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ST AND STRUCTURE AND VI ELD 
OF 

SLASH PINE PLANTATIONS 
ON NON- OLD- FIELDS IN EAST TEXAS 

by 

• ..I. 06vi d Lenhflrt 
Profe$$(/r/ Sc!w! ol Forestr r;/ SFASIJ 

A..BSTR!t.CT. A diameter distribut ion yiel d prediction system is presented 

for sl ash Pine ( Pi1111s 8/liottii Engeim.) piantations on non-old-fieids i n 

Eest Texas. The system was developed using data from the initial 

rneesurement of the ETPPRP permanent pl ots in sl ash pine pl antations. 



INTRODUCTION 

Many of the slosh pine pltrntations in East Texos that were 

e~loblbhed on ~ile~ converted from mixed pine-hordwood stonds ore 

approaching possible timber harvest. In order to optimize the timing of 

the hBrvests, information i s needed on the amount of wood per acre 

expected ot various plentotion oges with differing trees per ecre end site 

index volues. If, in addition, the wood per acre cen be predicted on a dbh 

class basis, it would assist the forest manager in assigning different 

stumpage prices to various tree size classes. 

Vv'it1·1 U-1e cornpletion of the initial cycle of measuring the 

permenent plots of the East Texas Pine Plantation Research Project, a 

complete date set wes available for diameter distribution yield pre.diction 

encilysis. 

In thi s report , o method is presented to pre di ct the stand 

$lr 1~ClL 1 r~-11urn t1 ~r ~:ft: ee~: per acre by dti i·: c1es$eS end i ndiv i d ~rnl t ol~l \ r ee 

tieights by dbh classes-and subsequently, u·1e amount of wood per acre by 

dbh closses for slash pine plantations on non-old- fields in East Texas. 

The material in this report was described in a paper presented 

et the Fourth Biennial Southern Silvi cultural Research Conference in 

Atlente, Georgia on November 6, 1986. 



PERMANENT PLOT MEASUREMENTS 

The ETPPRP penrnrnent plots were installed and measured 

during the summers of 1982, 1983 and l 984 by a field crew from the 

School of Forestry at Stephen F. Austin State University. 

Each plot consists of two subplots - one to remoin unthinned 

and the other may eventually receive thinning t reatments (Lenhart et al. 

1985). For our st1md structure trnd yield analysis, the 

to-remain-unthinned subplot was cl assified as the regression subplot, and 

the other subplot was classif ied as the evaluation subplot. The diameter 

di stri bu ti on yi e 1 d pre diction system weis deve 1 oped using the regression 

subplots ernd tested using the evaluation subplots. 

Within a subplot in a plot, each planted pine was measured as 

to dbh - nearest tenth of inch and t otal tree height - nearest foot, 

cmrnng other va 1 ues. 

The observed values available for stand structure analysis 

were: 

2 Stand height - average height of tr1e ten tallest trees (H). 

3. Tot61 number of trees per acre (T). 

4. Number of t r ees per fie re by dbh c 1 ass. 

5. Minimum dbh - (DMIN). 

6. Arithmetic mean dbh - (DMEAN). 

7. Quadratic mean dbh - (DQMEAN). 



A site index (base eige = 25 years) value (S) was predicted for 

eeicl1 p 1 ot using en equeiti on deve 1 oped by Blackard ( 1985a, 1986) ond 

Lenhart et al. ( 1966). 

An exploratory investigeition of fitting the Weibull distribution 

to the observed number of trees per acre by diameter class indicated that 

a regression subplot had to have trees in three dbh classes or more. If two 

dbh classes or less were occupied, the flt ting routines would usually foil 

to find e solution. 

Thus, the number of slash plots aveilable for analysis was 

reduced from 78 to 43. Number of plots by county is shown in Figure 1. 

Di stributions of the 43 plots by age, site index and number of trees per 

acre Eire illustrated in Figures 2-4. 

For the 43 plots, average stand perameters are: 

1. Age = S years. 

2. Height = 27 feet. 

3. Site index = 6 7 feet. 

4. Number of trees per acre = 360. 

5. 1°' • ir.. r c..-. r, n··1· r·,; 1···1 1 J"'r·· d1· ,,.. '"r··p• Pf" - 1 l 1· ,... ,,1·1 eo::-, ' ..... U::J\.:· f •• ' •. ' Ii .JI · ~· '· .... - I. ) I \..- v. 

6. Average aritt-irnetic rnean di arneter = 3.6 inches. 

7. Average quedrntic mean dit:Jtr1eter = 3.7 inches. 

This is a set of young plots on medium productive sites with very wide 

tree speici ng. 
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FIG.@ DISTRIBUTION OF SLASH PINE ETPPRP PLOTS 
UTILIZED IN REGRESSION ANALYSES BY COUNTY. 
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PREDICTING STANO STRUCTURE AND YIELD 

After considering several possible methods of fitting the 

Weibull distribution to the dEitei set, I decided to use the Weibull 

p6rometer recovery procedure deve 1 oped by Burk 1rnd Burkhflrt ( 1984). The 

Burk trnd Burkhart method consist s of: 

1. Using stand values to estimate the minimum diameter, 

which i s the location parnmeter of the Weibull 

di stri bu ti on. 

2. Using stand values to est imate the arithmetic mean 

diameter. 

3. Using stand val ues to estimate the quadratic mean 

diameter. 

4. Obtaining values for the scale and the shape parameters 

of the Weit1ull distributi on through iterative procedures. 

The complete system for predicting the stand structure end 

amount of wood per acre for slash pine plantations in East Texas is 

described in Figure 5. 

Con~put8r sofbvere writ'en in FORTRA.N or E:AS!C 13 0V81 latde 

frorn the ETPPRP to generEite diameter distributions for loblolly pine 

Plemtfltions in EBst Texas showing: 

1. Number of trees per Bcre by diameter class. 

2. Individual tree heights by diameter class. 

3. Volume and weight per acre by diameter class. 



Figure 5. A di~meter distribution yield predi ction system for 
slash pine plantations in East Texas. 

1. Determine: 

e. Number of growing seasons completed since plantation 
es ta bl ishment (A). 

b. Number of surviving trees per acre (T) at that age. 

c. Average total height of ten tallest trees (H) in plantation. If 
unknown, but site index (S) (base age= 25 years) ts known, then 
predict H using: 

H = S(( 1- exp(- 0.0748880 1A))/0.846215)1.4502401 ( 1) 

(This equation was developed by Blackard 1986, 19S5a and Lenhart et al. 1986) 

2. Predict: 

a. Dbh of smallest tree (DMIN) in plantation, using: 

DMIN = -0.22481 + 0.06496H - 0.0012674 lT 
(R2 = 6696) 

If DMIN i s less than 0, DMIN = 0. 

b. Ot;eidrEitic mean dbl1 (DQMEAN) for plentation, using: 

(2) 

DQl1EAN = 1o<1.09600 - i ! .70271 ( 1 /H) -· 0.000162166T) (3) 
.... 

(R'' = 96%) 

c. Arithmetic mean dbh (DMEAN) for plantation, using: 

DMEAN = -0.12272 + 0.99560DQMEAN 
(r2 = 99%) 

(4) 



3. Compute the expected number of trees per acre for the plantation 
using the Weibull distribution. \·1/eibull parameters are "recovered" 
with techniques developed by Burk and Burkhart ( 1984). The recovery 
process is: 

a. Locati on parameter (a) is equal to DMIN (Eq. 2). 

b. Shape parameter (c) is calculated by solving the fallowing 
equet ion: 

(DQMEAN)2 - a2 - 2a(DMEAN - a) 

- (DMEAN - a)2 r( 1 + 2/c)/ R 1 + 1 /c) = 0 (5) 

'lv'here: f = The complete gamma function. 

c. Scale parameter (b) is obtained using: 

b = (DMEAN - a)/ f( 1 + 1 /c) (6) 

Computer software is available to solve Eq. 5 in an interative manner. 

Solve the Weibull distribution to determine the proportion (P) of T 
in each dbh class as: 

\.Yhere: d1 &. du= lower & upper bound of diameter class. 

Computer software can be easi ly devel oped to solve Eq. 7. 

(7) 

~Ultiply each P by T to obtain the expected number of trees per acre (n) 
ln each dbh class. 



4. Predict the totol height (h) of eoch tree with dbh closs mid-point 
dbh (d) (5.0, 6.0, etc.) using: 

h = exp(ln(H) + 0.0045959 - 0. 16604ln(A)(ln(DMAX) - ln(d) 

- 0. 15 1 721 n(H/ A)(l n(DMAX) - l n(d) (B) 

(R2 = 69%) 

Where: DMAX = Dbh of largest tree in plantation. 

(This equation developed by Blackard 1985b, 1986.) 

5. Estimate the content (cubic f eet , green weight, etc.) of t he t ree 
represent ing each dbh c 1 ass mid- point. 

An equation to estimate the cubic feel of wood (CFW) in a slash pine 
plantation in East Texas is: 

cnv = 0.000838d t .ssg735h 1.30 1 gos 

(R2 = 99%) 

(This equation developed by H<ickelt 1986.) 

6. For the slash pine pl antation, we now know: 

e. 11·1e n1.!rnt1er of trees per~ acre (n) for eecr? dbr1 class. 

b. The cutiic feet of wood per tree (CFW) for eacr1 dbh clt:1ss. 

Multiply CFW by n to obtain the cubic feet of wood per acre by dbh 
Class. 

(9) 

Sum the CFW values across all dbh classes to determine the total cubic 
feet of wood per acre. 

By ~elective summing across specified dbh classes, the CFW per acre by 
~anous tree size groups or different products (pulp, cl'lip-n-saw, 
umber, Plywood, etc.) can be calculated. 



EVALUAT ION 

The diameter distribution yield prediction system was 

evaluflted using both the regression find evflluation subplots. 

Regression SubQlots. Plottings of the 43 residuals (predicted -

observed vo 1 ume) over stand p6rameters indicated underesti m6t ion on the 

older subplots. Plot of predicted volume over observed volume is shown in 

Fi gure 6. The underestim6tion on the higher volume subplots is evident. If 

only the 38 subplots with volume of 900 cubic feet per ocre or less ore 

considered, the system predicts in an unbiesed menner. 

Evciluetion SuQlot s. In contrnst to the regression subplot5, 

plottings of the 43 residu6ls from the evaluation subplots over stand 

parameters indiceted no bi es or adverse trends. Figure 7 shows a plot of 

predicted volume over observed volume. If the three higher volume 

sutiplots are excluded> the ave.rage differ-ence is only -13 cubic feet. 

A detailed look at the ability of the yield prediction system to 

Predict tr1e number of trees per acre by dbh cl6ss and cubic feet of wood 

~·~r ocn:- by dbh cl of~• i~; pn::::;entr!d for slfl::.h eva1u:::tiCin -::ubplot 003 i n 

Figures 8 and 9. Tt·1e predi cted trees per acre by dbt·1 cless match the 

Observed trees per 6Cre by dbh class very well, while the prediction of 

cubic feet of wood shows overpredi ct ion and underpredi ct ion. 
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APPLICATION 

An exomple of o set of yield curves is presented in Figure 10. 

Using the diameter distribution yield predicUon system described in this 

report, the predicted cubic feet of wood per acre were genernted using 

several combinations of site index and age, while holding surviving trees 

per acre constant. No information on stand structure is provided in Figure 

10. 

To demonstrate the ability of the system to pre di ct details of 

the stand structure, as well as yield, the eleven tables following Figure 10 

present information describing stands for site index value 70 and 

surviving trees per ocre of 400. Pl antation age varies from 4 lo 24 years 

by 2 year increments. For each table, stand structure is described on a 

diorneter class basis. The number of trees per acre, bE1s6l area, tree 

heights and four measures of yield are listed by diameter classes. 

Stand structure information pro vi des o fore st manager the 

opportunity to determine the size chorncteri sli cs of his p 1 anted trees and, 

thus, set different stumpage prices according to the expected tree 

l1li 1 i z~u on. 
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* SITE INDEX = 70 FEET {INDEX AGE = 25 YRS) * 
* TIA = 400 SURVIVING AT AGE 4 * 
********************** ** ********** ***** ******* 

THREE PREDICTED PLANTATION CHARACTERISTICS ARE ••• 
- - 1 )_ A VE R A G E I l EI G HT 0 F T E N T A L LE S T T R E E S = 1 3 F E E T. 

2) ARITHMETIC MEAN DBH = 1.2 INCHES. 
3) ~UADR!\TIC MEAN DBH = 1.4 INCHES . 

------------------------ PER ACRE VALUES ---- ------·--- ------ ------
STRUCTURE V, OL UME & WEIGHT - TOTAL STEM 

---- ---------------- ---------------- --------------
AVG woo 0 (> 8 ARK WOOD 0 ML Y " 
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* AGE = ~O YEARS SINCE ESTABLISHMENT * 
* S I TE INDEX = 70 FEET ( INDEX AG E = 25 YRS) * 
* Tl/\ = 400 SURVIVING AT /\GE 10 * 
***** ******* *** **** *** ******* ****** * *** ***** ** 

THREE PREDICTED PLANTATION CHARACTERIST I CS ARE •• • 
- 1 )_ AVERAGE HEIGHT OF TEN TALLEST TREES = 35 FEET. 

2) ARITHME T IC MEAN DBH = 4 . 8 INCHES . 
3) QUADRATIC MEAN DOH = 5 . 0 INCHES . 

~-

------------------------ PER AC RE Vf..LUES ---- ---------------------
S TfWC TURF. VOLUME & WE I GH T - TOTAL STEM 

-------------------- ------------------------------
AVG WOOD & BARK WOOD 0 NL Y 
I ND. -------------- -- - - -·- - - - - -- - -

NU i18 ER BASAL TR EE GREEN DRY 
DBH OF fl. REA HT VQLUt" E WE I GH T VO L U'1E 1..JEIGHT DSH 

( lN) T RE ES CS QFT) (FT) C ~ LJFT) <L BS ) CC LJ FT) <LBS) C IN) 
------ ------ -- -- -- ------ - - - - - -· ------

1 0 0 0 0 0 J 0 1 
2 7 0 1 6 1 4 1 1 24 2 
3 49 2 20 24 6 1 6 1 6 484 3 
4 10 6 9 24 1 1 0 235 4 73 2282 4 
5 1 2 .s 17 27 21 9 4122 1 50 4 702 5 
6 8 1 16 30 226 384 4 1 59 5008 6 
7 29 8 33 120 1 861 86 2714 7 
8 ) 2 35 28 40 4 20 650 8 
9 0 0 0 0 0 0 0 9 , 0 

0 [) n (I [j 0 n 1 0 
~ 1 c 0 ;) r. ' ;i n 1 1 
I 2 

.) 

n u 0 u c J u 0 1 2 

1l. 
I. • n r. Ct J J J 1 J 

1 ~ 0 0 (j (I Cl 0 '.) 1 4 .. 
tJ 0 n n u 0 0 1 5 

TOTAL ------ - --- -- -- - - - - ----- - --- - -·-· ------
400 5 If 72 8 1 3242 505 15864 -------- . ---------------------------------- ------------------ ------
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PRED ICTED 
STAl\JO STRUCT'HE 
PLUS 
VOLUME AND WEIGHT PER ACRE BY DBH CLASS 

FOR 
SLA Sll Pl.NE PLANTA T ! t) IJS 

~l 0 ~J - 0 L D - F 1 E L 1) S 

EAST TEXAS 

* AGE = 12 YEARS SINCE ESTABLISHMENT * 
* SITE INDEX = 70 FEET CINDF.X AGE = 25 YRS) * 
* TIA = 400 SURVI V I NG AT A GE 12 * 
******* *************************************** 

THREE PREDI.CTED PLANTATION CHARACTERISTICS ARE • •• 
~------ _1) _.AVER.AGE_ HEIGHT.- OF -TEN TAL L EST T REES = 42 FEET. 

2) ARITHMETIC MEAN DBH = 5 . 5 INCHES . 
3) QUADRATIC MEAN DBH = 5 . 7 INCHES . 

- - - ---

-------- ---------------- PER ACRE V:\LUES -------------------------
STRUCTURE VOLUME & \JEI GHT - TOTAL STEM 

-------------------- ------------------------------· -
AVG WOOD ~ BARK WOOD 0 NL Y 
rn D. -- -- -------- -- --------- -----

- _ NUMB ER E:l ASAL TREE GR EE N DR Y 
DBH OF AREA HT VOLUME WEIGHT VOLU''1E' ..J EIGHT DBH 

CI N) T REF: S (SQFT) (FT> (CUFT) (LBS ) ( CUFT> <L BS ) (IN> 
---- -- ------ - -·---- - ---- - - ---- - ----- -

1 0 0 0 0 0 0 0 1 
2 1 0 1 7 n 6 · 0 4 2 
3 2 1 1 22 1 2 29 8 8 234 3 
4 69 6 26 79 ~b 94 53 1 646 4 
5 11 1 1 5 30 224 42 4 6 155 4 8 5 5 5 
6 107 21 33 33 5 572 3 ?. 38 7472 6 
7 63 1 7 36 28 8 450 9 209 6589 7 
8 22 8 39 14 0 20 3 9 104 3284 8 
9 4 2 42 34 46 8 ?. 6 821 9 

1D 0 0 0 0 Q 0 0 1 0 
• 1 

IJ v ,... r. d 0 0 1 1 
1 2 

.. 
13 

LJ lJ (J ~ •.J '.) ) 1 2 
:J 0 0 0 IJ 0 '.) 1 3 

i '• u 0 n n u 0 J 1 4 
1 5 

0 0 fj 0 Cl Cl 0 1 5 

TOTAL ------ -----·- ---- -- ----- - -- ----· - ---- -
400 70 1, 11 2 1898 3 793 24 905 -------------------------------------------------------------- ----
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FOR 
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STfl~li> ~TRUCTURE 

PL lJ S 
VOLlJ'\E l\ND \.JEIGHT PER ACRE SY DBH CLASS 

S LI\ !> i l P 1 NE t=' L A N TA TI 0 r~ S 

'l;O~J - OLD- FI EL;)S 

EAST TC:<AS 

* AGE = 16 YEARS SINCE ESTABLISHMENT * 
* SITE INDEX = 70 FEET (INDF.X AGE = 25 YRS) * 
* TI A = 400 SURVIVING AT AGE 16 * 
******* *** ** ********* ** ****** ************** *** 

THREE PREDICTED PLANTATION CHARACTERISTICS ARE ••• 
1 ) --A VE R A G E H EI G HT 0 F T E N T A L L E ST - T R E E S = -5 3 F E E T • 
2) ARITHMETIC MEAN DGH = 6.3 INCHES. 
3) QUADRATIC MEAN DBH = 6 . 5 INC HES . 

------------------------ PER ACRE Vi\ LU ES --------------- ----------
STRUCTURE \{OLUME & WE I GH T - TOTAL STEM 

-------------------- --·-- ------- -- --- -----·- ·- ·-- ---- -
AVG \~00 D ~ BARK WOOD ONLY 
IND . ---- ----- ---- - --------- -----

:~UMBER 8ASAL TR EE GR t: E r~ DRY 
DBH OF I\ RE A HT VO L U MC: WE I GH T VOLU'1E wEIGHT D9H 

( IN) TREES (SQFT) (FT) (CUFT) <Las> CCUFT) < L 8 S > ( I;~) 

------ ------ --·-- -- ----- - --- ---· ------
1 0 0 n 0 0 0 0 1 
2 0 0 0 0 d 0 0 2 
3 4 Q 23 2 60 2 47 3 
4 35 3 2 8 44 94 3 30 91 8 4 
s 80 11 32 1 7 4 331 9 1 22 3800 5 
6 107 21 36 37 1 6.3 8 3 267 8351 6 
7 94 25 40 4 p. 7 768 0 358 11 24 s 7 
8 54 1 9 43 38 7 5 65., 290 913 1 8 
9 20 9 47 196 269 3 150 4738 9 

1 n 5 3 sn I, L, 824 49 1566 1 0 , 1 
I ,.. "? 1 A 1 :) 0 1 3 l. 04 1 1 

1 2 
,) > 

lJ 
,, • Q J 0 J 1 2 

i 3 
,,, u 

0 u n 0 "' 0 Q 1 3 
1 4 u 

1 5 
0 a ') 0 Q a ') 1 4 
0 0 n 0 lJ 0 0 1 5 

TOTAL ------ -- ---- ------ ----- - -------· ------
40U 92 174 1 2775 7 1281 4020 1 -- < ---------------------------------------------------- ----------- -
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PREDICT!:D 

F O R 
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STAND STRUCTURE 
PLUS 
VOLUME ~ND W~IGHT PER ACRE DY DBH CLASS 

SLASH PIN E PLANTATluNS 
. 

1-:0N -OLD- FI Elf)S 

EAST TEXAS 

******* * ****************~****~**************** 
* AGE = 22 YEARS SINCE ESTABLISHMENT * 
* SITE INDEX = 70 FEET (IND EX AGE = 25 YRS) * 
* TIA = 400 SUR VIV ING AT AGE 22 * 
*****~********* **** *************************** 

THREE PREDICTE D PLANTATION CHARACTERISTICS ARF •• • 
l) AVERAGE . HEI GH T OF - TEN TALLEST . TR EES = 65 - F-EET . 
2) ARITHMETIC MEAN DRH = 6 . 9 INCHES . 
3) QUADRATIC MEAN DBfl = 7.1 Il~CHES . 

-------- ---- ------------ PER ACRE VA LU ES - --- -----·- ·--- -- ------ ----
STRUCTURE ~ 0 L U r~ !:: & WE I G H T - T 0 T A L ST EM 

AVG WOOD (> 
~ 8 ARK WOOD ONLY 

IN D. ---- ---------- --- - - - ·- - - - - - - -
NUMB.ER BASAL TREE GREEN DRY 

DBH OF AREA HT VOLU~iE WE I GH T VOLUME 1..JEIGHT DOH 
C IN) TREES CS QFT) (FT) (C U FT> (LB S ) CCUFT) (L BS) (IN) 

------ ------ ------ ------ - --- --· ------
1 0 0 0 0 u 0 0 1 
2 LI 0 0 0 d a 0 2 
3 0 0 n (J G 0 0 3 
4 1 3 1 31 1 3 39 3 13 38 8 4 
5 56 8 36 140 2693 99 3092 5 
6 94 1 8 41 380 660 2 277 8662 6 
7 1 a 1 27 45 601 956 7 448 14 04 5 7 
8 75 26 50 64 2 94 9 5 489 15376 8 
9 40 1 3 54 46 3 641 0 359 11 31 5 9 

1 0 1 ) :3 5R 2 2 ~ ?.9 7 ;., nm 5 6 7 R. 1 f) 
11 '· 3 

, .., 7 P. 'Y6 6 6~ 1 Q7 6 1 1 (.)I. 

i 2 1 i 65 2 L. 20 4 28 61? 1 2 
13 J 0 0 n 0 0 '.) 1 3 , 4 

1) 0 0 0 0 0 Q 1 4 
1 5 

.J fJ () 0 0 0 0 1 5 

TOTAL 
------ - ----- ---- -- ------ - -----· --- ---

400 11 0 2 574 3939 3 19 47 61152 ------------------------------------------------------------------
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ON RESEARCH CO Ni DUC TED IN THE 
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