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Pinus species and other conifers have cones as an essential unit for seed production. Cone production 
in pines is not uniform and often varies among compartments and sectors within the crown. Many 
countries experience challenges in seed production from orchards due to poor practices. The present 
study aimed to evaluate within-crown cone production patterns, cone characteristics, and seed yield in 
a Pinus patula clonal seed orchard in Londiani, Kenya. Crown height was divided into three equal 
portions and a further subdivision done for each of the parts into two sections. There were differences 
in cone characteristics within the crown, between the sections and compartments. The majority (67.1%) 
of the cones in the present study were curved. The study also showed that cone shape had no 
significant influence on seed yield. The present study observed cones collected from the top portion of 
the crown yielded the highest amount of seed (33.3±4.91 seeds) (p<0.05) while the bottom part had the 
lowest (14.4±2.76) (p<0.05). The study recommends the collection of P. patula seeds from the upper part 
of the crown in unmanaged stands. Further, it suggests that management through pollarding needs to 
be done regularly to minimize within-crown differences. 
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INTRODUCTION 
 
Management practices on seed orchards and seed 
stands have been postulated to increase the seed yield 
(Moreno-Fernández et al., 2013; Nguyen et al., 2019). 
Also observed is the dwindling acreage of seed sources, 
regionally, especially in sub-Saharan Africa (Marunda et 
al., 2019). These challenges have led to higher pressure 
on the production of seeds from the existing seed 
sources (Owens, 1995). Cones  are  an  essential  unit  of 

seed production for Pinus species and other conifers 
(Calama and Montero, 2007; Loewe-Muñoz et al., 2020). 
Pinus patula is an essential commercial plantation 
species in sub-Saharan Africa (Chamshama and 
Nwonwu, 2004; Cheboiwo, 2018; Valera and Kageyama, 
1991). Some studies have observed that cone production 
by Pinus spp. (Pinus halepensis and Pinus sylvestris) is 
not uniform and often varies among compartments  within
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the crown (Ayari et al., 2012; Abdelaziz Ayari and Khouja, 
2014; Iwaizumi et al., 2008). These variations are 
considered to be associated with resource-related factors 
such as collection practices, crown size, stand density, 
and light intensity (Iwaizumi et al., 2008). It has been 
studied in other select pine species that the number of 
cones produced was more significant in the upper layer 
(Debain et al., 2003; Iwaizumi et al., 2008; Karlsson, 
2000). The focus on such studies of pines crown 
production patterns are generally few and have not 
included P. patula. These studies have also not focused 
on cone characterization, production, and subsequent 
seed yield from different parts of the crown or even 
subsections of the crown of P. patula (Dyson, 1964; Nel, 
2002). 

Seed orchards are established from known materials 
with the assumption of high performance for industrial, 
commercial forestry (Hall et al., 2020; Kaviriri et al., 
2020). Seed orchards, unlike other commercial 
plantations, are managed differently in term of wider 
spacing, pollarding and roguing for robust branching to 
maximize on seed production (Loewe-Muñoz et al., 2019; 

Weng et al., 2020; 농업생명과학연구, 2019). 

Management of seed orchards in most developing 
countries faces many challenges: (i) lack of assessment 
on the effectiveness of management practices in 
established and maintenance of seed orchards, and (ii) 
poor seed collection practices in terms of where to collect 
from the crown and yield from the different parts of the 
crown. There is scanty literature focusing on the crown 
compartment and sections of P. patula for seed collection 
as such literature, when available, will lead to improved 
seed orchard management and seed collection practices 
(Marunda et al., 2019; Tong et al., 2020). 

Previous studies have focused on other pines in terms 
of crown variations by height. There is no literature 
focusing on the horizontal variability in seed production, 
especially in P. patula seed orchards. Similarly, few 
studies are focusing on the impacts of cone shape and 
effects on seed production, with no research focusing on 
P. patula cone shape and effect on seed production 
(Aniszewska, 2006; Guo et al., 2020; Udval and Batkhuu, 
2013). 

Conifers such as P. patula have huge importance to 
developing countries such as Kenya (Limpens et al., 
2014; Montagnini et al., 2003) for industrial and 
commercial purposes. The practice of pine seed 
collection in Kenya relies heavily on seed stands and 
seed orchard (Dyson, 1964; Kariuki, 1998). However, 
there is scanty literature on effective collection practice 
for P. patula cones for seed extraction (Albrecht, 1993). 
The demand for P. patula seed in the country is very high 
and calls for strategies to increase the supply (Ngugi et 
al., 2000; Onyango et al., 2020). These collection 
practices have been lacking data in yielding from the 
crown compartments  focusing  on  where  to  collect  and 
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(Valera and Kageyama, 1991) to improve the overall 
seed supply for the species. 

This paper aimed to compare the crown morphometrics 
of P. patula and its effects on the cone characteristics 
and seed yield, with specific objectives being (i) to 
determine cone characteristics in different crown 
compartments, (ii) to estimate percent opening and seed 
yield from cones of separate crown compartments, (iii) to 
correlate the crown compartments to cone characteristics 
and seed yield in order to derive the best compartment 
for seed collection.  

 
 
MATERIALS AND METHODS 

 
A study was conducted in Londiani, Kenya, using P. patula cones 
collected from a 14-year-old clonal seed orchard in the Kamara 
area. Kamara is located between 00° 34' 00" S latitude and 35° 48' 
00" E longitude at an elevation of 2,639 m above sea level. The 
collection of cones was done in March, which is usually the peak 
cone production period for P. patula in the region (Albrecht, 1993). 

The orchard was divided into three equal plots where ten trees 
from each plot were sampled and measured for diameter at breast 
height (dbh) and height. An assessment was done on each sample 
plot to ascertain whether all the crowns and sections were 
attainable. Only one tree that had seeded well from each of the 
three plots and had the most recurrent dbh (~1.3 m above ground) 
was selected and marked for cone collection. From these trees, 
measurements were taken for dbh (cm), H-height (m), h-crown 
height (m), and crown radius (m)=D(m)/2 (Figure 1). The tree 
measurements lead to a division h(m)/3 of the crown in 3 equal 
portions; top (A), middle (B), and bottom (C). A further subdivision 
was done for each of the portions into two sections based on 
distance from the stem (0-2 m=1, >2 m=2). Section 1 comprised the 
part that is 2 m from the stem (A1, B1, and C1), section 2 
comprised part greater than 2 m from the stem (A2, B2, and C2) 
(Figure 1 (Bilir et al., 2008). 

From each of the crown sections, 15 mature cones were 
collected, making a total of 90 cones per tree as a sample size. The 
collected cones were put in separate bags for each sector of the 
crown and transported to the Kenya Forestry Research Institute-Rift 
Valley Eco-region Research Programme laboratories in Londiani for 
the study. Each cone was assessed for maturity and insect 
damage. Those cones without blemish were given an identity 
depending on the tree and crown sector from which it was collected 
to a maximum of ten cones per each crown sector.  

Before seed extraction, the following characteristics were 
established for each cone; shape of the cone (straight or curved 
(Aniszewska, 2006) length (L1) (cm), diameter at widest part (cm) 
and weight (g). The cones were placed on uncovered glass Petri 
dishes and put in a preheated (Yamato DS411) oven at 
temperature 65°C for 24 h.  

This extraction method is derived from observations made by 
Onyango et al. (In print) that cones dried at 65°C open robustly 
from 4 to 24 h in their study on P. patula cone opening and seed 
yields. After this treatment (drying in the oven), cones were 
removed and seeds extracted by tapping gently 15 times on a flat 
wooden bench. Further measurements of length (L2) of the part of 
the cone that had opened (cm), the weight of the cone without seed 
(g), and total seed count from each cone were done. Percent of the 
cone that opens after subjecting to temperature treatment for seed 
extraction (p) was calculated by Equation 1; this p is used to 
compare cone opening length in relation to the shape.  
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Figure 1. Schematic diagram on crown compartmentalization for sampling 
area of Pinus patula cones. A, B and C show compartments; 1 and 2 show 
sections. 

 
 
 

p=   × 100                                                                          (1) 

 
The data was tabulated in the datasheet in MS excel and analysis 
done for characterization of seed yield (Sy) which was a factor of Y-
intercept by crown compartment (β0); crown sector (β1);  percent 
opening (β2) cone shape (β3) and cone characteristics (β4) (length, 
diameter, weight, and percent opened) (Equation 2) (Figure 1). 
 
Sy=β0+ β1+ β2+ β3+ β4 + ε                                                               (2) 
 
RStudio Version 1.2.1335 was used for post hoc (Tukey HSD) 
analysis done to interpret the 2-way ANOVA with crown 
compartment and cone shape as factors and length, diameter, 
weight, and seed yield as variables.  

 
 
RESULTS AND DISCUSSION  
 
The present study observed that the clonal seed orchard 
after analysis of the crown, compartment A2 was missing 
in all the trees and this is due to the conical shape of P. 
patula crown when closely spaced in a plantation. The 
study observed after analysis of the cones from the clonal 
seed orchard that the majority (67.1%) were curved while 
a minority (32.9%) were straight (Plate 1). We observed 
that curved cones were the majority across all 
compartments in the further description of the shape 
based on the crown compartment (Figure 2). This 
observation on cone shape leads to a gap in assessing 
the seed characteristics at the pine cone's curving 
location to determine its effects. The present study also 
observed that the bottom outer part  (C1  and  C2)  of  the 

crown had curved (56%) and straight (44%). We also 
noted that there was high variability between curved and 
straight cones in the upper part of the crown 
(Compartments A and B), ranging from a difference of 43 
to 53% between curved and straight cones. While the 
bottom part (C1 and C2) had a low variability difference 
of 12% (Figure 2). There is a need to study further the 
effect of spacing and management practices such as 
pruning and pollarding on cone shape. 

When we measured and analyzed the cone 
characteristics by compartment, the straight cones from 
compartment A1 at an average length of 7.9±0.10 cm 
and diameter of 2.90±0.03 cm and compartment B1 at an 
average length of 7.6±0.08 cm and diameter of 2.7±0.03 
cm were the longest and widest. They showed a 
significant difference (p<0.05) when compared with the 
others (B2, C1, and C2) (Figure 3a and c). These findings 
concur with a similar study by Ayari et al. (2012) on P.  
halepensis, showing that the upper crown produces the 
longest and heaviest cones. Thus, for P. patula the 
observed trend could be attributed to light exposure and 
space for cone development (Ayari and Khouja, 2014; 
Iwaizumi et al., 2008). 

Analysis of cones by weight revealed that straight 
cones from compartment B1 and A1 did not show a 
significant difference in weight (p>0.05) (Figure 3e). 
Overall, compartment A1 had the heaviest (31.6±0.62 g) 
cones and C2 the lightest (23.1±0.46 g) (p>0.05) (Figure 
3f). Thereby revealing that superior P. patula cone by 
weight is found at the top part of the crown. Further 
studies on the effect of management practices need to be
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Plate 1. Photograph showing cones of Pinus patula 
ranking based on shape (Straight-top and curved-
bottom) with a 30 cm ruler on the side showing 
scale. 
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Figure 2. Cone shape by crown compartment and tree. 

 
 
 
done. Straight cones of B1 and A1 were not significantly 
different in weight (p>0.05) but were significantly different 

from all the others (p<0.05) (Figure 3e). Curved cones of 
compartment  A1  and  straight  cones  from B1 were also
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Figure 3. Histograms showing cone length (cm) (a,b), cone diameter (cm) (c,d) and cone weight (g) (e,f) by crown 
compartment (A1,B1,B2,C1,C2) and shape (C=Curved, S=Straight). 

 
 
 
not significantly different in terms of weight (p>0.05) but 
were significantly different from all the others (p<0.05) 
(Figure 3e). These findings are in accordance with 
observations of Ayari et al. (2012) and Bilir et al. (2008) 
for other Pinus spp. within the same family. 

It has been reported from previous studies that from the 
widest part of the cone to the bottom end, it does not 
produce viable seed (Bladé and Vallejo, 2008; Valera and 
Kageyama, 1991). For extraction, it would not be prudent 
to try to extract from that area of the cone but to try to 
improve the efficiency of extracting from the other parts. 
Our study also did not try to extract from that part of the 
cone but pushed for maximum possible  percent  opening 

for rapid seed extraction. With Onyango et al. (In print) 
obtaining 73% as the highest percentage of opening 
using temperature and soaking treatment. We observed 
that cones from compartment C2 had the highest 
percentage of opening at 46.6±1.98%, which was 
significantly different (p<0.05) when compared with 
compartment A1, B2, and C1, but there was no 
significant different (p>0.05) when compared with B1 
(Figure 4b). 

Analysis of seed yield showed no significant difference 
(p>0.05) between straight and curved cones from 
compartment A1 (Figure 4a and c). Straight cones from 
compartment A1 and  curved  cones  from  B2  showed  a
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Figure 4. Percent opening of cone and seed yield by crown compartment and cone shape. 

 
 
 
significant difference (p<0.05) in seed yield (Figure 4c). 
The study further revealed that the overall cumulative 
mean number of seeds was the highest from cones 
collected from compartment A1 at 33.3±4.91 seeds, while 
C2 had the lowest at 14.4±2.76 seeds (Figure 4d). These 
results agree with a similar observation by Iwaizumi et al. 
(2008) in their study on another pine family, Pinus 
densiflora. The research has also revealed that although 
compartment C2 had the highest percentage of opening 
at 46.6±1.98%, which did not translate to high seed yield. 
Further study of the embryonic development and 
variation in seed production within an individual cone 
would be prudent, especially in cones at lower crown 
compartments. 

The upper crown compartments (A and B) was 
observed to outperform the bottom compartment (C), 
thereby calling for stands to be managed through 
pollarding early and regularly to minimize variations in 
crown compartments, especially for clonal seed orchards. 
In areas where seed collection is not from clonal seed 
orchard seed collection for P. patula should focus on top 
(A) and middle (B) parts of the crown compartments to 
guarantee the quantity and quality seed production. 
Future  studies   should   focus   on    comparison    within 

families and genetic variability of P. patula clonal seed 
orchards. 
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