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ABSTRACT

The ecological influences of a tea-based highland agroforest on storages of carbon,
nutrients and water in Pa Pae sub-district, Mae Taeng district, Chiang Mai province were studied.
Two sites were selected, Mae Khrai (Site 1) and Pang Ma O (Site 2) villages. Five sampling plots,
each of size 40 x 40 m”, were used for vegetation survey in plant communities. The stem girths at
1.3 m above ground and heights of all tree species of height >1.5 m were measured in these plots.
Densities of tea in the agroforest of Site 1 varied between 36 and 166 tree rai". The species
richness of forest trees varied among plots, 12-27 species with a total of 47 tree species (44
genera, 30 families), and had densities of 15 to 59 tree rai. As for Site 2, the species richness
varied between 16-31 species with a total of 66 species (59 genera, 36 families), and densities of
34 to 74 tree rai . The dominant trees in Site 1 were mainly Schima wallichii and Lagerstroemia
tomentosa whereas Fernandoa adenophylla, S. wallichii and Castanopsis ferox were dominated
in Site 2. The species diversity using Shannon-Wiener Index (SWI) was higher in Site 1 (2.06),
and lower in Site 2 (1.87). Three individuals of tea were cut for making allometric equations. The
biomass of shade trees was calculated using allometric equations of Tsutsumi ef al. (1983).

Soils in agrogorest of Site 1 (Mae Khrai) and Site 2 (Pang Ma O) were the same type
with similar physical and chemical properties. However, they were somewhat difference of water

storage in subsoils. The soils were more than 200 cm in depth, and with 2-5 cm organic layers.



The developing soil profiles were A-BA-Bt with the high clay accumulation in subsoils, and
classified into Order Ultisols, Suborder Humults. Bulk densities in the surface soil were
moderately low to low, and moderate to moderately low in subsoils. Textures in the surface soils
were sandy clay, sandy clay loam and sandy loam whereas those in subsoils were sandy clay
loam, clay loam and clay. Surface soils had moderately acid to strongly acid while subsoils were
slightly acid. The high contents of organic matter and carbon were found in surface soils and
lower in subsoils whereas nitrogen contents were moderately low to medium, and very low in
subsoils. Available phosphorus concentrations were very low throughout soil profiles. Extractable
potassium contents were very high in surface soil and high in subsoil whereas the extractable
calcium and magnesium were medium in surface soil and low in subsoil, and the extractable
sodium was very low throughout the soil profiles.

Within 200 cm soil depth, the amounts of nutrients in Site 1 and Site 2 were different,
organic matter : 233.74 and 184.11 Mg ha", carbon : 135.55 and 106.77 Mg ha’, total nitrogen :
11847.02 and 9206.12 Mg ha', available phosphorus : 18.74 and 19.57 kg ha', extractable
potassium : 2756.89 and 3650.95 kg ha', extractable calcium : 4051.13 LAY 3971.46 kg ha',
extractable magnesium : 1605.20 0¥ 252.84 kg ha', and extractable sodium : 255.81 L@ Y
252.84 kg ha', respectively.

Biomass amounts of tea in Site 1 and Site 2 were 2.77 and 2.19 Mg ha’, respectively,
whereas those of forest species were in the following order: 255.28 and 160.53 Mg ha". The total
carbon storage in plant biomass of Site 1 was 127.53 Mg ha', higher than Site 2 (80.40 Mg ha').
The carbon amounts stored in tea biomass of the two sites were 1.35 a0 & 1.07 Mg ha',
respectively (1.06% and 1.33% of total carbon storage in plant biomass).

Nutrients stored in plant biomass of agroforests in the two sites were different.
Nitrogen, phosphorus, potassium, calcium and magnesium in Site 1 were 185.20, 22.54, 92.02,
368.33 and 55.42 kg ha', respectively, while those in Site 2 were in the following order : 117.59,
14.08, 58.37, 232.06 and 34.99 kg ha .

Amounts of water storage in tea biomass of Site 1 and Site 2 were calculated to 2.8 1
and 3.25 m’ ha respectively, whereas those of forest species were in the following order: 275.31
and 172.50 Mg ha'. The tea in these sites could store the water amounts of only 1.01% and 1.85%

of the total biomass water. The maximum potentials of soil water storages within 2 m depth of the



two sites were measured at 9281.38 and 9233.94 m” ha ', respectively. The water storages in soils
on 12th July 2013 (middle rainy season) were determined to 6814.31 m’ ha' and 6144.69 m’ ha,
respectively, (73.42% and 66.54% of the maximum capacity).

Carbon storage in agroforest ecosystems of Site 1 was calculated to 42.09 Mg rai’
(263.08 Mg ha') that was higher than Site 2 (29.95 Mg rai, 187.17 Mg ha'). Nitrogen storage in
Site 1 was 2.08 Mg rai ' (13.03 Mg ha™"), higher than Site (2 1.59 Mg rai ', 9.94 Mg ha'). As for
other nutrients, the total amounts in plant biomass and extractable amounts in soil were
considered, phosphorus in Site 1 and Site 2 : 26.04 kg rai' (162.77 kg ha) and 17.21 kg rai’
(107.59 kg ha ), potassium : 535.16 kg rai ' (3344.75 kg ha') and 642.52 kg rai' (4015.78 kg h,
a'), calcium : 1024.72 kg rai' (6404.49 kg ha') and 867.49 kg rai (5421.83 kg ha'),
magnesium : 313.47 kg rai’ (1959.16 kg ha ) and 353.97 kg rai ' (2212.34 kg ha ). The amounts
of these nutrients in soil of Site 1 were higher than those in Site 2.

Water storage in the agroforest ecosystem was occurred mainly in plant biomass and
soil system. The maximum water capacity of agroforest in Site 1 was 1529.50 m’ rai”’ (9559.51
m’ ha') whereas that in Site 2 was 1505.54 m’ rai (9409.63 m’ ha''). The water stored in plant
biomass in agroforests of Site 1 and Site 2 varied between 28.11-44.50 m’ rai’.

The tea-based agroforest ecosystems could store the appreciable amounts of carbon,
nutrients and water that beneficial to the highland watershed ecosystem as reducing global
warming problem, flash flood, drought and water supply for the villager livelihood in highland

and lower land communities.



