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Abstract

In Northern Thailand, Pwo Karen farmers of Tee Cha village in Mae Hong Son
province manage Macaranga denticulata, a local pioneer tree species to enrich their
shifting cultivation syétem with short fallow, for subsistence production of upland rice
and other useful plants. The purposes of this thesis were to examine the farmers’
management of the fallow and crop diversity in short rotational shifting cultivation, to
evaluate variation at different successional stages of fallow vegetation and the
dominance of various stages of Macaranga in shifting cultivation cycle, and
determine the effects of Macaranga on yield of upland rice.

The study involved examination of farmers’ r;lanagement of the fallow and crop
diversity in the face of change and their efforts to encourage Macaranga in shifting

cultivation fields. Different study approaches conducted included participatory rapid



appraisal (PRA), village and land use survey, group discussion, and key informant
interview. Variations in fallow vege'ation in different successional stages and
dominance of Macaranga in various stages of the shifting cultivation cycle were
determined by comparing effects of different Macaranga densities within fields of
different ages over the course of the rotation cycle such as species number and species
composition, production of the fallow in biomass and nutrient storage. The
reproductive rate of Macaranga, namely, seed production, soil seed stores, and
numbers of seedlings and adults of Macaranga, was determined for each site. The
effects of dense and sparse Macaranga density on yield of upland rice were
determined. In addition, other methods to restore fertility in the area were examined
by applying ash from burnt biomass and chemical fertilizers. The effect of indigenous
mycorrhizal fungi on growth and nutrient accumulation of Macaranga was also
evaluated.

Management decisions in shifting cultivation were found made at communal
and household level. Many rules, customs and traditions are being kept although there
are many changes in customary land allocation and ownerships, management of
fallows and the role of natural leaders. The maintenance of shifting cultivation in Tee
Cha is also relating to the maintenance of crop diversity during the cropping year and
fallow years. They employ many practices aiming to maintain survival, growth and
development of Macaranga, which are key to successful regeneration of the fallow
forest.

Farmers’ - management of dominant Macaranga in the fallow area did not
affect species diversity and species composition for forest fallow regrowth in this

relatively short rotation cycle. This management is thus highly successful, in term of



viii

ecological succession. The higher Macaranga density was associated with high
biomass production of the fallow vegetation, which was reflected in greater nutrient
accumulation below as well as above ground, within the limited rotation cycle of only
7 years. For thé dynamics of Macaranga reproduction, its seed is relatively short-
lived and almost total loss in viability within only 7 months after fruit maturity. The
recruitment of seedlings is very large (220 to 280 seedlings m™) but the survival of
seedlings in the first year of fallow is very low (< 1.5 %). The seedling competition
within and between species could be very strong at early stages of fallow regrowth
and led to self-thinning of Macaranga, before stabilizing, at 10 to 40 plants m? by the
end of the cropping year.

After seven years of regrowth, densely populated Macaranga patches
accumulated 43 ton ha” of above ground biomass, 20% more than sparse patches.
The biomass in dense Macaranga contained disproportionately more P, K, Ca and Mg
(34%, 92%, 80% and 107% more, respectively) than in sparse Macaranga patches and
higher when comparing with the mature fallow of 8 years rotation in the village of Pa
Pae in the same vicinity with no Macaranga. In arcas of densely populated
Macaranga, grain yield of upland rice, was relatively stable through the whole course
of rotation with an average at 2.62+(0.08 tons ha''. In sparsely populated area, rice
yield was much lowér and fluctuated much more, with an average of 1.32+0.21 tons
ha™', ranging between 0.83-1.87 tons ha™.

The growth and nutrients accumulation of Macaranga plants were found to be
highly dependent on arbuscular mycorrhizal (AM) fungi. When N was not limiting,
dry weight and nutrient accomulation in Macaranga seedlings were increased by AM

fungi just as much as by P fertilizer.



Nutrients accumulated under dense Macaranga were enough to produce 4.27
ton ha™ biomass with 2.35 ton ha™ of grain yield of upland rice. That this effect was
partly in the above ground biomass was reflected in a reduction of some 20% in the
rice grain yield and total above ground dry matter when ash from the biomass was
removed. Transferring the same amount of ash present in dense to sparse Macaranga
patches succeed in increasing the rice grain yield from 0.68 to 1.11 ton ha™ and total
above ground dry matter from 1.26 to 1.83 ton ha™'. This suggests that a significant
part of the effect of dense Macaranga was below ground. Applying N and P fertilizer
had about the same effect on grain and dry matter yield of rice as the ash application.
Further increase in rice yield, to 2.01 ton ha™ grain and 3.06 ton ha™ above ground dry
matter was obtained in sparse Macaranga patches when N and P fertilizers were
applied together with the ash. Liming effects of the ash, detected in a rise in soil pH
after burning, appeared to be very important to rice production on this highly acidic
soil. Adding more ash and application of N and P fertilizers to dense Macaranga
patches had no further effect on the rice yield grain and dry matter yield.

In conclusion, this thesis has confirmed that, the Pwo Karen of Tee Cha village
in Northern Thailand could manage the short cycle of rotational shifting cultivation
system to improve crops productivity, stability and sustainability by using Macaranga
denticulata to enrich the fallow. This thesis showed mechanism for soil fertility
improvement by Macaranga tree in symbiosis with mycorrhizal fungi. The farmers
successfully manage dominant Macaranga in the fallow field and conseﬁe and
maintain abundant diversity of crops in the cropping phase and useful and natural
species in the fallow phase in the shifting cultivation system. This thesis has

demonsirated that shifiing cultivation, instead of leading to forest destruction as is



commonly believed, can actually help in forest regeneration and conserving

biodiversity of wild and cultivated species, including a rich genetic diversity of local

rice germplasm, while supporting a relatively productive cropping system. Remaining
to be studied further in this area of sustainable management of shifting cultivation are
the following issues.

e What is the lower time limit for the Macaranga enriched fallow period below six
years but above three years which have been shown to be insufficient?

e If not seed production and recruitment of seedlings, which were clearly not
limiting, what causes much more severe self thinning sparse Macaranga patches,
leading to its patchiness?

e How this system might be transferred to other shifting cultivation systems on

acidic, infertile soils in the region?
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