3 65 .9 7k . 2 80 .1 82 .1 80 . k 78.3 67 .2 58.5 k6 .2 6k .k
1959 k5 .2 51.6 56.2 6k . 7 7k. 9 78 .7 80 .9 81 .2 76 .9 68 . k 52.9 50.0 6 5 .1
Mean k7 .9 52.2 57.9 66 .7 73.6 79.6 82.1 81 .2 77.5 67 .2 55.9 50.5 66 .3



P lan tation  E, Claiborne Parish

Year Jan. Feb. Mar. Apr. May

P rec ip ita tio n  
(in  inches)

June July Aug. Sept. Oct. Nov. Dec. Total

1953 4 .59 6 .23 6 .45 9.74 10.49 2.70 3.24 2.97 0 .72 1.14 5.01 6.06 59.34
1954 4.12 1.00 1.68 5.66 5.51 0.86 1.64 0.80 0.55 0.92 4 .39 3.48 30.61
1955 3.36 4 .53 5.96 5.32 8 . 2 9 . 4 .76 9.08 3.78 1 .91 1.35 1.82 2.05 52.21
1956 2.62 7.78 4.36 6.28 2.83 4 .57 1.90 2.66 1.73 2.52 4.33 2.92 44.50
1957 7.53 4.75 3.07 10.55 8.90 7.52 2.92 0 .82 4.38 8 .39 12.87 3.10 74.80
1958 3.74 2.38 3.10 11.73 6 .28 5.09 5.24 4 .04 9,88 0.45 4.23 0 .79 56.95
1959 1.56 4.68 4 .59 4.30 6 .05 7.37 5.66 3.17 3.65 1.87 2.24 5.12 50.26
Mean 3.93 4.48 4 .17 7.65 6 .91 4.70 4 .24 2.61 3.26 2.38 4.98 3.36 52.67

Year Jan. Feb. Mar. Apr.

Temperature 
(in  degrees Fahrenheit)

May June Ju ly  Aug. Sept. Oct. Nov. Dec. Mean

1953 52.8 49.8 62.0 62 .1 73.0 83.7 80 .7 80 .2 77.2 68 .9 55.0 45 .8 6 5 .9
1954 49 .7 56.5 56.2 68 .7 67 .2 81.0 85.3 85.4 79.3 68 .4 55-5 50.9 67 .0
1955 1*6.9 48 .9 60 .1 67 .3 73 .8 74.8 80.6 79.6 77.6 66 .1 54.6 1*6.3 64 .7
1956 45 .9 53.6 55.9 63 .4 74.4 77.8 81 .9 82 .2 75.4 68 .3 55.8 55.0 6 5 .7
1957 1*6 .5 55.8 53.4 62 .7 71.3 77.4 81.3 80.4 72 .9 61 .2 54.3 51.7 6 4 .1
1958 43 .2 42.6 51.4 63 .9 72.6 79.7 81.8 80 .7 76.0 63 .9 57.1 44 .1 63 .1
1959 44.3 50.9 . 55.6 63 .4 74.6 77 .1 79.5 79.5 75.4 65 .3 50.9 48 .9 63 .8
Mean 47.0 51.2 56.4 64.5 72 .4 78.8 81.6 81 .1 76.3 66.0 54.7 49.0 6 4 .9



VITA

Janies W. C u rlin  was born in  Pine B lu ff , A rkansas, October k , 1932. 

S h o rtly  a f t e r  h is  b i r t h  h is  p a ren ts  moved to  S t .  L ouis, M issouri. There 

he a tten d ed  prim ary school and graduated  from suburban Kirkwood High 

School, Kirkwood, M issouri in  1950. Mr. C u rlin  e n ro lle d  th e  same year 

a t  Arkansas A g r ic u ltu ra l  and M echanical C o llege, C ollege H eigh ts, Arkansas 

and m ajored in  f o r e s t r y .  He rece iv ed  h is  B achelor of Science degree in  

19514-. S h o r tly  th e r e a f te r  he e n te re d  the  U.S. Army, served  in  Korea, and 

was re le a s e d  from a c tiv e  du ty  in  1956 .

Mr. C u rlin  worked fo r  K irby Lumber C orpo ra tion , and In te rn a tio n a l  

Paper Company as a  management f o r e s te r  in  Texas and L ouisiana before  

e n ro l l in g  in  th e  graduate program o f th e  School o f F o re s try  and W ild life  

Management a t  L ouisiana S ta te  U n iv e rs ity . He earned  h is  M aster of F o re s try  

degree in  1959 and con tinued  graduate work tow ard a  d o c to ra te  in  the  

L. S. U. Agronomy Departm ent.

Since i 960 , C u rlin  has been employed by the D iv ision  of F o re s try  

Development o f the  Tennessee V a lley  A u th o rity , N o rr is , Tennessee. He i s  

re sp o n sib le  fo r  the D iv ision*s program in  f o r e s t  f e r t i l i z a t i o n  re se a rc h .

Mr. C u rlin  i s  m arried  to  th e  form er P a t r i c ia  Ann Stevens and i s  the  

f a th e r  o f two c h ild re n , Kimberly, 7 years  o ld  and James, 8 months o ld . 

C u rlin  i s  p re s e n tly  a candidate  f o r  the  degree o f Doctor o f Philosophy.



EXAMINATION AND THESIS REPORT

Candidate: James W illiam  Curlin

Major Field: Agronomy

Title of Thesis: E ffe c ts  o f S o il  Moisture on the Height Growth o f S lash  Pine 
(Pinus e l l i o t t i i  Engelm.)

Approved:

M ajor P ro fesso r  and  C hairm an

r4 L
D ean  of th e  G rad uate School

EXAMINING COMMITTEE:

Date of Examination:


	Effects of Soil Moisture on the Height Growth of Slash Pine (Pinus Elliottii, Engelm.).
	Recommended Citation

	00001.tif

