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ABSTRACT

Although legumes may grow poorly in some acid soils, swidden farmers in
Huai Teecha village in Mae Hong Son province, Thailand, grow legumes in soils that
are acidic and low in phosphorus (P) without visible symptoms of stress. In their
rotation system, a fallow-enriching tree, Macaranga denticulata, is encouraged to
regenerate. Previous research has shown that this tree is highly dependent on
arbuscular mycorrhizal fungi (AMF) and it has been demonstrated that this symbiotic
partnership helps to maintain soil fertility. Furthermore, AMF from Teecha have been
shown to improve nutrient uptake and growth of upland rice, job’s tears and sorghum
under conditions where soil P supply limits crop growth. Whether the AMF can
benefit legumes in acid soil is the focus of this thesis.

To evaluate the AMF status of legume crops in Teecha, a survey was
conducted in farmers’ fields in July 2005. Roots of cowpea (Vigna unguiculata L.
Walp.), winged bean (Psophocarpus tetragonolobus DC. Stickm.) and yard-long bean

(Vigna unguicultata sesquipedalis L. Fruw.) were sampled and found to be heavily



colonized by AMF, with % root colonization correlating negatively with soil pH and
available P. These results led to the hypothesis that legumes are more dependent on
AMF in acidic than in non-acidic soil due to the adsorption chemistry of phosphate in
acid soils.

In order to investigate this hypothesis, cowpea was selected as a model species
because it is widely grown in both the uplands and lowlands of northern Thailand. To
assess whether improved and local cowpea lines differ in their mycorrhizal
dependency with the indigenous AMF population in Teecha, a field experiment was
set up in May 2008 with three improved cowpea lines (ITD-1131, cv. Ubon
Ratchathanee and IT90K-227-2) and a local line in 3 farmer’s fields with acid soil
(pH 5.08 to 5.65) and Bray Il P between 0.74 and 2.79 mg/kg. At 50 days after
sowing, roots of all improved and local cowpea lines were heavily infected by AMF
(70 to 90%) and the P concentration in the youngest fully expanded leaf was in the
sufficient range. The cv. Ubon Ratchathanee was then selected for pot studies.

To determine whether the indigenous AMF in Teecha can alleviate acid soil
stress, Ubon Rajathanee was grown in a pot experiment [Sansai soil 3.8 mg Bray Il
P/kg and pH (1:1 H,0) 5.9] in Chiang Mai University. The experiment was arranged
in factorial in RCB design consisting of two levels of pH (5.0 and 6.7 by adding
Aly(SO4)3 18H,0 or CaCOg, respectively), three levels of P fertilizer (16, 33 and 45
kg P/ha applied as KH,PQ,4) and with or without AMF inoculation (50 g soil
inoculum containing 1,250 AMF spores (AM+) and autoclaved inoculum (AMO),
respectively. To produce the inoculum, soil was taken from the rhizosphere of M.
denticulata in Teecha, and mixed AMF spores were multiplied in association with

Mimosa invisa Mart in pot culture. At 50 days after sowing at the pod filling stage,
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root colonization in AM+ plants ranged from 40 to 57% and it was not affected by
soil acidity or P application. There was no fungal colonization in roots of AMO plants.
Total dry weight of AMO plants was depressed by soil acidity but dry weight of AM+
cowpea was not affected. The effect of AMF, however, varied with the P level: in P16
and P33 plants, AMF increased total dry weight by 34 and 37%, respectively, but had
no effect at P45. It was concluded that AMF improved cowpea growth primarily by
improving P uptake efficiency; there was a higher P uptake per unit root weight in
AM+ than AMO plants.

The soil inoculum in the above experiment contained mixed species of AMF
spores and possibly other beneficial microorganisms. To identify specific mycorrhizal
effects, single spore pot cultures were set up with M. invisa in 5 kg autoclaved Sansai
soil (4.2 mg Bray Il P/kg, pH 5.0). One isolate of an Acaulospora morrowiae CMU22
was successfully multiplied.

A pot experiment was arranged to compare effect of different inoculum types
on cowpea growth. The experiment was arranged in RCB design. The Ubon
Ratchathanee improved cowpea variety was growth in acid low P soil (pH 5, 11 mg
P/kg) and inoculated with 4 different inoculum types. Un-inoculated cowpeas were
used as control. The 4 inoculum types consisted of 1. Soil from root zone of
Macaranga containing mix species AMF spores (Ma) 2. Soil from mimosa root zone
containing spore of Acaulospora morrowiae CMU22 (Mi) 3. Spore of Acaulospora
morrowiae CMU22 (Ac) 4. Mycorrhiza infected root fragments of Macaranga (RF).
Rate of inoculating spore in Ma, Mi and Ac was varied in 3 levels (100, 250 and 500
spores /plant). At 46 days after sowing cowpea inoculated with RF had highest root

colonization that was higher than Mi and Ac but not different with Ma. Cowpea in all
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inoculated treatments had higher biomass yield than control. The Mi, Ac and RF had
same effectiveness to promote cowpea growth. While Ma was more effective than Mi
and Ac but not significant different with RF. Increasing spore rate had no effect in Mi
and Ac but it increase cowpea growth in Ma.

To determine if results from the previous experiment have been partly or
whole affected by the other soil micro-organisms, two further pot experiments were
then conducted, one with mimosa and the other with cowpea (cv. Ubon
Ratchathanee).. Cowpea and mimosa were grown in 5 L pots containing 3.6 kg of
Sansai soil (11 mg Bray 1l P/kg, pH 5.0) at density 3 and 10 plants/pot, respectively.
The experiments were arranged in RCB with 3 replications. Each pot was inoculated
with one of the following treatments: 1) 22 g soil from the rhizosphere of Macaranga
containing 1,500 AMF spores (Ma) of mixed species; 2) 1,500 surface sterilized
spores extracted from Ma plus 22 g of autoclaved Macaranga soil (Ma-spore); 3)
1,500 surface sterilized Acaulospora morrowiae CMU22 spores plus 22 g of
autoclaved Macaranga soil (Ac-spore); and 4) 22 g autoclaved Macaranga soil as the
control.

At 59 days after sowing (pod filling stage), all inoculated treatments had the
same root colonization and no root colonization was found in uninoculated control.
Ma increased the biomass yield of cowpea and M. invisa as much as Ac-spore, but
Ma-spore failed to promote growth of either plant species. Plants in the Ac-spore and
Ma treatments also had higher P contents than the Ma-spore and control treatments.
Thus, the single spore isolate of Acaulospora morrowiae CMUZ22 was as effective as

the soil inoculum with mixed species of AMF.



viii

From this study, it has been shown that AMF have the potential to directly
benefit cowpea growing in acid soil low in available P. This benefit was demonstrated
from root colonization under three situations: (a) with native mixed species of AMF
associated with the fallow enriching tree M. denticulata in a shifting cultivation
system adapted to acidic low P soil; (b) with mixed species of native AMF multiplied
in the rhizosphere of M. invisa; and (c) with spores of Acaulospora morrowiae
CMU22 isolated from this native AMF population. However, the effect of AMF
infected root fragments on root colonization, P uptake and plant growth showed that
infected roots provide another source of inoculant, in addition to the spores, in the soil
inoculum taken from the root zone of the host. The effectiveness of soil inoculum
from the root zone of M. denticulata exemplifies how an AMF population maintained
by a key indigenous host can be beneficial to annual crop species in the cropping
system. The possibility that M. invisa, and other easy to grow annual species, can
function as a key host to the AMF that can benefit other annual species including

weeds in the same cropping system is novel and should be further explored.
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