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Abstract. Prunus cerasoides D. Don has been identified as a ‘framework species’ for restoring

evergreen forest in seasonally dry climates. The aim of this study was to develop criteria to select

parent trees for supplying seed to forest restoration projects based on seedling performance in the

nursery and in the field. Seed progenies were collected from 50 individual parent trees; 13 in Doi

Inthanon National Park; 14 in Doi Ang Khang; and 23 in Doi Suthep-Pui National Park. Criteria

were developed for the selection of superior parent seed trees based on nursery and field perfor-

mance, and a provisional selection of parent seed trees for forest restoration projects has been made

based on these criteria. Four standards for selection of superior seed trees were recognised: (i) 70%

or greater seedling survival in the field, (ii) a seedling height of 100 cm or taller after the first

growing season in the field, (iii) 40% or greater germination in the nursery and (iv) 70% or higher

seedling survival in the nursery. Twenty one seed trees met these standards.

Introduction

Forest loss is a very serious environmental problem in developing tropical
countries such as Thailand. Watershed degradation is a primary consequence
of deforestation, and soil erosion leads to droughts, whilst siltation of water
courses worsens flood damage. To retain any significant natural forest cover in
the long-term, stricter forest protection must be complemented with natural
forest restoration to degraded sites, especially within protected areas (FORRU
1998). The Forest Restoration Research Unit (FORRU) of Chiang Mai
University has found the so-called ‘framework species method’ to be successful
in the highlands of northern Thailand (Blakesley et al. 2000; Elliott et al. 2002).
First developed in Queensland, Australia (Goosem and Tucker 1995; Lamb
et al. 1997; Tucker and Murphy 1997), the method involves planting 20–30
indigenous tree species to rapidly restore basic forest structure and function,
whilst relying on wildlife to bring about biodiversity recovery. The selection
criteria for framework tree species include high rates of survival and growth
when planted out in deforested sites; dense, spreading crowns to shade out
weeds and production of resources attractive to wildlife (e.g. fruit, nectar,
nesting sites) at an early age (Elliott et al. 2002). Ease of propagation is also an
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important consideration (Blakesley et al. 2000). If the framework species
method is widely adopted, framework species identified in Thailand could be
planted across their natural range.

High germination percentages and growth rates that lead to the production of
suitably sized seedlings, 50–60 cm tall at the optimal planting time (June in
northern Thailand) are required to produce a high quality crop of seedlings with
the highest chances of survival in the hot, dry and sunny conditions that prevail in
deforested sites (FORRU 1998). Initial planting trials in deforested sites within
Doi Suthep-Pui National Park identified Prunus cerasoidesD. Don (Rosaceae) as
meeting all the criteria of a framework species (Elliott and Anusarnsunthorn
2001). P. cerasoides is distributed throughout the mountains of the Himalayas,
Yunnan,Myanmar, northern Thailand and northern Indo-China, where it occurs
in evergreen and deciduous forest, evergreen forest, and evergreen and pine forest,
particularly in disturbed areas, at elevations of 1040–1700 m (FORRU 2000). In
the future, P. cerasoides could be widely planted across the region.

The concept of in situ Seed Production Plus Trees was first proposed by
Steiner (1986) for the improvement of high-value hardwoods. However, no
studies have been carried out to select superior seed trees for natural forest
restoration. The main aim of this work was to study the variability in nursery
and field performance of seed progenies collected from parent trees growing in
three national parks and to develop criteria for the selection of superior parent
seed trees for natural forest restoration projects based on these criteria.

Methods

Study sites

Plant material was collected from three sites in northern Thailand. Doi Suthep-
Pui National Park (188430–198080N, 988480–988580E) covers an area of 262.5 km2

and rises from an elevation of 330–1685m.Doi InthanonNational Park (188240–
188410N, 988210–988380E), includes the highest mountain in Thailand, rising to
2565 m elevation. It covers an area of 272 km2 and is part of the Thanon
Thongchai Range located south of Doi Suthep-Pui National Park. Doi Ang
Khang (198500–198570N, 998010–998060E) covers an area of 91.4 km2 and rises to
an elevation of 1800 m. Ripe fruits of P. cerasoideswere collected inMarch 2000
from 13 trees in Doi Inthanon National Park, 14 trees in Doi Ang Khang and 23
trees in Doi Suthep-Pui National Park. Many trees sampled were close to the
roadside forest edge, suggesting that some may have been dispersed locally
(collected and germinated or transplanted) by Forestry Department Officials.

Propagation

Trees were propagated in a nursery at 1000 m elevation, near the headquarters
of Doi Suthep-Pui National Park, north-west of Chiang Mai, Northern
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Thailand (l88510N, 988540E). The fruit pulp was removed and the pyrenes were
soaked in water, and then exposed to air until their surface was dry. Seventy-
two pyrenes were randomly selected from each seedlot, and sown within 2–3
days of collection on the surface of a medium of two parts forest soil to one
part coconut husk to one part peanut husk in modular plastic trays. The seeds
were divided into three replicate batches of 24, which were randomly assigned
to different benches and watered daily. Each replicate consisted of 24 adjacent
compartments (3.5 � 3.0 � 7.0 cm) in one seed tray. Trays were placed on
top of concrete benches, partially shaded under a transparent plastic roof
(approximately 40% full sunlight, similar to the light intensity in partially
regenerating gaps). Germination was monitored throughout the germination
period and was defined as emergence of any part of the shoot. The dates of
the first and last seeds to germinate were recorded, and the median length of
dormancy (MLD) calculated from the germination times of all seeds which
germinated. Once the first pair of leaves had fully expanded, all seedlings
were pricked out and transplanted into black plastic bags (6.5 � 23 cm),
filled with the potting medium described above. Seedlings were shaded
inside the nursery under a plastic roof (approximately 20% full sunlight) for
2 weeks. After this time, the seedlings were placed outside, under black
shade netting (slan, approximately 50% of full sunlight). Seedlings were ran-
domised within one block, with the border rows not included in the mea-
surements. Ten granules of Osmocote slow-release fertiliser (15-15-15) were
applied every 3 months. Seedling height and root collar diameter (RCD) were
measured regularly. Monitoring ceased when the seedlings exceeded the ideal
planting size of 60 cm tall. All seedlings were hardened off in full sunlight 4
weeks before being dispatched for planting in early June of the year following
sowing.

The experimental plots were located in a degraded watershed in Doi
Suthep-Pui National Park (188520N, 988510E), 1207–1310 m ASL. Origin-
ally, the plots would have been covered in evergreen forest, which was
cleared between 1960–1970. Subsequently the area was cultivated for ve-
getables and further degraded by frequent fires. Although a few scattered
mature trees remain, the area is now dominated by weedy herbaceous ve-
getation. One month before planting, weeds were cuts back with hand tools
and a non-residual herbicide, glyphosate, was applied. Holes about twice
the size of the container were dug, with 100 g of NPK 15:15:15 mixed in
with loose soil at the bottom of each planting hole. Where possible, 20
seedlings were randomly selected for planting from every batch of seeds.
Seedlings were planted randomly at a density of 3125 ha�1 in three 0.16 ha
plots. They were planted together with 30 other species, with a 1.8 m
spacing. Seedling height and RCD were measured 6 months after planting,
in the dry season.

Analysis of variance was carried out within and between populations on all
parameters measured. The percent relative growth rate per year of each seed-
ling in the nursery and in the experimental plots was calculated using the
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following equation:

RGR ¼ ½lnðX2Þ � lnðX1Þ�
ðT2 � T1Þ

� 100� 365

where X2 = RCD or height at time T2 (at the end of measurement), X1 = RCD
or height at time T1 (at the beginning of measurement), T2�T1 = Number of
days between the beginning (T1) and the end (T2) time of measurement

Results

Germination and nursery studies

In the nursery, seed germination and seedling performance were recorded for
seed batches collected from 13 trees in Doi Inthanon, 14 trees in Doi Ang
Khang and 23 trees in Doi Suthep-Pui. Ripe fruit was collected late in the dry
season. The germination percentage ranged from 12.5 to 87.5% for trees from
Doi Suthep-Pui, 7.5 to 70.8% for trees from Doi Inthanon and 18.1 to 80.6%
for trees from Doi Ang Khang. The mean germination percentage, averaged
across all trees, was 55 ± 20.5% (SD) (Table 1). Thirty-nine trees had a
germination percentage of 40% or greater, which we believe is the minimum
acceptable for efficient nursery production. Germination did not differ amongst
the three study sites (P>0.05; ANOVA).

For trees from Doi Suthep-Pui, the first seed germinated after 14 days, and
the last seed after 82 days. The germination period ranged from 26 to 82 days,
with a mean of 43.39 ± 9.92 days. The MLD ranged from 20 to 44 days with a
mean of 32.65 ± 7.25 days. For trees from Doi Inthanon, the first seed ger-
minated after 13 days and the last seed after 78 days. The germination period
ranged from 32 to 60 days, with a mean of 44.54 ± 8.04 days. The MLD
ranged from 20 to 51 days with a mean of 31.92 ± 10.1 days. For trees from
Doi Ang Khang, the first seed germinated after 11 days and the last seed after
72 days. The germination period ranged from 28 to 62 days, with a mean of
41.64 ± 10.16 days. The MLD ranged from 17 to 41 days with a mean of
28.21 ± 6.73 days. Overall, the germination period and MLD showed no sig-
nificant differences among the three study sites (P>0.05; ANOVA) (Figure 1).

RCD and height of seedlings were measured 6 months after pricking out.
Although there was considerable variation in growth both within and among
study sites, the majority of seedlings reached a height suitable for planting
(50–60 cm tall well before the optimal planting time (June in northern
Thailand) (FORRU 1998). For trees from Doi Suthep-Pui, RCD ranged from
2.40 ± 1.12 to 4.39 ± 1.24 mm, with a mean of 3.08 ± 0.62 mm, whilst
seedling height ranged from 59.82 ± 25.16 to 103.23 ± 23.67 mm with a
mean of 74.97 ± 11.85 mm. For trees from Doi Inthanon, RCD ranged from
1.66 ± 0.87 to 3.75 ± 1.37 mm, with a mean of 2.96 ± 0.57 mm, whilst
seedling height ranged from 40.65 ± 21.12 to 99.00 ± 27.70 mm with a mean
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of 74.05 ± 15.58 mm. For trees from Doi Ang Khang, RCD ranged from
2.41 ± 1.09 to 4.84 ± 1.56 mm, with a mean of 3.19 ± 0.66 mm, whilst
seedling height ranged from 57.17 ± 22.05 to 113.14 ± 27.24 mm with a mean
of 74.50 ± 15.48 mm. Overall, growth rates in the nursery showed no sig-
nificant differences among the three study sites (P>0.05; ANOVA).

Table 1. Germination, survival and growth of P. cerasoides seed progenies collected from 50

parent trees from three locations. Growth measurements taken 6 months after pricking out in the

nursery, and 6 months after planting out in the field. Mean number of seedlings from each parent

tree planted out was 17.5

Parameter Nursery Field

Mean SD Range Mean SD Range

Percent germination 55.0 20.5 7.5–87.5 – – –

Percent seedling survival 74.7 11.7 7.1–93.8 81.6 11.5 37.5–100

Mean size: RCD (mm) 3.1 0.6 1.7–4.8 8.6 1.1 6.3–11.7

Mean size: Height (cm) 74.6 14.0 40.7–133.1 110.0 12.8 87.1–156.3

Relative growth rate (% year�1): RCD – – – 212.6 48.7 94.6–343.9

Relative growth rate (% year�1): Height – – – 179.0 44.3 77.6–292.3

Figure 1. The range of germination period and mean MLD of all trees collected in Doi Inthanon

National Park, Doi Suthep-Pui National Park and Doi Ang Khang. Each box contains 50% of the

seed germinated, and the line in the box shows the mean MLD. Vertical lines below and above the

boxes represent 0–25%, and 75–100% of seeds which germinated, respectively. Extreme values are

at both bounds.
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Seedling establishment in the field

The target number of 20 seedlings of each seed tree transplanted into the plots
was not reached in all cases, due to variation in nursery mortality. At the end of
the wet season, seedling survival amongst the progenies was high, ranging from
37.5 to 100%, with a mean of 81.6 ± 11.5 % (SD) (Table 1). Seedlings from 46
seed trees had a survival rate of 70% or greater. After 6 months in the plots, the
mean height of all seedlings was 110.0 ± 12.8 cm (SD), approximately 50%
taller than when planted. Seedling heights ranged from 87.09 ± 36.8 cm (SD)
to 156.3 ± 6.4 cm (SD). The mean RCD of all seedlings was 8.6 ± 1.1 mm
(SD), more than double that when planted, ranging from 6.3 ± 2.1 mm (SD)
to 11.7 ± 3.7 mm (SD). Consequently, RGRs also showed considerable var-
iation between trees, and significant variation between the three study sites
(P < 0.05; ANOVA).

Selection of seed trees based on seedling performance

Criteria used to identify seed trees of P. cerasoides ‘adapted’ to the local en-
vironment were; survival and growth of seedlings in the field and germination
percentage and seedling survival in the nursery. Survival in the field is the most
important criterion. We considered that a standard of 70% survival over the
first growing season was the minimum which would be acceptable for a re-
storation programme. The second criterion applied was growth in the field. An
acceptable standard was considered to be a height of 100 cm or more by the
end of the first growing season. Parent seed trees which met the 1st and 2nd
criteria were then considered for their nursery performance. Standards of more
than 40% germination and more than 70% survival in the nursery were
applied. Twenty-one of the seed trees satisfied all four of the standards out-
lined above.

Discussion

Performance

Considerable variation was found among seed trees in the germination per-
centage of their progeny. Similar levels of variation were found at each study
site. This is important as it indicates that the choice of seed trees may have
profound effects on the efficiency of the nursery operation and the ability to
achieve production targets. An acceptable germination percentage needs to be
established and seed should be collected only from those trees that meet this
target. In our case, 40% represents the lower limit (Blakesley et al. 2002),
although a higher % would be preferable. The range of germination period
and MLD showed no differences among the three study sites, but varied
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considerably among trees within study sites. Ideally, a nursery manager would
chose seed which germinated synchronously, with a short MLD, for maximum
efficiency and uniformity of plant material. Growth rate of the P. cerasoides
seedlings in the nursery, although variable, was too rapid. The seedlings
reached a plantable size well before the optimum planting time and required
pruning before planting. This wastes labour and space in the nursery. Only one
tree from Doi Inthanon, three trees from Doi Suthep-Pui and three trees from
Doi Ang Khang did not require pruning. However, it is possible that these trees
may also exhibit slower growth rates following planting in the field. This
contrasts with other framework species such as Lithocarpus craibianus and
Castanopsis acuminatissima, which may require in excess of 12 months to
produce a seedling suitable for transplantation (Elliott et al. 2002).

A high survival rate of seedling survival in the field plots was obtained. A
standard of 70% survival or higher, was considered the minimum acceptable
for our restoration planting programme and seedlings from 46 seed trees met
or exceeded this standard. Growth rates of seedlings in the field were also high,
with a mean seedling height across seed trees was 110.0 ± 12.8 cm (SD).
Seedlings from 39 seed trees had a mean seedling height of 100 cm or more,
which met the standard criteria for selection of a superior parent tree.

Selection of seed trees

It is important that the planting stock for forest restoration is well adapted,
and contains adequate genetic diversity. The ability to reproduce (fitness) is
important both as an indice of adaptation and for practical nursery produc-
tion. Survival and growth rates in the field show adaptation to the site, and are
important for management and effectiveness of the restoration process. The
primary aim of this study was to develop criteria to select P. cerasoides seed
trees for forest restoration programmes which meet these objectives. For effi-
cient site capture, selection would be made on the basis of nursery and field
performance. Twenty-one ‘superior’ mother trees were identified whose seed-
lings appear to be ‘well adapted’ to the planting site, and hence effect efficient
site capture. However, a simultaneous study of genetic diversity of P. cersa-
soides mother trees using microsatellites (Pakkad et al. in press) has shown
that populations in the three National Parks are genetically distinct. Conse-
quently, seed should be collected locally, and not moved between the three
National Parks. Our selection criteria identified five trees from Doi Inthanon,
seven trees from Doi Suthep-Pui and nine trees from Doi Ang Khang as sui-
table seed sources for our restoration programme. Further work is therefore
necessary to identify more parent trees from each location. Diversity is also
necessary, not only to ensure the present adaptability of a species, but also to
allow the continued evolution of the species. A baseline figure of 50 individuals
has been suggested (Brown and Marshall 1995; FAO, DFSC, IPGRI 2001),
although this may be modified depending on the aims of the sampling strategy.
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There are no clear published guidelines for forest restoration practitioners
concerned with wildlife conservation. However, our work with microsatellite
markers (Pakkad et al. in press) indicates a large amount of genetic diversity in
P. cerasoides, highlighting the importance of genetic diversity conservation,
and the need to collect seed from as many trees as possible, certainly within, or
close to the FAO recommendation of 25–50 individuals per population (FAO
Forest Resources Division 1995).
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