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Abstract
Accelerating the recovery of biodiversity in

an abandoned agricultural field in northern Thailand, Year 3

The framework species method of reforestation, developed by The Forest Restoration Research Unit
(FORRU) at Chiang Mai University, has been used successfully to restore evergreen forest on degraded
former agricultural sites in Doi Suthep-Pui National Park, Chiang Mai. However, this method has never
been fully replicated in other areas of northern Thailand. This paper repoﬁs results of an attempt to test
the FORRU reforestation techniques_at Ban Toong Yah, Mae Chaem district, Chiang Mai, at a similar
elevation as FORRU’s original plots at Ban Mae Sa Mai, Mae Rim district, Chiang Mai. Seventeen
species of framework tree seedlings were planted in June 2004. The monitoring of the 22-year old
saplings in February 2006 showed that the species with the highest survival rate was Lithocarpus
elegans (27%). All the seedlings had the survival rates lower than FORRU’s acceptable level, which was
50% after 2 growing seasons. The plating area was an open area exposed to strong winds, which likely
resulted in the extremely low survival percentages of the seedlings. In addition, FORRU normally
prepares the planting sites using chemical herbicides, which is an effective site preparation method.
However, chemical herbicides were not used in this research in an attempt to compare performances of
the seedlings planted in other planting sites prepared with the FORRU’s common method and reduce
reforestation cost. The planting site of this research was dominated by Setaria geniculata and Pteridium
aquilinum, with more than 90% cover. Therefore, forest restoration work in the future should carefully

- consider this factor.
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Executive Summary

Land-use patterns in highland areas of northern Thailand are changing rapidly. It is difficult to predict
what the proportions of agricultural and conservation land areas will be. In the future, there may be an
increasing need for forest restoration and reforestation in degraded areas. The framework species
method of reforestation established by The Forest Restoration Research Unit (FORRU) at Chiang Mai
University has been promising in restoring degraded former agricuitural sites. However, this method has
never been fully replicated in Jifferent areas of northern Thailand. The Royal Forest Department (RFD)
has designated many abandoned agricultural fields to be reforested, but rather few tree species are
used in this program due to limited capacity of the RFD to produce adequate amounts of healthy
seedlings. In addition, some destined reforested areas are rather difficult to plant due to unsuitable
conditions such as infertile soil. As a consequence, the research reported here is replicating the
framework species approach to reforestation in a new area featuring similar in elevation as the original
FORRU site, but with different soil and microclimatic conditions. Research methodologies include a pre-
planting survey of the physical and biological characteristics of the proposed site, propagation of
seedlings in nurseries, transfer and planting of saplings, silvicultural treatments of saplings and
monitoring of sapling performance and biodiversity. The research has involved undergraduate students
who assisted with data collection and analyses yielding one or two forth-year special-problem projects as
a part of their degree requirement. Locail people have been involved in the research as tree planters,
care takers, and implementers of the results. The outputs from this research are suitable methods for
forest restoration for biodiversity conservation at different sites in northern Thailand and knowledgeable
researchers and local people who can design and perform forest restoration techniques for sustainable

biodiversity conservation.
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Introduction

(UNnu")

Much of the highlands of northemn Thailand is degraded, as a result of extensive pioneer shifting
cultivation (e.g. Hmong), as opposed to established shifting cultivation (e.g. Karen and Lua) (Bass and
Morrison, 1994). Pioneer shifting cultivators normally abandon their fields after they are cropped
repeatedly for several years, while established shifting cultivators return to their previously cropped fields

(Bass and Morrison, 1994). Established shifting cultivation is also called rotational shifting cultivation.

There have been numerous attempts by the government via the Royal Forestry Department (RFD), to
reforest the degraded highlands. Common tree species planted are pines and fast-growing non-native

species (e.g. Eucalyptus), which are often not suitable for the areas.

The Forest Restoration Research Unit (FORRU) at Chiang Mai University has been conducting research
on restoration of degrading forest land in northem Thailand since 1994 (Elliott et al., 1995). The
framework species method employed by FORRU has been promising in restoring degraded former
agricultural sites. The framework species method involves planting of 20-30 native tree species that can
suppress weeds, grow fast and provide shade and food for wildlife. However, the success of this method

has never been fully replicated in differeﬁt areas of northern Thailand.

Land-use patterns in highland areas of northern Thailand are changing rapidly. It is rather difficult to
predict what proportion of land will be for agriculture and conservation. In the future, there may be
increasing needs for "forest restoration” (Elliott and Anusarnsunthorn, 2001) and reforestation in

degraded and former shifting cultivation areas.

As a consequence, the research was conducted to implement the FORRU reforestation program in a
new area featuring similar elevation as the original FORRU site, but different soil and microclimatic
conditions. Results from this research will help with selecting appropriate forest restoration methods for
different sites in northern Thailand. The Chiang Mai Agenda stemmed from the proceedings of a
workshop on forest restoration for wildlife conservation held in Chiang Mai between January 30" and
February 4" 2000 fisted five main areas of needed research in forest restoration. The areas were 1)
plantation design, 2) seed dispers=', 3) fire ecology and management, 4) species selection, nursery, and
plantation techniques, and 5) sucial and community issues (Elliott, 2000 Elliott et al., 2000). The
research corresponded with two of the research agendas, which are #2 plantation design (“1.2

Establishing experimental plots to determine optional plantation design”) and #4 species selection,
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nursery, and plantation techniques (“4.1 Identification of framework species in different bio-region”)

(Elliott, 2000).
-~ . ar <,
Okjactives (3n1lszden)

1. To implement the FORRU reforestation program in a new area featuring similar elevation as the
original FORRU site, but different soil and microclimatic conditions.
2. To determine the best forest restoration methods for biodiversity conservation in different areas

of northern Thailand.
Research Methods (2%aa% Uaz A5N15AURITNK)

Location

The Mae Chaem Watershed is about 49 km wide (east-west) and 113 km long (north-south),
with a total area of about 400,000 ha. The watershed has about 96% of its area (354,200 ha), in the
Mae Chaem District, Chiang Mai Province, and the rest in Hod District. It ranges from 18° 10' to 19° @'
N, and from 98° 5' to 98° 30' E. The watershed can be geologically divided into three main parts; 1) the
new sediment valley at 190-500 m asl.; with 0-4% slopes, 2) the old sediment hills at 500-650 m asl.,
with 4-16% slopes up to 35% slope at some points, and 3) the highlands at 700-2,000 m asl., with more
than 35% slope.

Climate

The Mae Chaem Watershed has a monsoon climate like the rest of Thailand. From 1985-1999,
the mean monthly temperature was 21 °c (S.E. = 0.7), and the mean annual rainfall was 1,214 mm
(S.E. = 41) (Royal Forestry Department, 1999). In 2002, the average monthly temperature was 22.5 °c,
and the annual rainfall was 1,529 mm (Royal Forestry Department, 2002).

Vegetation

The Mae Chaem Watershed is characterized by five major forest types; hill-evergreen
(Castanopsis spp., Quercus spp.), hill-evergreen and pine (Pinus kesiya, P. merkusii), dry dipterocarp
and pine, dry dipterocarp (Dipterocarpus spp., Shorea siamensis), and mixed deciduous forests (Tectona
grandis or teak tree, Gmelina arborea). Generally, soils are slightly a-idic (pH 4-6). Their texture is sandy
clay. loam in the hill evergreen forest, and sandy clay loam to sandy clay in the dry dipterocarp and

mixed deciduous forests (Santisuk, 1988).
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Experimental Plot

The experiment plot was an RFD’s (Royal Forestry Department) designated permanent plot for
reforestation located near Toong Yah Village, Pang Hin Fon Sub-district, Mae Chaem District. The
average elevation of the plot is approximately 1,400 m asl. Predominant vegetation were Setaria
geniculata (Graminae), and Pteridium aquilinum (Dennstaedticeae). The area was formally an agricultural
field. At present, a part of the area is still grazed by cattle. The RFD has planted the area with some
tree species such as Acacia auriculiformis, Docynia indica, Melia azedarach, Prunus cerasoides, and
Pinus kesiya. However, these trees were not growing well possibly due to fire, cattle grazing, and

unsuitable silvicultural treatments.

Methods
1.1) Pre-planting survey

1.1.1. Soil physical properties including slope and aspect were recorded.

1.1.2. Soil chemical properties including pH, organic matter and macro-nutrient (N, P, K, Ca,
and Mg) contents were determined (Table 1)

1.1.3. Detailed surveys of plant species in the area (Table 2) and a nearby forest patch (Table
3) were done by a plant taxonomist. The surveys, using 4 circular plots of 5 m in diameter in an area of

1 Rai (0.16 ha), were conducted at the beginning and at the end of each growing season.

1.2) Propagation of seedlings in nurseries
Tree species used by FORRU (Mae Sa Mai village) were selected for experiments (Table 4).

Seedlings were prepared with the assistance of the FORRU's staff.

1.3) Transfer and planting of saplings

Six plots of 40x40 m2 each with similar slopes and aspects were selected for three control and
three treatment plots, respectively. Control and treatment plots, e.g. control plot # 1 and treatment plot #
1, were adjacent to each other in order to minimize variability between the two plots and enable paired
comparisons.  The planting density used was 500 trees/Rai (or 3,125 trees/ha) (Elliott and

Anusarnsunthorn, 2001).

1.4) Silvicultural treatments

Tiie treatment plots were fertilized and weeded with the same treatments as used by FORRU
(Elliott and Anusarnsunthorn, 2001):

1.4.1. 50g of fertilizer (15-15-15) were applied at time of planting and twice during the next two

rainy seasons.

1.4.2. Hand weeding was performed every four to six weeks.
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1.5) Monitoring of tree performance and biodiversity

1.5.1. Sapling survival (the treatment plots) was first determined after 2 weeks of planting.
Individual saplings were tagged before planting, and they were counted in order to calculate survival
rates at the end of first, and second year.

1.5.2. Height growth and crown width were measured at the end of first year (Table 6).

Table 1 Soil properties at Toongyah Village, Mae Chaem District, Chiang Mai

Soil Property ' 0-5cm* 5-15cm* 15-30 cm*
pH 4.97 497 5.00
Bulk density (g/cm’) 0.93

Organic matter (g/100 g soil) 7.77 6.40 4.39
Total nitrogen (g/100 g soil) 0.34 0.27 0.21
Available phosphorus (mg/kg 6.91 1.72 1.10
Extractable iron (mg/kg) 3.55 5.24 2.64
Extractable aluminum (mg/kg) 80.7 75.2 69.2
CEC (cmol /kg) 15.9 13.5 1.2
Sand (%) 69.1 74.2 68.2
Silt (%) +20.4 14.4 16.5
Clay (%) 10.5 11.4 15.4

*Averaged from 3 sampling points.



Table 2 Pre-planting plants at Toongyah Village, Mae Chaem District, Chiang Mai

Species Family
Ageratum conyzoides L. Compositae
Amaranthus viridis Amaranthaceae
gidens pilosa L. var. minor (Bl.) Sherff Compositae
Codonopsis sp.

Crassocephalum crepidioides Bth. ex S. Moore Comnasitae

Crotalaria albida Hey. ex Roth

Cyperus cyperoides (L.) O.K.

Cyperus kylingia Endl.

Desmodium repandum (Vahl.) DC.

Eupatorium adenophorum Spreng.

Eupatorium odoratum L.

Hypoxis aurea

Imperata cyclindrica (L.) P. Beauv. var. major (Nees) C.E.
Hubb. Ex Hubb. & Vaugh

Mikania sp.

Mitracarpus villosus (Sw.) DC.

Mucuna bracteata A. DC.

Phyllanthus amarus Schumm. & Thonn.

*Pteridium aquilinum (L.) Kuhn ssp. Aquilinum var. wightianum
(Ag.) Try.

*Setaria geniculata (Lmk.) P. Beauv. Synonym of Setaria
parviflora (Poir.) Kerg.

Sida rhombifolia L. ssp. rhombifolia

Smithia sp.

Triumfetta pilosa Roth

Urena lobata L. ssp. Lobata var. lobata

Vigna angularis (Willd.)

Leguminosae, Papilionoideae

Cyperaceae

Leguminosae, Papilionoideae
Compositae

Compositae

Gramineae

Rubiaceae

Leguminosae, Papilionoideae

Euphorbiaceae

Dennstaedtiaceae

Gramineae

Malvaceae

Tiliaceae

Malvaceae

Leguminosae, Papilionoideae

* These two were the most abundant species covering about 90% of the experiment plots. All other

species covered the rest 10% of the studied area.
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Table 3 Plants found in a less-disturbed forest patch near the planting site, Toong Yah

village, Mae Chaem district, Chiang Mai

Species Family
Adinandra integerrima T. And. Ex Miq. Theaceae
Alstonia rostrata Fischer Apocynaceae
Betula ainvides Ham. ex D.Don Betulaceae
Castanopsis diversifolia (Kruz) King ex Hk. f. Fagaceae
Castanopsis tribuloides (sm.) A. DC.* Fagaceae
Chionanthus ramiflorus Roxb. Oleaceae
Diospyros glandulosa Lace Ebenaceae

Elaeocarpus floribundus BI. var. floribundus

Engelhardia serrata Bl. var. serrata

Engelhardia spicata Lechen ex Bl. var. integra (Kurz) Mann.
Eryobotrya bengalensis (Roxb.) Hk. f. forma bengalensis
Eurya acuminata DC. var. wallichiana Dyer

Gnetum leptostachyum BI.

Lithocarpus elegans (Bl.) Hatus. ex. Soép‘

Lithocarpus spicatus (Sm.) Redh. & Wils. Var. brevipetiolatus (A. DC.) Rehd.

Litsea salicifolia Nees ex Roxb.
Machilus bombycina King ex Hk. f.
Maesa montana A. DC.

Melastoma malabathricum L. ssp. normale (D.Don) K.Mey.
Michelia champaca L. var. champaca
Saurauia roxburghii Wall.

Schima wallichii (DC.) Korth.*

Sterculia balanghas L.

Sterculia villosa Roxb.

Styrax benzoides Craib.

Turpinia pomifera (Roxb.) Wall. ex DC.

Wendlandia scabra Kruz. var. scabra

Elaeocarpaceae
Juglandaceae
Juglandaceae
Rosaceae
Theaceae
Gnetaceae
Fagaceae
Fagaceae
Lauraceae
Lauraceae
Myrsinaceae
Melastomaceae
Magnoliaceae
Saurauiaceae
Theaceae
Sterculiaceae
Sterculiaceae
Styracaceae
Staphyleaceae

Rubiaceae




Table 4 List of tree species planted at Toongyah Village, Mae Chaem District, Chiang

Mai
keicrence No  Species %'a‘l*rm
23 Archidendron clyspermia 1asdan
32 Betula alnoides MaaFalas
6 Castanopsis tribuloides Aaluifay
28 Elaeocarpus prunifolius M:&ju nau
22 Eugenia fruticosa -
25 Ficus collosa &!:Laam’m
11 Ficus fistulosa Reinw. ex Bl. var. fistulosa M:Laaﬂ 809
27 Hovenia dulcis NUBURY
34 Lithocarpus elegans nanau
15 Ostodes paniculata UAIAY
35 Phoebe lanceolota Yaaa (Boalnai)
29 Podocarpus neririfolius wry’ﬂ.&'f
17 Prunus cerasoides D. Don mowrymﬁaiaio
24 Quercus kerrii nauwne
36 Rhus rhetoides -
21 Sarcosperma arboretum uzee
33 fnaInad

15
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Results (Nan’l‘iﬁn‘h}’\)

1. Sapling Survival

The planted sapling achieved high survival rates, up to 100%, 2 weeks after planting (Table 5).
However, the survival rates declined dramatically at the end of the first and the second growing seasons.
The declining survival rates might be caused by strong winds prevailing in the area resulting in
desiccation (browning of leaves) and death of the saplings. The survival rates of the saplings at the end
of the first and the second growing seasons are shown in Table 5. None of the seedlings achieved

survival rates above 50%, which was an acceptable level for framework species (Elliott et al., 2003).

2. Sapling Performance

Root collar diameter, height, and crown width of the saplings are shown in Table 6. None of the
sampling achieved acceptable height (1.5 m) and crown width (1.8 m) of FORRU's acceptable values
(Elliott et al., 2003).
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Table 5 Survival percentages of planted tree species at Toong Yah village, Mae Chaem

district, Chiang Mai

2 weeks after End of 1st End of 2nd Elliott et al.
planting growing growing (2003)
(July 2004) season season
(Mar 2005) (Mar 2006)

Archidendron clyspermia . 97 54 5 -
Betula alnoides 88 20 4. -
Castanopsis tribuloides 88 51 0 -
Elaeocarpus prunifolius 96 40 4 -
Eugenia fruticosa 97 72 23 -
Ficus collosa 95 65 23 -
Ficus fistulosa 90 46 10 -
Hovenia dulcis 90 70 20 80*

85.4*
Lithocarpus elegans 95 70 27 -
Ostodes paniculata 91 41 1 -
Phoebe lanceolata 92 63 15 -
Podocarpus neririfolius 89 33 9 -
Prunus cerasoides 88 31 2 86.7*

47.9*
Quercus kerrii 100 71 15 -
Rhus rhetoides 96 41 0 -
Sarcosperma arboreum 96 56 -
faIney 81 48 -

*At FORRU’s Mae Sa Mai site (planted in 1998) (Elliott et al., 2003).
** At FORRU's Mae Sa Mai site (planted in 1999) (Elliott et al., 2003).
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Table 6 Two-year growth of planted tree species, Toong Yah village, Mae Chaem

district, Chiang Mai

Reference Species N Average Size Average Height Average
No (Root Collar {cm) Crown Width
Diameter, mm) (cm)
23 Archidendron clyspermia 4 1.07 (0.8) 24.5 (14.6) 17.3 (5.1)
32 Betula alnoides 3 0.75 (0.5) 23.0 (14.1) 13.0 (7.1)
6 Castanopsis tribuloides 0 - - -
28 Elaeocarpus prunifolius 3 1.08 (0.4) 28.3 (6.7) 17.0 (3.6)
22 Eugenia fruticosa 17 54 (0.2) 18.1 (6.4) 13.0 (6.5)
25 Ficus collosa 18 1.05 (0.4) 38.2 (13.5) 28.9 (14.4)
11 Ficus fistulosa 6 1.27 (0.8) 39.7 (24.0) 15.8 (8.3)
27 Hovenia dulcis 15 1.05 (0.3) 57.3 (25.8) 15.7 (7.5)
34 Lithocarpus elegans 22 0.95 (0.4) 35.2 (15.1) 22.6 (6.8)
15 Ostodes paniculata 0 - - -
35 Phoebe lanceolota 11 0.62 (0.2) 29.2 (11.7) 16.3 (5.6)
29 Podocarpus neririfolius 5 0.56 (0.5) 20.0 (3.1) 13.8 (4.4)
17 Prunus cerasoides 2 0.72 - 225
24 Quercus kerrii 12 0.95 (0.5) 21.8 (7.3) 16.0 (5.0)
36 Rhus rhetoides 0 - - -
21 Sarcosperma arboretum 2 0.59 240 -
33 fDINDU 5 0.66 (0.5) 30.0 (17.5) 17.0 (11.0)

Numbers in parentheses are standard deviations.
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Appendix 2 Figures

1

Figure 2 Twenty-two month old Ficus collosa (u:tﬁam’m)



Figure 4 Twenty-two month o
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olata (Ua8v)
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Figure 5 Twenty-two month old Podocarpus neririfolius (Wmﬂvl,ﬁ')
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Figure 6 Twenty-two month old Quercus kerrii (NaLNL)
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Figure 7 A Leaning Tree Possibly Affected by Strong Wind
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