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ABSTRACT - A pruning trial (study 6-60) was established in a 3.5 year old P. patula 
plantation in the department of Risaralda, Colombia. The four treatments were 0, 30, 50 and 
70 percent removal of the live crown. Initially, height and diameter growth were reduced 
following pruning. Four and half years after pruning, volume growth had recovered except 
in the most severe pruning treatment (70%). In this treatment, the mortality was much 
higher (32%) than in other lighter pruning regimes which had a mortality rate of 
approximately 20% during the 4.5 year period. The volume per hectare of the heavy 
pruning treatment was 40% less than the light pruning treatment which removed 30% of the 
live crown. Pruning included removal of multiple stems, and, therefore, there were fewer 
forked trees in all pruning treatments compared with the control treatment, 4.5 years after 
the establishment of the trial. These results indicated that light pruning of P. patula can be 
performed without reducing wood production while improving access to plantations are 
reducing fire hazard. 
 
RESUMO – O ensaio de poda (estudo 6-60) foi efetuado num plantio de P. patula com 3.5 
anos de idade, no estado de Risaralda, Colômbia. Foram feitos 4 tratamentos: 0, 30, 50 e 
70% de eliminação de copa verde. No início, a altura e o crescimento do diâmetro foram 
reduzidos. Após 4.5 anos de poda, o volume de crescimento recuperou-se com exceção do 
tratamento onde a poda foi mais severa (70%). Neste tratamento a mortalidade foi mais alta 
(32%) do que naqueles com desrama menos intensa, onde o índice de mortalidade foi cerca 
de 20% no período de 4.5 anos. O volume nas parcelas onde ocorreu a poda mais severa foi 
40% menor do que naquelas onde se eliminou 30% da copa verde. A poda incluiu a 
eliminação de caules bifurcados e trifurcados, ocasionando menor incidênica de árvores  
bifurcadas em todos os tratamentos quando comparados à testemunha 4.5 anos depois, 
Estes resultados indicam que é possível a execução da poda suave no P. patula sem 
qualquer problema em termos de redução na produção de madeira e, ao mesmo tempo, 
facilita o acesso aos talhões e reduz os riscos de incêndio. 
 

INTRODUCTION 
 
 Pruning of pine is usually performed to improve the quality of wood for sawn 
lumber. However, at Smufit Cartón de Colombia (SCC) where the main product is wood 
for pulp, pruning is carried out to reduce fire hazard, improve access to stands, and to 
facilitate thinning and final harvesting. Also, in many pine plantations in the tropics, natural 
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pruning does not occur during the short rotations and manual pruning can thus reduce knot 
size, an advantage for most end uses. 
 In SCC, pruning of pine species is performed when 60% of trees reach a DBH 
(Diameter at 1.3 m of height) of 8 cm or the mean height reaches 5.5 m. The age or pruning 
ranges from 3.5 to 6 years, and branches up to 50% of tree height are removed. An average 
field worker can prune 130 to 160 trees per day. Pruning is performed only once during the 
rotation. The main species of pines at SCC include P. kesiya, P. oocarpa, P. patula, and P. 
tecunumani. P. patula is planted extensively at areas higher than 2,200 m and is important 
for its demonstrated excellence for pulping. 
 

LITERATURE REVIEW 
 
 In the literature on the effect of pruning on growth and wood quality, there seems to 
be a consensus that heavy pruning of the live crown will reduce growth. LANGE et alii 
(1987) reported that the heaviest pruning regime (the first pruning removed 50% of the live 
crown at 3 years of age with 3 subsequent prunings) reduce mean annual increment of 
volume by 20% in P. radiate over approximately a 10 year period compared with the 
lighter pruning regimes such as removing 35% of live crown at 4 years of age followed by 
lighter pruning. LUCKHOFF (1949) indicate that pruning of 50% of the live crown in P. 
patula at age 4 reduced volume growth 20% in the 4 years following treatment compared 
with the unpruned control. But the reduction was 10% when the same 50% live crown 
removal treatment was applied to 8-year-old stand. ADLARD (1969) observed height 
growth reduction following heavy pruning (75% live crown removal) of P. patula in  the 
first year after the treatment. But this reduction disappeared with time. In Colombia, 
URREGO (1988) observed reduction in height, DBH, and volume (m3/ha/year) growth 
following heavier pruning of P. patula. He suggested that heavier pruning could be done in 
a higher quality site because faster recovery from pruning is possible on such sites. 
 In terms of wood quality and economic return, LANGE et alii (1987) indicated that 
pruning of the live crown improves stem form in the pruning zone by preventing an 
increase in taper caused by heavy branches in P. radiate. O’HARA (1991) mentioned that 
pruning would accelerate the transition from juvenile to maure wood in Pseudotsuga 
menziesii  var. menziesii and would reduce stem taper. WORMALD (1975) concluded that 
the financial return of pruning of P. patula would greatly be influenced by the final wood 
product, rotation age, and the height of pruning. On the other hand, WHITESIDE et alii 
(1989) in New Zealand demonstrated that managing P. radiata stands with pruning for 
timber production is generally more profitable than managing them unpruned. 
 In 1985, Compañia Nacional de Reforestación initiated a pruning trial on 3.5 year 
old P. patula plantation near Anserma, department of Risaralda, Colombia in order to 
observe the effects of pruning on tree growth and wood quality. The site where this is 
located was subsequently. 
  

MATERIALS AND METHODS 
 
 In December of 1981, a plantation of P. patula was established with 50g/tree of 
NPK (10-30-10) and 5g/tree of Boron (68%) in La Germania Farm, near Anserma, 
Department of Risaralda, Colombia. The elevation is 2070 m with annual precipitation 
ranging from 2,000 to 2,500mm and a mean annual temperature of 17oC. The soils is of 
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volcanic origin with a ph of 5.0 and a high concentration of organic matter nitrogen, 
phosphorus of 0.35 ppm, and potassium of 0.19 m.e./100g of soils. The soil texture is sandy 
loam. The growth of the P. patula plantations in the area was excellent. 
 In April 1985, four pruning treatments were applied in randomized complete blocks 
with 5 replications and plots of 560 m2 each inside a commercial plantation. The area is 
fairly homogeneous with a gentle slope of 3-5%. Treatments and the mean height of 
pruning zone ae indicated in Table 1. Inside each plot, 440 m2 were designated for 
measurement, and approximately 65 trees wee included within this measurement area. 
Layout of trees is not completely uniform. Plot means of height and DBH at the 
establishment of the trial varied from 5.51 m to 6.53 m and 9.41 cm to 10.83 cm, 
respectively. Density inside each measurement area varied from 1,295 trees/ha to 1,568 
trees/ha at the moment of pruning. 
 Height, and DBH were measured at 6 months, 1 year, and 4.5 years after pruning. 
For the 4.5 years measurement, the individual tree volume (outside bark) was calculated 
using: 
 
Volume (m3/tree = 0.0065301 + 0.0000355 X height (m) X DBH (cm)2 
 
(LADRACH, 1978) 
 
 The standing volume per hectare was calculated for each plot. Plot mean increments 
4.5 years after pruning for height (m) and DBH (cm) were analyzed by a analysis of 
covariance with block and treatment effects and initial height or DBH, respectively, as 
covariate. Height, individual tree volume (m3), and volume per hectare 4.5 years after 
pruning were analyzed by a two-way analysis of variance with block and treatment effects. 
Increments of volume were not obtained because initial volume of 3.5 year old pines was 
not calculated. For mortality during the 4.5-year period and forking at the 4.5 years, 
pair=wise comparisons (SNEDECOR & COCHRAN, 1980) of two proportions by any two 
treatments were repeated (Table 1) until all treatment means were compared. 
 
Table 1. Height, DBH, volume, mortality, and forking (%), 4.5 years after pruning of a P. 
patula stand. The trees were 3.5 years of age at the time of pruning. 
 

Trt. % Removal 
live crown 

Height of 
pruning (m) 

Height 
(m) 

DBH 
(cm) 

Volume 
(m3/tree) 

Volume 
(m3/ha) 

Forking 
(%) 

Mortality 
(%) 

 
1 
2 
3 
4 

 
0 

30 
50 
70 

 
- 

1.92 
3.14 
4.52 

 
13.7 

14.6a 
14.5a 
14.7a 

 
19.7a 

19.4ab 
18.6b 
18.6b 

 
0.237a 
0.241a 

0.218ab 
0.212b 

 
328.4a 
339.0a 
310.1a 
242.6 

 
34.2a 
25.5b 

27.3ab 
20.9b 

 
20.4a 
19.9a 
20.3a 
32.0 

 
Note: For each column, treatments marked with the same letter are not statistically different 
(p = 0.05) 
 

RESULTS AND DISCUSSION 
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 At both 6 and 12 months following pruning, the unpruned control and light pruning 
(Trt.2) had significantly greater height increment than heavier pruning (p < 0.05) (from 
Table 1 in VELEZ, 1985) (Fig.1). The reduction in height growth is greatest for the heavy 
pruning (Trt.4) for these early measurements. However, height growth in unpruned plots 
declined after the first year and was the lowest after 4.5 years period and significantly (p , 
0.05) different than other treatments. This reduction of height growth of the control 
compared with pruned trees was accompanied by a higher percentage of forking. The 
analysis of covariance model on height indicated that the treatment effect was statistically 
significant (p < 0.01) and block and the initial mean height by plot were insignificant 
(Table 2). The height, 4.5 years after pruning, is summarized in Table 1 and its ANOVA 
result is also presented (Table 3). 
 The pattern of reduction in DBH increment from heavier pruning is apparent (Fig. 
2) (6 and 12 months were from VELEZ, 1985). At 6 and 12 months after pruning, 
differences in DBH increment by treatment were statistically different (p – 0.05) and were 
directly related to the severity of pruning. At 4.5 years after pruning, treatments 1 and 2 had 
significantly greater DBH increment than treatments 3 and 4 (p = 0.05). However, the 
difference in DBH between the former and the latter is only 1 cm (Tables 1 and 3). The 
analysis of covariance model showed that block effect was statistically insignificant but 
initial plot mean of DBH and treatment effects were significant (p < 0.05) on increment of 
DBH during the 4.5-year period (Table 2). As LANGE et alii (1987) concluded, pruning 
seems to have more prolonged and noticeable reduction effects on diameter growth than 
height growth. 
 Heavy pruning (70%) reduced individual tree volume and the mortality was 
significantly (p = 0.05) higher than in the other pruning regimes (Tables 1 and 3). 
Naturally, volume per hectare suffered a significant reduction of approximately 25% 
compared with other three treatments (Tables 1 and 3). Furthermore, despite the reduced 
number of trees in this treatment, DBH of the standing trees is the least compared with 
other treatments. 
 In pruning treatments, there were a smaller proportion of forked trees than in the 
control (Table 1).  This is probably attributed to removal of multiple stems or extremely 
large branches, at the moment of pruning, that could develop into forks. Forked trees 
usually have leaned stems, and leaned stems would have compression wood which in turn 
is undesirable for pulp. Therefore, pruning may have another justification of improving 
wood quality. 
 In summary, the initial growth reduction after pruning is offset with time except 
when pruning is extremely heavy, in which case the mortality is increased. Our operational 
pruning regime has no negative effect on volume growth. In the future, it is suggested to 
study the effect of pruning on the quality of wood for pulping. Maybe wood from a pruned 
stand is higher in pulping quality than wood from an unpruned stand for several reasons. 
First, pruned wood has less knots. Second, elimination of forked stems in pruning operation 
reduces forking, thus reducing the amount of compression wood. Third, pruning might 
increase amount of more desired, mature wood (O’HARA, 1991). If this is true, heavier 
pruning may be justified. 
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Table 2. ANOVA table for the covariance model. Height (m) and DBH (cm) increments 
during the 4.5 years period following pruning were tested. 
 
(HEIGHT) 

Source d.f. M.S. 
Block 
Treatment 
Initial height 
Residual 

4 
3 
1 

11 

0.520 
1.416** 

0.714 
0.159 

 
(DBH) 

Source d.f. M.S. 
Block 
Treatment 
Initial height 
Residual 

4 
3 
1 

11 

0.534 
1.647** 

2.821 
0.173 

 
M.S. Values followed by ** do not differ statistically (p < 0.01) 
 
Table 3. ANOVA table for standing height, DBH, volume tree, volume/ha 4.5 years after 
pruning. 
 
(HEIGHT, m) 

Source d.f. M.S. 
Block 
Treatment 
Residual 

4 
3 

1172 

36.0* 
59.9** 

11.5 
 
(DBH, cm) 

Source d.f. M.S. 
Block 
Treatment 
Residual 

4 
3 

1172 

38.3 
98.2* 
33.0 

 
(VOLUME/tree, m3) 

Source d.f. M.S. 
Block 
Treatment 
Residual 

4 
3 

1172 

0.0366 
0.0600 
0.0264 
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(Volume/ha, m3/ha) 
 

Source d.f. M.S. 
Block 
Treatment 
Residual 

4 
3 

16 

1238 
9362** 

573 
 
M.S. values followed by * and ** do not differ statistically (p < 0.05 and p < 0.01, 
respectively). 
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