
Introduction
Highly weathered acid soils in the tropics are widely deficient in
phosphorus (P). Acid soils cover most of the areas in the tropics
including degraded ex-tin mining lands (tin tailings) in Malaysia.
Due to inefficient utilization of soluble superphosphates by crops
in these soils less soluble and less expensive phosphate rocks
(PRs) have been suggested for crop production. Direct application
of PRs in oil palm has been a standard practice in Malaysia since
1930s1. The PRs from different sources differ in their physical,
chemical and mineralogical properties; and hence in their solubility
and availability of P to crop plants2. Because of such differences
it is most likely that crop performance with different PR sources
might also vary.

The arbuscular mycorrhiza (AM) fungi are known to improve
plant uptake of immobile nutrients particularly P from high
P-fixing soils and also from the less soluble P sources like PRs. It
is therefore likely that plants infected with AM fungi can
significantly benefit from PR application in these soils.
Improvement of P nutrition helps in root development and
nodulation of legumes. Acacia species depend on adequate P
supply for good nodulation and rapid growth3. Acacia mangium
has also been found to respond favourably to AM inoculation
especially at low levels of soil solution P4. Mycorrhiza inoculation

helps legumes increase their nodulation and thereby biological
N2-fixation through improved P nutrition. The information
suggests that application of PR in combination with AM
inoculation might help in root development, nodulation and N2-
fixation in A. mangium seedlings. The AM infected seedlings are
also expected to perform better in the field; because the AM fungi
could be carried over to the field through AM colonized roots
and spores in the rhizosphere soils.

The present investigation was therefore undertaken to observe
the effect of different P sources in combination with AM
inoculation on root development and nodulation of A. mangium
seedlings grown on degraded tin tailings.

Materials and Methods
The experiment was conducted in the glasshouse of Universiti
Putra Malaysia (UPM), Malaysia in split plot design with four
replications. Mycorrhiza inoculation was allocated to the main
plot and P source to the sub-plot. Two AM inoculation treatments,
viz., (i) with AM and (ii) without AM in combination with three P
sources, viz., (i) GPR, (ii) CPR and (iii) TSP, and a control (without
P) were studied. Six sets of this combination were established for
destructive sampling at 60, 75, 90, 105, 120 and 135 days after
planting (DAP). Fertilizers were used at the rate of 50-40 to 2.5-5.0
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mg PKMnS and 0.32 g dolomite per kg soil. Sterilized (fumigated)
tin-tailings (3.5 kg/pot) were used as the potting media. The soil
was deficient in P. The other nutrients, cation exchange capacity
(CEC) and organic carbon contents were also low. The physical
and chemical properties of the soil had been reported earlier5.

Acacia mangium was used as the test species. Seeds of
A. mangium were treated with hot water at 80oC for 5 min, soaked
overnight, mixed with Rhizobium inoculum and then sown in
sterilized sand. Seedlings were transplanted to the pots at 21
days after sowing (DAS). In the AM inoculated treatments, a
hole of 2.5 cm in diameter and 6 cm in depth was dug at the centre
of the potting media. Fifty grams of mixed AM inoculum (Glomus
mossaeae, Gigaspora gigantica and Scutellospora calospora)
with 165 spores/10 g soil along with mycelium and infected root
pieces of the host plant (setaria grass) was placed in the hole. A
1-cm layer of soil was placed on the inoculum. The seedling was
planted at the centre of the hole above the inoculum soil to ensure
penetration of the roots through the inoculum. Control plants
were similarly treated using steam sterilized inoculum soils.
Watering and other cultural operations were done as and when
necessary. The plants were harvested as per schedule mentioned
earlier. Nodules were separated from the roots. Root volume was
measured by water displacement method using a measuring
cylinder. The roots and nodules were then oven-dried at 70oC to
constant weight in an air-ventilated oven. Dry weight of roots
and nodules were recorded separately. Data were analysed using
the statistical package MSTAT-C.

Results and Discussion
Root development
Mycorrhiza inoculation and P fertilization significantly influenced
root development of A. mangium seedlings. Root biomass and
root volume of AM inoculated seedlings were significantly higher
(71 and 70%, respectively) than that of uninoculated seedlings
(Table 1). Azizah et al.6 also found better growth of three tropical
forest species with AM inoculation on sandy tailings.

Table 1. Effect of arbuscular mycorrhiza (AM) on root and nodule
variables of Acacia mangium seedlings in the glasshouse of UPM,
Malaysia

Treatment Root Root Nodule Nodule
biomass volume number weight
(g/plant) (cm3) (No./plant) (mg/plant)

With AM 4.59 31.43 109 123.6
Without AM 2.69 18.54 75 75.9
F-Test ** ** ** **

Interaction effect of AM and seedling age on root biomass yield
and root volume was significant. Figure 1 and 2 show that root
biomass and root volume of AM inoculated seedlings were
significantly higher than that of uninoculated seedlings
throughout the study. The uninoculated seedlings required 15 to
20 more days to produce equivalent root biomass and root volume
to that of uninoculated seedlings. Interaction effect of AM and P
source on root biomass yield and root volume were also
significant. Root biomass yield and root volume of inoculated
seedlings given TSP and GPR were identical and superior to that
with other treatments. In acid soils of very low P-retention capacity
the water insoluble P sources such as PR is usually of equal or
superior in effectiveness to water-soluble superphosphates7. The
AM fungi are known to be efficient in uptake of P from insoluble
P sources like phosphate rocks8. The AM fungi can use Fe- and
Al-phosphates not available to higher plants9. The P sources
were in the order of TSP>GPR>CPR for enhancing production of
root biomass and root volume irrespective of AM inoculation.
Zaharah et al.1 also found P uptake by oil palm seedlings from
different P sources in the order of TSP>GPR>CPR. Interaction
effect of P source and seedling age on root biomass yield and
root volume was also significant. At 75 DAP, root biomass yield
and root volume of the seedlings given different P sources were
identical. From 75 DAP onwards the seedlings given TSP produced
the highest biomass and root volume, which were identical to
those given GPR but superior to those with other treatments
throughout the study. The seedlings given TSP, GPR and CPR

Figure 1. Effect of (a) arbuscular mycorrhiza (AM) and (b) phosphate (P) source on root biomass yield of Acacia mangium
seedlings over time in the glasshouse. DAP = Days after sowing; GPR = Gafsa phosphate rock; CPR = China phosphate rock;
TSP = Triple super phosphate
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produced 2.26, 2.02 and 1.71 times higher root biomass,
respectively over those of control seedlings. The increased
rooting density enabled roots to explore more soil volume for
better absorption of nutrients and moisture compared to the less
dense roots in the other treatments.

Nodule development
Mycorrhiza inoculation and P fertilization also significantly
influenced nodule development of A. mangium seedlings. Effect
of AM on nodule number and nodule weight per plant was
significant. Nodule number and nodule weight of inoculated
seedlings were significantly higher than of uninoculated
seedlings (Table 1). Interaction effect of AM and seedling age on
nodule number was not significant but on nodule weight was
significant. At 60 DAP, nodule number and weight in the inoculated
and uninoculated seedlings were almost similar (Figure 3). The
effect of AM became evident with increase in seedling age. From
75 DAP onwards weight of nodules of inoculated seedlings were
significantly higher than that of uninoculated seedlings. Difference
in nodule weight between inoculated and uninoculated seedlings
increased with seedling age. The number of nodules in the
inoculated seedlings was also much higher from 75 DAP onwards
compared to uninoculated seedlings. Interaction effect of AM
and P source on nodule number and nodule weight per plant was
not significant.

Table 2 clearly shows that inoculated seedlings produced much
higher number and weight of nodules per plant compared to
uninoculated seedlings, irrespective of the P sources. Inoculated
seedlings given TSP, GPR, CPR and control produced 1.29, 1.68,
2.05 and 2.46 times higher weight of nodules, respectively,
compared to uninoculated seedlings. There was significant
variation in the number and weight among different size of nodules
(Table 3). Smaller size nodules were more in numbers than bigger
size nodules. Number of smaller size (grade 1 and 2) nodules per
plant was significantly higher in inoculated seedlings than
uninoculated seedlings, while the number of bigger size nodules
(grade 3 and 4) was identical between the inoculated and
uninoculated seedlings. Weight of different nodule grade of
inoculated seedlings was significantly higher than the respective
nodule grade from uninoculated seedlings. Bigger size and heavier
nodules from mycorrhizal seedlings given TSP and GPR could
probably be due to better P nutrition through the mycorrhizal
symbiosis10. Inoculated seedlings produced significantly higher
nodule weight of grade 2 compared to the other grades. Nodule
pigment colour was found to vary significantly among different
size grades. The pigment colour of grade 3 was significantly
brighter than that of grade 1 and 2 but identical to that of grade 4
(Table 3). The lighter pigment colour in grade 1 nodules indicates
that they might be less effective.

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effect of (a) arbuscular mycorrhiza (AM) and (b) phosphate (P) source on root volume of Acacia mangium seedlings over time
in the glasshouse. DAP = Days after sowing; GPR = Gafsa phosphate rock; CPR = China phosphate rock; TSP = Triple superphosphate

Figure 3. Interaction effect of arbuscular mycorrhiza (AM)  and plant age on (a) number and (b) weight of nodules per plant of
Acacia mangium. DAP = Days after sowing
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Mycorrhizal development
Figure 4 and 5 show massive AM root colonization in A. mangium
seedlings. Root colonization and spore population in the
rhizosphere soils of inoculated seedlings were found significantly
higher than that of uninoculated seedlings. Both the variables
increased significantly with seedling age. Root colonization
followed significant quadratic trend, while spore numbers
significant positive linear trend with increase in seedling age
(Figure 4). There was also some root colonization and spores in
rhizosphere in the uninoculated seedlings as a result of
colonization with the indigenous AM fungi. Interaction effect of
AM and P source was significant on root colonization but was
not on spore population (Figure 5). The highest root colonization
and spore population was observed in the inoculated seedlings
given CPR, which was identical to that also with inoculated
seedlings without P but was superior to that with other treatments.

Table 2. Interaction effect of arbuscular mycorrhiza (AM)  and phosphate (P) source on root and nodule variables of Acacia mangium
seedlings in the glasshouse of UPM, Malaysia

P source Root biomass (g/plant) Root volume (cm3) Nodule number (No./plant) Nodule weight (mg/plant)

With AM Without AM With AM Without AM With AM Without AM With AM Without AM
GPR 5.16a 3.19c 35a 22c 104  92 141.6 84.5
CPR 4.48b 2.40d 31b 17d 114  62 111.7 54.5
TSP 5.46a 4.32b 37a 30b 149 114  180.0 139.9
Control 3.26c 0.86e 22c 6e 66  31 61.0 24.7
F-Test  ** * NS NS
* = Significant; NS = Not significant; GPR = Gafsa phosphate rock; CPR = China phosphate rock; TSP = Triple superphosphate

Table 3. Effect of arbuscular mycorrhiza (AM) on nodule variables of Acacia mangium seedlings in the glasshouse

Nodule grade Nodule number Nodule weight Nodule pigment colour
(No./plant) (mg/plant) (0-10 scale)

With AM  Without AM With AM Without AM

1 (<2) 250a 176b 104.5c 66.0d 5.5c

2 (2-3) 134c 89d 186.2a 102.5c 7.5b

3 (3-4) 44e 31e 149.5b 97.8c 9.0a

4 (>4) 6 f 4 f 54.2de 37.3e 8.1ab

F-Test ** ** **
* = Significant

The external AM hyphae act as extension of root hairs. The
external hyphae can extend up to several centimetres beyond the
infected root surface and can increase root surface area and the
absorption zone for exploration of greater soil volume for nutrient
and moisture uptake11.  This is particularly important for nutrients
with narrow diffusion zone like P, Zn and Cu12. The AM hyphae
could intercept labelled P placed 27 cm apart from the mycorrhizal
root, whereas it remained unavailable to non-mycorrhizal roots13.
The rate of nutrient uptake by mycorrhizal roots is also faster
than that by non-mycorrhizal roots14. The rate of inflow of P
through AM hyphae is six times the rate of inflow into normal
root hairs15. All these factors enabled mycorrhizal A. mangium
seedlings in the present study to absorb more nutrients compared
to non-mycorrhizal seedlings enhancing them to produce more
root biomass. Results from this experiment is in agreement with
findings by Guissou et al.8 who showed higher growth and

Figure 4. Interaction effect of arbuscular mycorrhiza (AM)  and plant age on (a) root colonization and (b) spore number in
rhizosphere soils of Acacia mangium seedlings. DAP = Days after sowing
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nutrient uptake by Zizyphus mauritiana given the phosphate
rock and AM inoculation.

From the results it is evident that mycorrhiza inoculation and P
fertilization significantly influenced root development and
nodulation of A. mangium seedlings. Response of A. mangium
seedlings to different P sources was different. Root biomass yield
and root volume of inoculated seedlings given TSP and GPR
were identical and superior to that with other treatments
throughout the study. Nodule weight of inoculated seedlings
with TSP and GPR were also higher than that of uninoculated
seedlings. As a cheaper source GPR in combination with AM
might be used for growing A. mangium seedlings on degraded tin
tailings.
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Figure 5. Interaction effect of arbuscular mycorrhiza (AM) and phosphate (P) source on (a) root colonization and (b) spore number in
rhizosphere soils of Acacia mangium seedlings. GPR = Gafsa phosphate rock; CPR = China phosphate rock; TSP = Triple superphosphate


