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ABSTRACT

Growth ring structure and wood density were compared among five families 
of Pinus patula planted in Malawi, Africa. The vertical and radial variations 
of wood density and growth characteristics were investigated in stems of 
30-year-old Pinus patula planted at a spacing of 2.74 × 2.74 m. The pattern of 
ring width with cambial aging was broadly similar at all stem heights: wide to 
the 4th growth ring, decreasing gradually up to the 10th ring and then very nar-
row towards the bark. In all the families, the first complete growth ring was the 
widest, ranging from 20 to 50 mm across the families. This trend was different 
from other similar studies carried out in Zimbabwe and South Africa where the 
growth ring width increased from the 1st to the 3rd ring with the highest ring 
width of 19 mm. Specific gravity varied with height above the ground for all 
the trees. The average specific gravity was 0.56. Weak to medium correlations 
between latewood percentage and specific gravity were observed. The study 
shows that selection for density in Pinus patula could be made at least by the 
age of 10 years.

Keywords: Growth ring, wood density, latewood percentage, wood properties, 
Pinus patula, Malawi.

INTRODUCTION

Wood property variation is one of the major problems facing the users because it 
lowers efficiency of use of wood as a raw material. In general, variability within and 
among trees is high. It is also high within families of the same species. Environment 
is one of the major causes of this variation. All wood properties are determined by an 
interaction of the genetic potential of the tree with the environment in which the tree 
grows (Zobel & Van Buijtenen 1989).
 For exotic trees, the original environment may be significantly different from the new 
environment. In pines grown as exotics, different responses to differing environments 
have been reported. Plumptre (1977) reports that wood of Pinus caribaea and P. kesiya 
seems to be easily affected, sometimes radically changed, when grown in different 
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environments. The report further says that P. caribaea can vary from very light and 
soft with essentially no latewood when grown in certain tropical areas where growth 
conditions are ideal throughout the year to wood whose rings are mostly latewood with 
a high specific gravity (SG) in other tropical climates. Generally, the effects of envi-
ronment on the wood properties of exotics outside their indigenous range are greater 
for the tropical pines than for those from temperate regions (Zobel & Van Buijtenen  
1989).
 Pinus patula is one of the major exotic species grown in Malawi mainly for sawn-
timber. It is native to Mexico. In its natural range P.  patula grows from 18° to 24° North 
latitude and 1800 to 2700 m above sea level. Rainfall range is from 750 to 2000 mm  
annual average. Worldwide, the area planted with P. patula is approximately 1 million  
ha, with plantations in Central, East and Southern Africa accounting for 95% of the 
planted area. In 1907 it was introduced into South Africa, where it is presently the most 
widely planted coniferous species. Later it was introduced into many other African 
countries, and it has become the most important pine in East and Southern Africa (Nigro 
2008). The species was first introduced to Malawi in 1923. In the 1950s large-scale 
forestry plantings were undertaken. Tree height at full rotation age ranges from 30 to 
35 m, with a diameter of 50 to 90 cm (Stanger 2003). In favorable conditions, P. pa- 
tula grows very rapidly, attaining a height of 15 m after 8 years and 35 m after 30 
years.
 Most of the P. patula plantations in Malawi were established with seed collected 
from South Africa and Zimbabwe. In an effort to establish Malawi’s own seed source 
with improved traits, seed orchards were established. The P. patula stands in these or-
chards were planted using seed from trees established through propagation of Malawi 
root stocks and South African cuttings. There has been no wood properties research to 
determine realized genetic and phenotypic gains obtained from the use of the improved 
seed in terms of wood density and other wood traits. Few publications on these species 
are available. One of these is by Stanger (2003), who studied the variation and genetic 
control of basic wood density in P. patula grown in South Africa. However, the trees 
used in that study were 11 years old. In Malawi, research on P. patula (and many other 
species) has concentrated on the height growth, volume and form. For example, Paterson 
(1969) determined that, in Malawi, the total gain in value from tree improvement for  
P. patula would be 60%. He reported that this would result from increased volume yield 
and higher sawn lumber recovery. However, no wood quality gains have been predicted 
for the species. The emphasis on volume only means that there is no comprehensive 
wood property research information about the P. patula grown in Malawi. Therefore the 
wood industry in Malawi has no information on which to base the efficient, sustainable 
and potential use of this species.
 Against this background, since 2008, a study on the wood properties of P. patula 
has been carried out using the seed orchard established by the Forest Research Institute 
of Malawi. The study’s broad objective is to determine the genetic and environmental 
factors controlling wood properties of fast growing tropical trees. It further aims to 
recommend the possibility of the improvement of wood quality and contribute to sus-
tainable management for plantation forests.
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 In this paper, the growth characteristics and wood density of P. patula grown in 
Malawi are discussed with particular emphasis on the variation of wood properties at 
individual tree and family levels.

MATERIALS  AND  METHODS

Sampling
 The samples were collected from a 30-year-old trial plantation in Dedza, Central 
Malawi (altitude 1737 m above sea level). The experimental design was family-in-block 
with orchards and seed sources as blocks. Families were randomized within each block. 
The total number of treatments (families) was 42 in 4 replications. Plot size was 7 × 7  
trees at a spacing of 9 × 9 feet (2.74 × 2.74 m). Nigro (2008) reports that the normal 
spacing for P. patula is 2.4 to 3 m × 2.4 to 3 m. Therefore this spacing is within the 
normal range. The entire experiment was surrounded by 5 to 8 rows of surplus plants. 
No routine silvicultural treatments were applied; weeding, slashing, pruning and thin-
ning were done only on the instruction of the tree breeder.
 Five of the 42 families were chosen to cover the range of diameters at breast height 
(DBH). The growth data were obtained from a previous study by Chithira (2005). Three 
trees were taken from each of the five families, giving a total of 15 trees for this study. 
For convenience, the families are hereafter referred to as Families 1, 2, 3, 4 and 5.  
Table 1 shows the average growth characteristics of the trees in the five families.
 Discs were cut 5 cm thick at stem levels of 1, 3, 5, 7 and 9 m for each tree. The total 
number of discs was 75. Radial strips were cut from the discs. For an unknown reason, 
two trees had only 25 and 22 annual rings in the 1 m discs.

Table 1. Mean tree dimensions (standard deviations in parentheses) for five 30-year-old 
families of Pinus patula.

 Family DBH Height Height at 15 cm diameter
  (cm) (m) (m)

 1 30.3  (0.00) 26.2  (0.28) 19.0  (0.67)
 2 36.0  (0.71) 26.6  (0.57) 20.2  (0.53)
 3 28.7  (0.71) 20.8  (0.07) 15.7  (1.06)
 4 31.0  (2.12) 23.7  (1.34) 18.4  (0.07)
 5 26.7  (1.41) 22.5  (0.78) 15.7 (0.28)

 

Ring width, specific gravity and latewood percentage
 Using air-dry strips, each growth ring width was initially measured using a ruler. 
With the same strips, images were taken with an Olympus DP70 camera attached to a 
Leica MZ12 stereomicroscope and computer. Growth ring width and latewood width 
were measured for each ring using Winroof Software. Latewood percentage (LW%) 
was calculated by the formula: (latewood width/growth ring width) × 100.
 The strips were then cut into individual rings for measurement of SG. Two or more 
rings were combined in the outer part of the strip because they were too small to be 
measured. The SG was measured using an electronic densimeter MD-300S (ALFA 
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MIRAGE Co, Ltd). This device measures air-dry density. It takes measurements ac-
cording to the Archimedes principle. This densimeter is capable of measuring specific 
gravity of floating samples, such as wood, in the water instantaneously (measurement 
time: about 10 seconds).

Change of specific gravity of stem with tree age
 The change of SG of the stem with tree age was calculated using a method by Nguyen 
et al. (2008). The SG for each ring was converted to SGn for each 2 cm from the pith 
to the bark. Each specimen with a ring width within the 2 cm block was considered a 
fraction of the 2 cm block.

The change of SG with diameter growth of each disc was calculated as follows:
S1 = SG1
S2 = 1/4 × SG1 + 3/4 × SG2
S3 = 1/9 × SG1 + 3/9 × SG2 + 5/9 × SG3
…
Sn = 1/n2 × SG1 + 3/n2 × SG2 + 5/n2 × SG3 + … + (2n-1) /n2 × SGn

Where S1, S2, S3, …, Sn are the values of SG of the disc when the diameter was  
2, 4, 6, …, n cm. The data from each stem height were then combined along  
the growth layers. Thus, the time series change of SG in the stem was obtained.

Data analysis
 In order to find out the relationship between SG and LW%, scatter plots with as- 
sociated regression lines were produced using Minitab statistical software. The 
relationships were compared at individual tree and family levels.

RESULTS  AND  DISCUSSION

Growth characteristics
 Nigro (2008) reported that under favorable conditions Pinus patula might attain a 
height of 15 m after 8 years and 35 m after 30 years. The average height for the 30-year-
old trees in this study was 24 meters. Figure 1 shows the profiles of growth ring width 
from pith to bark for Family 1. The growth ring widths are the averages for the 3 trees 
per family at 1, 3, 5, 7 and 9 meters. Ring width generally decreased from pith to bark 
in all the trees. The first growth ring was the widest, ranging from 20 to 50 mm across 
all the trees. Generally, the pattern of variation was also the same.
 Wider rings appeared from the first to fifth rings from the pith. The growth ring 
width decreased to less than 5 mm from ring number 5 in most of the trees. Family 2 
exhibited the fastest growth rate, and Family 5 the slowest.
 There was no significant growth ring width variation among different stem levels 
in all the families. In a P. patula study in South Africa, Stanger (2003) reported that 
initially ring width increased to age three, reaching a maximum between 14.8 and 
18.7 mm. After age five, ring width decreased rapidly. In the Zimbabwean study, ring 
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widths also increased to age three, but the subsequent decrease in ring width was faster, 
reaching approximately 5.0 mm at age seven (Barnes et al. 1994).
 An example of the stem level variation of radial growth within a tree is shown in 
Figure 2. For the same cambial age, the growth rate slightly decreased with an increase 
in height above the ground. In this tree, the average growth rate at 1, 3, 5, 7, 9 m above 
the ground was 5.88, 5.48, 5.39, 5.16, 4.88 mm per year respectively for the first 20 
years of cambial age. The stem level variations were similar for all sample trees.

Specific gravity
 The average SG and standard deviation for each of the families 1 to 5 was 0.56 
(0.12), 0.58 (0.12), 0.51 (0.09), 0.54 (0.09), 0.53 (0.11) and 0.64 (0.13). The overall 
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Figure 1. Profile of growth ring width variation from pith to bark for Family 1 at 1, 3, 5, 7, 9 m 
above the ground.

Figure 2. Within-tree variation of radial growth with age of one Pinus patula tree (Family 5, 
Tree 15) at 1, 3, 5, 7, 9 m above the ground.
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average SG was 0.56 with a standard deviation of 0.12. Figure 3 shows the distribution 
image of SG in stems of 5 trees from the families. SG increased from pith to bark with 
a similar pattern at all stem levels. There was gradual increase from pith to bark in SG 
in Families 1, 2, 3 and 4. The increase in SG from pith to bark was more pronounced 
for Family 5 than for the rest of the families. Generally, low SG persisted for the first 
ten rings. Figure 3 also shows that SG varied with height above the ground for all the 
trees. A comparison of slow-grown and fast-grown trees of P. patula from the Viphya 
Plateau, Malawi, revealed no differences in average wood density (Palmer & Gibbs 
1974). However, individual trees were more variable in the slow-grown group.
 Figure 4 shows the change of specific gravity with tree aging for the five families. 
Density generally increased with tree age. Family 3 and 5 had obviously a higher den-
sity after the age of 8 years compared to that of the other families. At the latest tree age  
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Figure 3. Tree stem maps showing variations in growth ring width and specific gravity. Each 
graph represents one tree from each of the five families. Light and dark colors signify low and 
high specific gravity, respectively.
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of 10, the families with higher density (Family 3 and 5) could be identified. The impli-
cation for tree breeding is that early selection for density is possible at least when the 
trees reach the age of 8 years and that the selection should not be done at an age less 
than 5 years. This is important information for the tree breeders.

Latewood percentage and specific gravity
 Wright (1994) reported that in order to select and breed trees for improved wood den- 
sity, the genetic components of variation must be determined. The relationships between 
wood density and associated traits such as fiber length, LW%, volume growth or dry-
weight yield is also important. Estimates of heritability and genetic correlations will be 
essential in predicting likely gains from tree-breeding for improved wood density.
 In order to compare SG and LW%, the latter was measured for all 15 trees and radial 
variation is shown in Figure 5. Latewood percent increased from pith up to ring number 
five in some trees. In some cases the LW% from pith to bark had no specific pattern. 
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Figure 4. Change of specific gravity of Pinus patula with tree age.
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The pattern of variation was different with height above the ground. Figure 6 shows 
the correlation between LW% and SG at the family level. The correlation between 
LW% and SG was positive and significant in Families 1, 2 & 5 and the combination 
of all family data, at the 5% as well as the 1% level (Pearson correlation coefficients: 
Family 1 = 0.433, Family 2 = 0.305, Family 5 = 0.250, All families = 0.311). There  
was no significant correlation in Families 3 and 4 (Pearson correlation coefficients: 
Family 3 = 0.115, Family 4 = 0.067).
 The correlation between latewood percent and SG for individual trees was sig-
nificant and relatively stronger. For example, in Family 1 (Fig. 7, below), the cor- 
relation coefficient for Tree 1 was 0.245 (significant at 5% level). For Trees 2 and 
3, the correlation  coefficients were 0.642 and 0.680 (significant at both 5% and  
1% level). LW% has been reported to increase dramatically from age 22 in P. pa- 
tula grown in Zimbabwe (Burley et al. 1970, 1972). This could have an effect  
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Figure 6. Relationship between specific gravity and latewood percentage among the five  
families.

Figure 7. Relationship between specific gravity and latewood percentage within Family 1.
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Figure 8. A transverse section of  
Pinus patula showing a narrow 
band of earlywood within late- 
wood (the 4th ring of Family 1,  
Tree 2). The direction of radial 
growth in this image is down.

on the overall SG versus LW% relationship. Stanger (2003) also reported that  
LW% might not be as important for P. patula as has been reported for other species. 
 Pinus patula has distinct latewood and earlywood (Fig. 8). However, the early- 
wood has thick cell walls. Nigro (2008) also described P. patula latewood as thin-walled. 
Thick cell walls in earlywood or thin cell walls in latewood could explain the insignifi-
cant correlation between LW% and SG observed in other samples in this study.
 In their study on the variation in wood density of P. patula grown in Kenya (Fry & 
Chalk 1957), found that the mean SG of the earlywood in five rings was 0.368 com-
pared with 0.469 for the latewood. They reported that the high value for the earlywood 
and the small difference between earlywood and latewood was due to the thickness 
of the walls in the earlywood tracheids. They also reported that similar thick-walled 
earlywood tracheids were observed in Kenyan species of Juniperus and Podocarpus.
 Fry (1957) found that earlywood and latewood were similar in density for P. patula 
from Kenya and thus concluded that the percentage latewood has little effect on wood 
density. Fry and Chalk (1957) also noted that the wood of P. patula from Kenya had 
latewood divided by a narrow band of earlywood. This is due to the period of two 
distinct wet and dry periods during the year.
 Although genetic control of the wood density components, which consist of 
earlywood density, latewood density and latewood percent, are all strong, none of 
these have been reported to have a higher heritability than average density and these 
components have had limited value in improving selection efficiency for average density 
(Zobel & Jett 1995). Therefore, for breeding purposes, research on P. patula should 
focus on increasing average wood density.

CONCLUSION

This study has shown that, compared to other countries in Southern Africa, Pinus patu- 
la grown in Malawi is wider in the first 5 rings from the pith. There is significant varia-
tion in LW% and SG among all families but the radial variation pattern is different. 
The average SG was 0.56. Specific gravity variation and trends indicate a potential for 
breeding for high density in P. patula.
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 One of the most important methods for controlling wood density is by selection 
and breeding. It is important to identify the wood density that will be important for 
products that are being manufactured in Malawi. There is need for an agreement be-
tween researchers and managers on an ideal wood density in order to improve this trait.  
The study shows that selection for density in P. patula should be done at least by the  
age of 8 years, and by 10 years at the latest. This study shows a weak to medium 
relationship between LW% and SG at the individual tree level, within and among the 
families.
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