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SUMMARY 1 2 3 4 5 6

1. Equations were f i t t e d  to  the growth data o f 3 spa­
cing t r i a l s  w ith nominal spacings vary in g between 

99 and 2966 per ha.
2. M o r ta lity  in  the th ree t r ia l s  d i f fe r e d  and was cur­

v i l in e a r  ly  re la ted  to  SPH.
3. The S%-index decreased c u rv il in e a r ly  w ith  age but 

in  the densest p lo ts  remained constant from a c e r ­
ta in  age onwards.

4. The Chapman-Richards model was f i t t e d  to  the growth 
data o f each sample p lo t ,  fo r  d iam eter, h eigh t and 
basal area sep a ra te ly .

5. The value o f the parameter m in  the above model is  
zero fo r  diameter and heigh t growth, but re la ted  
to  nominal stems per hectare fo r  basal area .

6. For a l l  th ree growth parameters (d iam eter, height 
and basal a r e a ) , the estim ates fo r  the parameters 
A and k in  the Chapman-Richards equation were r e ­
gressed on nominal stand d en s ity , but con stra in ts  
were introduced to  obtain  estim ates fo r  b.
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7. The growth curves fo r  t o t a l  volume were d erived  from the 
growth curves fo r  basal area and heigh t a f t e r  f i t t i n g  
equations w ith  volume as dependent, basal area and heigh t 
as independent v a r ia b le s . The estim ated MAI1s derived  from 
the volume growth curves in d ica te  the exten t o f  the e f ­
fe c t  o f  i n i t i a l  spacing on MAI and on i t s  age o f culmina­
tio n  .

INTRODUCTION

Between 1937 and 1939 three spacing t r i a l s  were e s ta b lis h ­
ed in  Pinus p in a s te r , to  study the re la t io n s h ip  between in i ­
t i a l  spacing and growth param eters. T r ia l  1 was estab lish ed  
in  the w in te r r a in fa l l  reg ion  o f  the Western Cape Province in 
South A fr ic a ,  t r i a l s  2 and 3 in  the a ll-th e -yea r-rou n d  ra in ­
f a l l  reg ion  in  the coa sta l reg ion  o f  the Southern Cape. Each 
t r i a l  con s isted  o f  a s e r ie s  o f  8 unthinned p lo ts ,  which how­
e ve r , were a l l  es tab lish ed  at the same in i t i a l  d en s ity , c o r re s ­
ponding to  2966, 2842 and 2941 stems per ha in  t r ia l s  1, 2 and 
3 r e s p e c t iv e ly .  In  each t r i a l ,  p lo t  1 was l e f t  unthinned, the 
other 7 p lo ts  were p ro g re ss iv e ly  thinned in  advance o f  com peti­
t io n . The f in a l  nominal d en s it ie s  and ages a t which they were 
obtained are g iven  in  ta b le  1.
TABLE 1: NOMINAL DENSITIES AND AGES AT WHICH THEY ARE OBTAINED

T r ia l  1 T r ia l 2 T r ia l. 3

P lo t SPHnom. Age SPHnom. Age SPHnom. Age

2 1 483 3,0 1 483 3,1 1 483 2,9
3 989 4,1 952 3,1 989 3,2
4 741 4,9 741 4,8 741 4,1
5 494 6,3 494 5,4 494 4,7
6 371 8,1 371 6,5 371 5,7
7 247 9,6 247 8,6 247 6,8
8 99 13,9 127 9,6 124 9,1
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In ad d ition  to  the basic  s e r ie s  o f  8 p lo ts  each t r i a l  
contains 8 to  10 p lo ts  thinned a f t e r  the commencement o f com­
p e t it io n .  A l l  sample p lo ts  were measured up to  35 years in 
t r i a l  1, 24 years in  t r i a l  2, and 44 years in  t r i a l  3.

S%-INDEX AND MORTALITY

H art-Beck ing ' s S%-index, defin ed  as

4 -A -1 
S% = 10 .N *.Ht

where
N = stems per hectare 
Ht = top height

was ca lcu la ted  a t those ages o f  enumeration when a reduction 
to  a lower SPH took p la c e , immediately p r io r  to  the onset o f  
com petition  and regressed  on age. The S%-index decreased lin ea r  
ly  from 61% a t 3 years to  55% a t 10 years . The S%-index va lues, 
at 34 years in  t r i a l  1 and 44 years in  t r i a l  3, represen ting 
regress ion  estim ates w ith nominal SPH as independent va r ia b le
were :

(1) (2) (3) (4) (5) (6) (7) (8)
T r ia l  1 10,3 13,8 16,5 18,8 22,7 26,0 31 ,3 44,2
T r ia l  2 8,2 9,6 10,9 12,1 14,2 16,2 29,2 32,1

Obviously the designed d en s it ie s  in  the experiments have not en 
sured fr e e  growth in  the w idest spacing. The re la t io n sh ip  be­
tween S%-index and age in  p lo ts  1 o f  t r i a l s  1 and 3 is  shown in 
fig u re  1.

In t r i a l  1, the S%-index decreases c u rv il in e a r ly  from 
43,8% a t 4 years to  10,4% at 34 y e a r s . In t r i a l  3, i t  decreases 
from 37,0% at 4 years to  8,9% a t 44 years . The la t t e r  index- 
values can be regarded as the "n a tu ra l" S%-index below which 
s stand, due to  m o rta lity  does not drop. M o r ta lity , expressed
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in  % o f  nominal SPH decreases c u r v i l ie a r ly  w ith decreasing 

stems per ha, in  t r i a l  3 from 62,1% in  p lo t  1 to  5,4% fo r  
p lo t  8. The la t t e r  percentages represen t regress ion  estim ates, 

using SPH as p re d ic to r -v a r ia b le .

F ig . 1
R ela tion sh ip  between 

age and S%-index

10 20 30 40 50

HEIGHT GROWTH

The Chapman-Richards growth model:

Y = A (1-b exp ( - k t ) ) (1-m)

was f i t t e d  to  the observed heights fo r  each p lo t ,  w ith m being 
equal to  zero . In t r i a l  2 the parameter A, represen ting asymp­
t o t ic  h e igh t, decreases c u rv il in e a r ly  w ith  in creasin g  SPH, but 
in  t r i a l s  1 and 3 i t  was not re la ted  to  SPH. In equation 1 
however, the parameter k was re la ted  to  SPH.

BASAL AREA GROWTH * *

The Chapman-Richards growth equation w ith  d i f f e r e n t  values 
o f  fo r  m was f i t t e d  to  the growth data o f  each sample p lo t .  
Those m-values were s e le c ted  g iv in g  the best f i t  fo r  a g iven  
case, i . e .  the sm allest sum o f  res id u a l sum o f squares. The 
growth equation was w r itten  as:

* x
Y = a +By

where

a = A  ̂ m, 8 bA  ̂ m, y = exp. (-k )
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TABLE 2 : FINAL ESTIMATES FOR m, A, b AND k (BASAL AREA)

T r ia l  1

P lo t m A b k

1 0 86,785 1,1846 0,05939
2 0,05 75,046 1,1723 0,05570
3 0,10 68,043 1,1641 0,05356
4 0,15 63,002 1,1581 0,05206
5 0,15 55,882 1,1535 0,05000

6 0,15 50,851 1,1504 0,04859

7 0,20 43,749 1,1444 0,0467

8 0,35 28,563 1,1236 0,04327

T r ia l 2

P lo t m A b k

1 0 60,94 1,17065 0,0638
2 0,05 60,94 1,11964 0,0462

3 0,10 60,94 1,09295 0,0371
4 0,15 60,94 1,0780 0,0327
5 0,15 60,94 1,0672 0,0268
6 0,15 60,94 1,0615 0,0236

7 0,20 60,94 1,0527 0,0202

8 0,35 60,94 1,0377 0,0108

T r ia l 3

P lo t m A b k

1 0,05 94,41 1,2277 0,07877

2 0,15 94,47 1,1798 0,06563

3 0,20 92,20 1,1549 0,05840
4 0,20 89,37 1,1433 0,05368

5 0,25 83,61 1,1227 0,04768

6 0,30 78,30 1,1074 0,04388

7 0,35 69,13 1,0897 0,03910

8 0,40 50,36 1,0653 0,03268
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I t  is  o f in te r e s t  to  note the d i f f e r e n t  trends fo r  the 
parameter A, a steep c u rv ilin e a r  decrease w ith  decreasing SPH 
in t r i a l  1, a le ss  pronounced decrease in  t r i a l  3 and no in f lu ­
ence o f SPH on A in  t r i a l  2, although i t  should be emphasized 
that a mean square fo r  lack o f f i t  ra th er than fo r  e rro r  is  used 
to  te s t  the s ig n ific a n c e  o f  regress ion  c o e f f ic ie n t s .

F igure 2 g iv es  the set o f growth curves fo r  t r i a l  3.

F ig . 2
Set o f  basal area growth 
curves fo r  t r i a l  3

DIAMETER GROWTH

The Chapman-Richards equation w ith  m=0 was f i t t e d  to  the 
s in g le  growth s e r ie s .  The parameters a and y were regressed  on 
SPH a f t e r  which regress ion  equations w ith  age at the time o f 
the f i r s t  reduction  in stem number as independent and c o rre s ­
ponding DBH as dependent v r ia b le  were f i t t e d  fo r  each t r i a l  sepa­
r a te ly .  The growth curves were forced  through the correspon­

ding po in ts  in  these curves. The f in a l  estim ates fo r  A, b and 
k are g iven  in  ta b le  3.

VOLUME GROWTH

An independent assessment o f the volume growth curves, i . e .  
independently o f  those fo r  basal area , was considered undesirable 
because o f  the resu lta n t d is p a r it ie s  between the re su lta n t growth 
curves fo r  basal area and volume r e s p e c t iv e ly .  For th is  reason
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the p lo t  measurements a t d i f fe r e n t  ages, but fo r  a g iven  sample 

p lo t  were used to  f i t  the fo llo w in g  equation :

Y 0 b i + b 1x1 + b2x2 + b3 x3
where

X̂  mean h e igh t; X2 basal area per ha;
X3 = X^.X2 ; Y = volume per ha.

In order to  obtain  the estim ated volume at age i  fo r  the 
i - th  p lo t  o f  the k -th  t r i a l ,  the re le va n t regress ion  equations 
w ith basal area , h eigh t and basalarea x h eigh t as independent 
v a r ia b le s  .to obta in  the estim ated volume at the age o f i  years . 
The re su lta n t growth curves and M AI-estim ates in d ica tes  the ex­
ten t o f  the in flu en ce  o f  i n i t i a l  spacing on MAI and i t s  age o f 
cu lm ination. The re levan t estim ates are presented in  Table 4.

TABLE 3: FINAL ESTIMATES FOR A, b AND k (DIAMETER GROWTH)
T r ia l  1 T r ia l  2

PLOT A b k A b k

1 19,05 1 ,1607 0,09716 16,28 1,0357 0,11213
2 23,92 1 ,2069 0,09995 19,79 1,0627 0,10011
3 27,20 1 ,2146 0,09917 22,80 2,0525 0,09181
4 29,76 1,2252 0,09751 24,85 1,0564 0,08690
5 33,75 1,2403 0,09367 28,85 1,0668 0,07865
6 36,89 1,2335 0,08989 32,32 1,0689 0,07233
7 41 ,88 1,2358 0,08304 38,46 1,0888 0,06290
8 56,22 1,1971 0,06146 52,90 1,0851 0,04560

T r ia l. 3

PLOl' A b k
1 20,51 1,1507 0,12009
2 26,23 1,1615 0,10638
3 30,90 1,1586 0,09697
4 34,89 1,1531 0,08987
5 41 ,64 1,1497 0,07935
6 47,33 1,1430 0,07155
7 46,94 1 ,1257 0,05996
8 76,94 1 ,0469 0,03901
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F ig . 3

Set o f  diameter growth 

curves fo r  t r i a l  3

TABLE 4; MAI AND AGE OF CULMINATION

T r ia l  1 T r ia l 2 T r ia l  3

SPH
Highest
MAI

(m3/ann.)

Age o f 
highest 
MAI

SPH
Highest

MAI
(m3/ann.)

Age of 
highest 
MAI

SPH
Highest

MAI
(m3/ann.)

Age of 
highest 

MAI

2966 14,67 30 2941 11,0 24 2842 30,3 25
1483 10,56 30 1483 8,7 25 1483 24,4 31
989 8,45 30 952 7,8 25 989 21,3 33
741 7,23 31 741 6,7 ? 741 18,4 35
494 5,74 31 494 5,5 ? 494 14,7 33
371 4,81 30 371 4,9 ? 371 11,5 36
247 3,80 32 247 3,9 •? 247 9,1 42
99 1,99 34 127 2,4 •? 124 4,8 43

2 5 4

©Bundesforschungszentrum für Wald, Wien, download unter www.zobodat.at



ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Mitteilungen der forstlichen Bundes-Versuchsanstalt
Wien

Jahr/Year: 1983

Band/Volume: 147_1983

Autor(en)/Author(s): Laar A. van

Artikel/Article: Growth models for spacing trails in Pinus pinaster 247-254

https://www.zobodat.at/publikation_series.php?id=1346
https://www.zobodat.at/publikation_volumes.php?id=42862
https://www.zobodat.at/publikation_articles.php?id=231042

