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Yield J Unmanaged S l a ~ h  pine Standd 

in S k t h  3lorida 

by 

0. Gordon Langdon 

Predictions of future t imber yields a r e  necessary  f o r  formulating man- 
agement plans and for  comparing t imber growing with alternative land uses.  
One useful tool f o r  making these predictions is a set  of yield tables. 

Timber  growth and yield information for  south Florida has been lacking; 
consequently, the forest  productive potential has  been largely an unknown 
quantity. Owners of the 7.9 million a c r e s  of commercial  fores t  land in south 
Florida were  necessari ly forced to base management decisions of land use on 
very scanty fores t ry  information. As young natural  stands have become e s -  
tablished and a s  general  interest  in fo res t ry  and t r e e  planting has  developed, 
the demand f o r  growth and yield data has increased.  This  paper is published 
to f i l l  this c r i t ica l  need until more  complete data a r e  collected f o r  both man- 
aged and unmanaged stands. 

STUDY PROCEDURE 

The initial measurements of 90 permanent plots in a s l a sh  pine growth 
study provided the basic data used in compiling the tables and graphs con- 
tained in this report.  These plots were established in stands varying in age 
f rom 8 to 61  years ,  in s i t e  index (based on age 25) f rom 30 to 77, and in 
stand density index f rom 26 to 321. 

Field Work 

1 Circular ,  a -ac re  plots were used with a 33-foot border  s t r i p  having the 
same  stand density a s  the plot itself. Pure ,  even-aged stands were  required 
with not more  than 25 percent of the stand composed of other  species.  T r e e s  
had to be evenly distributed before an a r e a  was selected for  a plot; s tands 
with appreciable clustering were  not admitted. Stands could not show evidence 
of seve re  d isease  o r  insect  attack o r  cutting within the past  5 years .  

Measurements on the plot included a diameter  tally and a crown classi-  
fication of a l l  t rees .  Height and age were  obtained f rom sample  t r ees  
selected f rom each diameter  class. A height-diameter curve was drawn f o r  
each plot and used to determine the average t r e e  height by d iameter  c lasses .  

Study Areas  

Plots  were  established in Collier,  Hendry, Lee, Polk, Citrus,  Hernando, 
Sumter,  and Pasco Counties, Florida. Cooperators contributed land f o r  the 
plots, help in locating and establishing the plots, and supervision in the cutting. 



The  topography of the study a r e a  is fo r  the most  p a r t  ve ry  f la t ,  s u r f a c e  
drainage is poor,  and ground water  levels  a r e  usually within 4 feet of the so i l  
sur face .  Soils on the plots were  classified in the following s e r i e s :  Broward,  
Charlotte,  Fe lda ,  Immokalee, Ker i ,  Leon, Ona, Pompano, and Sunniland; 
s e v e r a l  o the r s  could not be classified. 

P lo t  Summar ie s  

Average plot age and total  height were  based on a sample  of dominant 
and codominant t r ee s .  These  averages  were  in  turn  used to de te rmine  s i t e  
index f r o m  the curves  der ived  a s  descr ibed in a l a t e r  section. Measu res  of 
s tand density,  such as number  of t r e e s ,  basa l  a r e a ,  and Reineke's (3) stand 
density index, were  calcu1ated.d Reineke 's  curves  were  used in  this  study 
(fig. I ) ,  and the relat ion of s tand density index to average  s tand d iameter ,  
basa l  a r e a ,  and number of t r e e s  p e r  a c r e  is shown in table l.a Average 
s tand  d i ame te r  was determined f r o m  the t r e e  of average  basa l  a r ea .  

Plot  volumes in merchantable  cubic feet  and board feet  (a-inch Inter-  
national Rule) p e r  a c r e  were  calculated by 2-inch d i ame te r  c l a s se s  f o r  
threshold d i ame te r s  of 4.5 and 9.0 inches d.b. h. The volume tables  f o r  
South F lo r ida  s l a sh  pine (1) were  used to  de te rmine  t r e e  volumes (table 2). - 

Statis t ical  Analysis 

Multiple r eg re s s ion  methods were  used in  the analysis  of the plot data  
to de te rmine  the relat ion of the volume yield to s tand age, s i t e  index, s tand . 

density index, and the i r  interact ions.  The  Schumacher (4) equation f o r m  f o r  - 
these yields  was: 

Log Y = b o + b l  X i  + b2 X2 + b g  X3 + b q X q +  bg X5 + b e  Xg 

where,  Log Y = Logari thm of yield in  merchantable  cubic feet o r  
board feet 

1 X I  = 
Average s tand age  ( A )  

X2 = Site index a t  age 25 (SI) 

X3 = Stand density index (SDI) 

b with subscr ip ts  = coefficients der ived f rom the da ta  

L/ Reineke's stand density index was used a s  a measure of stand density rather than basal area 
because a statistical test showed it to account for more variation. Other measures of stand density not 
tested might have served a s  well as  the one chosen. 

2/ All tables referred to in the text appear in the Appendix. 



F i g u r e  1. - -Re ineke ' s  s tand densi ty  index c u r v e s .  

All  possible  combinations ( 6 3  in  a l l )  of r eg re s s ions  with the variables  
were  not considered in  this analysis.  The selection and o r d e r  of f i t t ing the 
var iab les  was determined by the contribution of the variables  to the res idua l  
s u m  of squares .  The variable  that accounted for  the most  var iat ion in  a given 
s t e p  of the analysis  was removed in that step. The variables  in  the four  
equations presented  in  this  paper  a r e  l is ted in a descending o r d e r  of f i t .  
Curvi l ineari ty  was tested by plotting the res idua ls  (Log Y - Log ?) ove r  each  
of the variables .  



RELA TED STUDIES 

Site Index Curves 

New s i t e  index curves  fo r  South F lor ida  s l a sh  pine were  constructed 
f rom data  collected on the growth plots (2). This  was  neces sa ry  because  
existing s l a sh  pine s i t e  index curves ,  based e i ther  on data  f r o m  the en t i r e  
range  of both var ie t ies  of s l a sh  pine o r  f rom only a portion of the range  of 
the northern variety of s l a sh ,  differed significantly f rom the new curves .  

The l inear  r eg re s s ion  computed was:  

Logari thm of total  height = 1.88 1 - 4.628 

and expressed  in t e r m s  of s i t e  index a t  age 2 5  it became 

Logari thm of s i t e  index = Logari thm of total  height 

The s e t  of s i t e  index curves  in  f igure 2 was derived f r o m  this  equation. 

10 2 0 3 0 40 5 0 60 70 8 C 
A G E  ( Y E A R S )  

F i g u r e  2. - -Si te  index curves a t  index a g e  of 25 y e a r s  for s l a s h  p ine  in south  F l o r i d a .  
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Independent height-age data  collected by the F o r e s t  Survey f r o m  plots 
in 22  southern counties of south F lor ida  were  tested against  the data  f r o m  

I 
7 

this  study. The r eg res s ion  coefficients f rom the two s e t s  of data  were  not 
significantly different.  I 

Volume Tables  

New volume tables ( tables  2 and 3)  were  compiled f o r  u s e  in  this yield 
s tudy (1) because tables  based on South F lor ida  s l a s h  pine da ta  were  not 

i 

available and o ther  existing volume tables  were  inaccurate .  1 

The volume tables  w e r e  developed f r o m  measu remen t s  of 51 pulpwood- 
s i z e  t r e e s  (4.5 to 10.9 inches d. b. h. ) and 80 t r e e s  of saw-log s i z e  (9.0 to 22.4 
inches d. b. h. ). The minimum top d i ame te r  l imi t s  were  3.5 inches inside 
bark f o r  pulpwood and 7.5 inches inside ba rk  fo r  saw logs. The minimum 
s i z e  for a saw-log t r e e  was 9.0 inches d. b. h. with one 16-foot log. The t r e e s  
measu red  were  f r o m  a sample  not associated with the yield plots and were  
se lec ted  to cover  the range  of s i t e  conditions, fo rm,  and t r e e  s i z e s  found in 
south Florida. 

The volume tables  were  prepared  by r eg res s ion  methods using the 
genera l  formula:  V = bo + b 1 ~ 2 ~ ,  where V = t r e e  volume, D = d iame te r  
b r e a s t  height, and H = total  t r e e  height. 

STUDY RESULTS 

Yields w e r e  computed f o r :  ( 1) Total merchantable  cubic-foot volume 
(including both pulpwood a n d l o r  s aw logs);  ( 2 )  saw log cubic-foot volume; and 
(3) saw log board-foot volume by the a- inch International Rule. A fourth 
analysis  est imated average  s tand d i ame te r  f rom stand age, s i t e  index, and 
s tand density index. 

Yield and Growth 

The prediction equation f o r  total  merchantable  cubic-foot yield was: 
A 

Log Y1 = 3.70240 - 37.861 SI ( )  + 0.38828 (A) 
S DI + 0.03337 (Equation 1) - 

h 

where Log Y1 = logari thm of yield in cubic feet outside b a r k  f o r  
t r e e s  4.5 inches d. b. h. and l a r g e r  to a minimum 
top d i ame te r  l imi t  of 3.5 inches inside bark.  

The variables  in this  equation were  a l l  highly significant,  and together 
accounted f o r  90.5 percent  of the variation about the mean. The o ther  var i -  
ab les  tes ted did not significantly improve  this  yield es t imate .  

The r eg res s ion  showed that total  merchantable  yield var ied  with in- 
c r eas ing  age and with the r a t i o s  of s i t e  index to age  and s tand densi ty  index 
to  age. These  yields  w e r e  tabulated f o r  age, s i t e  index, and s tand density 
index c l a s se s  (table 4). 



- - - -- - - - - -- - - .- - - -- . - 

Total merchantable mean annual growth for  merchantable cubic-foot 
volumes was computed from the yield prediction equation (table 5). Mean 
annual growth generally culminates later on poorer si tes and for any one 
given si te later in the lower stand densities. 

Cubic- and board-foot equations were developed to  determine the yield 
of the saw-log portion of the stand. These equations showed that yields of 
saw-log material increase with decreasing stand density. This apparent 
paradox, although reasonable f o r  stands with an average diameter below the 
9-inch threshold, i s  not compatible with the growth of stands whose average 
diameters a r e  well above this threshold. Therefore, these equations a r e  not 
presented, but instead two tables (tables 6 and 7) a r e  included using the aver- 
age stocking encountered in this study (stand density index class 200). Table 6 
shows the proportion of the merchantable yield in saw-log sizes, and table 7 
shows the board-foot yields. 

The board- foot :cubic- foot ratio of the saw- log volume was calculated 
(fig. 31, and i s  useful in comparing sawtimber and pulpwood stumpage values. 

Figure 3. --Freehand curve showing board-foot:cubic-foot ratio by 
stand volume in  board feet. 
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Average Stand Diame te r  
. 

The  effects of age, s i t e  index, and stand density index on average  s tand  
d iameter  f o r  unmanaged s l a s h  pine s tands  w e r e  examined, and the following 

I 

r eg re s s ion  express ing  this relat ionship was derived: 
SI Log 8, = 6.50085 - 0.66896 ( ) + 1.02364 [ z ) 

- -f \ A /  \ I U  I 

- 1.13411 (Equation - 2) 

where Log y4 = average  s tand d iameter  in inches a t  b r e a s t  height.  

All  of these var iab les  were  highly significant and together accounted f o r  72.6 
percent  of the total  var iat ion about the mean. Table 8 shows the tabulated 
r e su l t s  that were  computed f rom the above equation. 
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Appendix 

USE OF TABLES AND FIGURES 

The tables and figures contained in this paper may be used to estimate 
stand volume, size, and condition. For  example, a 40-year-old stand on a 
site index of 50 with a stand density index of 200 would, according to the 
estimates contained in the cited tables and figures, have the following char- 
acteristics on a per-acre basis: 

Characteristics Table 

Total merchantable cubic -foot volume - -2560 cubic feet 4 
Mean annual growth--64 cubic feet at 40 years of age 5 
Proportion of merchantable stand volume in saw -log 

sizes --40 percent, o r  1024 cubic feet in saw-log 
volume 6 

Board-foot volume --2820 board feet 7 
Average stand diameter- -7.7 inches d. b. h. 8 
Number of trees--310 1 
Basal area--99 square feet 1 

Figure 

Average height of dominant and codominant--59 feet 
Board-foot:cubic -foot ratio - -2.5 



Table 1 .  --Relation of stand density index to average stand diameter. 
trees per acre, and basal area per acre 

Inches Number Square feet 

Stand density 
index 

Average stand 
d. b. h. 

' Basal area 
Trees per acre per acre 



Table 2. --Merchantable cubic-foot volume, outside bark, for  South Florida slash pine, 
by diameter and total t ree  height U 

D. b. h. Total height (feet) 
(Inches) 

30 1 35 1 40 1 45 1 50 1 55 1 60 1 65 1 70 I 75 I 8 0 85 90 

L1 Tabular values fo r  the 5- to  10-inch d. b. h. classes from equation: 

V = 0.00284 D~ H - 0.44; standard e r r o r  of mean = ? 0.11 cu. ft. o r  f 1.19 percent; 
Coefficient of determination = 98.37 percent. 

Tabular values fo r  the 11- to 22-inch d. b. h. classes from equation: 

V = 0.00264 D~ H + 0.81; standard e r r o r  of mean = 0.38 cu. ft. o r  f 0.97 percent; 
Coefficient of determination = 97.70 percent. 

Table 3. --Board-foot volume ($-inch International Rule) for  South Florida slash pine, 
by diameter and total t ree  height 

D. b. h. Total height (feet) 
(Inches) 40 4 5 5 0 55 6 0 6 5 70 75 8 0 8 5 90 

11 Tabular values from equation: V = 0.017 1 D~ H - 56.0; standard e r r o r  of mean = + 2.5 bd. ft. - 
o r  1.29 percent; coefficient of determination = 97.63 percent. 

- l o  - 



Table 4. --~erchantable1-I cubic-foot volume yields Zlfor slash pine stands in south Florida 

Site Stand Age (years) 
index density 

(Age 25) index 1 2 0 2 5 3 0 35 40 45 50  55 6 0  

- - - - - - - - - - - - - -  - Cubic feet per acre (0 b ) - - - - - - - - - - - - - - . . i 

U Includes merchantable cubic-foot volume of all trees 4.5 inches d. b. h. and larger to a top 
diameter of 3.5 inches inside bark. 

21 Tabular values from equation 1. - 
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Table 5. --Mean annual growthl /  for slash pine stands in south Florida 

Site Stand Age (years) 
index density 

(Age 25) index 15 1 2 0 2 5 3 0 3 5 40 4 5 5 0 5 5 6 0 

11 Includes merchantable cubic-foot volume of al l  t r ees  4.5 inches d. b. h. and larger  to  a top - 
diameter of 3.5 inches inside bark. Computed from data in table 4. 

Table 6. --Proportion of merchantable stand volume in saw log sizes11 for slash pine in south Florida 

Site Stand Age (years) 
index density 

(Age 25) index 15 2 0 25 30 3 5 4 0 45 50 5 5 60 

11 The minimum saw-log size t ree  was 9.0 inches d.b.h. with one 16-foot log. - 



Table 7. --Board-foot yields for slash pine stands in south ~ l o r i d a l l  

Site Stand Age (years) 
index density 

(Age 25) index 15 2 0 25 3 0 35 40 45 50 55 60 

- - - - - - - - - - Board feet per  acre ( f  -inch International Rule) - - - - - - - - - - 

1 I The minimum saw -log size t ree was 9.0  inches d. b. h. with one 16 -foot log. - 

Table 8. --Average stand diameter breast height for slash pine stands in south   lor id all 

Site Stand Age (years) 
index density 

(Age 25) index 15 20 2 5 30 35 4 0 4 5  5 0 5 5 6 0 

I /  Tabular values from equation 2.  - 
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