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ABSTRACT

Farmers of the Karen ethnic group who live in Huai Tee Cha village, Mae
Hong Son in northern Thailand, still practice rotational shifting cultivation or swidden
agriculture system. After each season of cropping the field is left to allow the fallow
forest to regenerate for 6 years, to be slashed and burned and cropped again with
upland rice and other swidden crops in the 7" year. A very important element in the
system is pada (Macaranga denticulata Muell. Arg.), a fallow enriching tree.
Previous reports have established the role of pada in improving soil fertility and
maintenance of rice production. Furthermore, this tree has been reported to be
strongly dependent on arbuscular mycorrhizal (AM) fungi especially, in low P soil.
However, the role of AM fungi, contributes to the yield of upland rice and other
swidden crops in the system is unknown. The purposes of this thesis were to examine
the association of swidden crops with AM fungi in farmers’ fields and to evaluate the
role of AM fungi on growth, seed yield, seed quality and nutrient uptake in these
swidden crops experimentally. Five food crops comprised of upland rice (Oryza

sativa cv. Bue Bang), Job’s tears (Coix lachryma-jobi), corn (Zea mays), sesame
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(Sesamum indicum), and sorghum (Sorghum bicolor) and pada were investigated in
the association with AM fungi in farmers’ fields. Soils in the farmer’s fields were
mildly acidic to neutral (pH 5.2 to 7.0) and showed diversity in P status (6.8-271 mg
kg soil, Bray II) but not in N (0.29-0.35% total N) or K (103-130 mg kg™). The
roots of all plants investigated were colonized by AM fungi with upland rice and corn
with the highest percentage of infection (> 90%), followed by Job’s tears (75%), then
sorghum (50%), and sesame (45%). Rhizosphere spore density ranged from 160
spores 100 g soil for pada and sorghum, to 120 for sesame and half of this in Job’s
tears, corn and upland rice. These results suggest that swidden crops in northern

Thailand have a close association with indigenous AM fungi.

Four of the food crops (all of the above except sesame) and pada were grown in
pasturized soil in pots with two rates of phosphorus (3 and 30 kg P ha™) and AM
inoculation (autoclaved or fresh spore inoculum taken from the rhizosphere of pada in
a shifting cultivation field). Except for upland rice, inoculation at P3 increased total
dry weight of all plants and none of the food crops showed a response to inoculation
at P30. Seed yield at P3 was increased by inoculation in sorghum and upland rice and
at both P3 and P30 in Job’s tears. Moreover, inoculation increased N and P uptake in
all plants at P3. Root colonization by AM fungi in upland rice was low, 39% at P3
and 27% at P30. The root system of the other crop species was heavily colonized by
AM fungi, especially in P3 (80 to 100%). Spore densities declined from P3 to P30
and Acaulospora was the dominant spore type associated with all the four of food
crops.

The influences of AM inoculation: Scutellospora (AM1) and mixed AM spore
taken from the rhizosphere of pada in a shifting cultivation field (AM2), on two rice

varieties: Bue Bang (upland rice) and KDML 105 (lowland rice) were investigated in
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aerobic soil condition with two rates of P [1 (P1) and 10 (P10) kg P ha'].
Arbuscular mycorrhizal fungi had no effect on vegetative growth or seed yield of Bue
Bang and KDML 105. However, inoculated plants with AM2 had different effects on
some aspects of the nutrition of the two rice varieties. At both P levels, AM fungi
enhanced P and Cu concentrations in brown rice of both varieties. In addition, AM
inoculation also increased S in the husk of Bue Bang and AM2 enhanced S
concentrations more than by AMI.

The extent of root colonization by AM fungi was affected by P and
inoculation. The percentage root colonization of the two cultivars was similar (over
90%) when inoculated with AM2 and there was no effect of P fertilizer. However,
with AM1 root infection was depressed by P. Spore density of AM fungi varied with
rice variety, AM inoculation and P level (V x AM x P, P < 0.05). At both P levels,
Bue Bang had higher AM2 spore counts than KDML 105. However, increasing P
from P1 to P10 strongly depressed AM2 spores of Bue Bang. Fewer spores of AM2
were produced in the rhizosphere of KDML 105 (3 and 1 spore g soil at P1 and P10,
respectively. Adding P did not depress AM1 spore number in either KDML 105 or
Bue Bang. The greatest spore numbers were found in Bue Bang when inoculated
with AM2 (32 spores g soil). Acaulospora was the dominant genus of mixed AM
fungi.

In conclusion, this thesis has illustrated that AM fungi from the rhizosphere of
pada can directly contribute to swidden crops, especially at low P. Variation in the
response to AM fungi was found among the different swidden crops and also between
the two rice varieties examined. The anomalies in rice responses to AM remain to be
explained. Rhizosphere of different swidden crops and different rice variety showed

difference of spore density. In addition, the effect of P on spore number differed
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among plant species. Acaulospora was the most abundant spores in the rhizosphere
of all food crops. This study has shown how valuable the symbiosis with AM fungi
can be for some swidden food crops. The role of this hidden, underground resource
should be born in mind when introducing changes to cropping systems such as
shifting cultivation unless fertilizer inputs are made available and affordable to

farmers.
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