
293© Springer Nature Singapore Pte Ltd. 2017 
Q.-S. Wu (ed.), Arbuscular Mycorrhizas and Stress Tolerance of Plants, 
DOI 10.1007/978-981-10-4115-0_12

Chapter 12
Arbuscular Mycorrhizal Fungi and Plant 
Growth on Serpentine Soils

Husna, Faisal Danu Tuheteru, and Asrianti Arif

Abstract Arbuscular mycorrhizal fungi (AMF) are obligate fungi (root symbionts) 
of the phylum of Glomeromycota that associated with 70–90% of land’s plants. 
AMF are found in many types of soils and ecosystems. AMF can colonize plant 
roots on serpentine soils, and 11 AMF genera and Glomeraceae as dominant family 
are found. Diversity of AMF on serpentine soil is influenced by soil chemical prop-
erties (metal content, Ni and Mg/Ca ratio), plant species, and vegetation types as 
well as AMF types. Inoculation of AMF improved growth, biomass, and nutrient 
uptake (especially P) for sensitive plant and nickel accumulators. Ni uptake by inoc-
ulated plants is inconsistent, showing that AMF reduced Ni in sensitive plant tis-
sues. Otherwise, AMF increased Ni uptake in hyperaccumulator plants. Effectiveness 
of AMF is determined by plant species and AMF. AMF colonization is essential for 
vegetation successional acceleration and revegetation success in nickel post-mining 
land. AMF are potential to be developed as a biological fertilizer to support reveg-
etation of nickel post-mining land on serpentine soil.

Keywords Glomeraceae • Nickel hyperaccumulators • Revegetation • Sulawesi • 
Serpentine soil

12.1  Introduction

Serpentine soil covers less than 3% of the earth’s surface and distributed in several 
regions in the world of California, Cuba, South Africa, South Europe, New 
Caledonia, Southeast Asia, and West Australia (Coleman and Jove 1992; Guillot 
and Hattori 2013). Lodging in Southeast Asia, serpentine soil spreads over the 
northern part of Borneo, Palawan, Mindanao, Sabah, and the majority of Sulawesi 
and Halmahera (Whitten et al. 1987; Proctor 2003; Ent et al. 2013, 2015). Serpentine 
soil has the following characteristics: high Mg/Ca ratio, heavy metal (Co, Cu, Cr, 
Mn, Ni) concentrations, and deficiencies of macronutrients (N, P, K) (Brooks 1987; 
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Kruckeberg 1984; Proctor 2003). This is a characteristic of the syndrome known as 
serpentine. In addition to the phenomenon of serpentine syndrome, nickel mining 
activities also contribute to the degradation of serpentine soil and vegetation removal 
(Review of O’Dell and Claassen 2009). Conditioning the land can be toxic as well 
as restrict the growth and development of plants and soil microbial activity.

Each species has a specific mechanism for adaptation, tolerance, and survival on 
serpentine soil. One of the mechanisms of plant adaptation on serpentine soil may 
be symbiosed with arbuscular mycorrhizal fungi (AMF). AMF are an obligate fungi 
(root symbionts) of the phylum Glomeromicota with 80% of land plants (Smith and 
Read 2008). Southworth et al. (2014) reported that soil fertility was low in serpen-
tine soil and stress that strong serpentine habitat was thought to stimulate the forma-
tion of mycorrhizae. AMF play an important role in supporting the growth and 
development of sensitive plants grown in serpentine soils through improved water 
and nutrient status and heavy metal stress tolerance. The presence of AMF on ser-
pentine soil plays an important role in adaptation, distribution, and succession 
(community dynamics) in various types of vegetation in conditions of serpentine 
(Hopkins 1987; Castelli and Casper 2003; Perrier et al. 2006; Husna et al. 2016a). 
AMF influencing on crop tolerance to heavy metal toxicity is seriously affected by 
many factors such as soils, plant species, isolates, and type of symbiont and metal 
concentrations (Amir et al. 2013).

Various studies related to AMF symbiosis with plants in serpentine soil have 
been carried out. AMF ecological studies in the rhizosphere of plants on serpentine 
soil have been reviewed by Southworth et al. (2014). However, studies had exam-
ined the roles of AMF in the growth and uptake of unavailable plant nutrient. 
Therefore, this article is to review the AMF ecology, inoculated plant growth, and 
researches on the AMF symbiosis with plant species and planting practices in 
Indonesia.

12.2  Ecology of AMF on Serpentine Soils

AMF symbiosis with plants in serpentine soil has been reported in both temperate 
and tropical regions (Southworth et al. 2014; Husna et al. 2015). AMF have been 
associated with 27 species of herbaceous plants colonized in serpentine grassland in 
California (Hopkins 1987). On serpentine soils in Italy, four plant species, namely, 
Centaurea paniculata, Genista salzmannii, Helichrysum italicum, and Thymus stri-
atus, were colonized by native AMF (Lioi and Giovannetti 1989). There is also a 
symbiosis between AMF plant species in grassland of Pennsylvania dominated by 
Andropogon gerardii, Schizachyrium scoparium, Sorghastrum nutans, and 
Sporobolus heterolepis (Castelli and Casper 2003). Perrier et  al. (2006) found a 
symbiosis between AMF and 10 endemic species of plants that grow on ultramafic 
lands in Koniambo Massif, New Caledonia. Cumming and Kelly (2007) also reported 
six AMF species in the rhizosphere of three vegetation types in Maryland, USA, 
site, while the abundance and sporulation of AMF were more in grassland site. 
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According to Lagrange et al. (2011), roots of nine types of Cyperaceae homegrown 
ultramaphic New Caledonia were colonized by AMF. AMF had also been found in 
serpentine revegetated lands of Southeast and South Sulawesi, Indonesia (Setiadi 
and Setiawan 2011; Husna et al. 2014, 2015, 2016a).

In addition to ultramaphic adaptive and tolerant plants, the presence of AMF also 
reported in symbiosis with plants hyperaccumulator of Ni. AMF colonization was 
found to be high on hyperaccumulator of Ni Berkheya coddii and three other types 
of family Asteraceae, namely, Senecio anomalochrous, S. coronatus, and B.  zeyherri 
in South Africa (Turnau and Mesjasz-Przbylowicz 2003). There are variations in 
mycorrhizal colonization on plant hyperaccumulation on nickel site of Phyllanthus 
favieri in humid forest dominated by Nothofagus. The Koniambo Massif, New 
Caledonia, and plants that are not colonized tend to have high nickel content in 
leaves (Perrier et al. 2006). According to Amir et al. (2007), nine endemic species 
of New Caledonia were symbiosed with the AMF, while Sebertia acuminata, 
Psychotria douarrei, and Phyallanthus favieri plants represented lower root AMF 
colonization than the others. Amir et al. (2013) have again reported that AMF colo-
nized all types of hyperaccumulators of nickel and AMF colonization was relatively 
low on conditions of strong hyperaccumulator while weaker than hyperacumula-
tors. Rhizosphere of AMF of strong nickel hyperaccumulators of plant has a high 
tolerance to the high Ni and is able to colonize the roots (Amir et al. 2007).

AMF genera found in the root zone of plants in the serpentine soil were 
Archaespora, Acaulopsora, Diversispora, Scutellospora, Pacispora, Glomus, 
Sclerocystis, Funneliformis, Rhizophagus, Claroideoglomus, and Paraglomus 
(Table 12.1). Glomeraceae is the largest family. F. mosseae, C. etunicatum, and R. 
fasciculatum are types of dominant AMF and widespread (Hopkins 1987; Lioi and 
Giovannetti 1989; Castelli and Casper 2003; Gustafson and Casper 2004; Lagrange 
et al. 2011; Orlowska et al. 2011; Husna et al. 2015). In addition to the AMF, the 
ectomycorrhiza type has also been found to associate with plants in serpentine soil, 
in Japan (Kayama et al. 2006), Portugal (Gonçalves et al. 2009), New Caledonia 
(Perrier et al. 2006; Jourand et al. 2010a, b), and the USA (Gladish et al. 2010).

Various factors that affect colonization, spore abundance, and species richness 
AMF in serpentine soil include soil chemical properties (metal content, Ni and Mg/
Ca ratio), plant species, and vegetation types as well as type of AMF. Ni content can 
lower sporulation and AMF species richness (Perrier et  al. 2006; Cumming and 
Kelly 2007; Amir et al. 2007) and root colonization (Lagrange et al. 2011; Amir 
et al. 2013). Nonetheless, Doubková et al. (2011) found a low AMF colonization in 
rooting types of Knautia sparsiflora on serpentine than non-serpentine, and there is 
a positive correlation between colonization of AMF and soil pH, Ca, and K or  
Ca/Mg ratio. Colonization level and diversity of AMF are reported to be relatively 
similar between on and off serpentine soil (Schechter and Bruns 2008). Perrier et al. 
(2006) reported that there was a positive relationship between the availability of 
metals (Ni and Co) and abundance of black spore. Relationships of fungi and plants 
in serpentine grassland in Pensylvannia were heavily influenced by the performance 
of the plant or regulatory diversity (Castelli and Casper 2003). Moreover, there was 
a reciprocal relationship between plants and fungal-specific serpentine soil, where 
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Gigaspora gigantea increased plant biomass of Schizachyrium and Andropogon, 
but a decline in biomass of Andropogon inoculated with Glomus etunicatum.

AMF isolated from the roots of hyperaccumulator ultramaphic Ni in soil are 
more tolerant than nonhyperaccumulators isolated from ultramaphic Ni in soil 
(Amir et al. 2008). Amir et al. (2008) revealed that five isolates of Glomus spp. in 
ultramaphic soil were capable of germination under the condition of up to 30 μg/g 
Ni, but the spores of non-ultramaphic overall stunted at 15 μg/g Ni. According to 
Doubková et al. (2012), a high tolerance on populations of plants and fungi on ser-
pentine was recorded.

12.3  Plant Growth Affected by AMF on Serpentine Soils

AMF presence on serpentine soil conditions can contribute to tolerance of crops to 
Ni, decreasing/increasing the uptake and accumulation of Ni. AMF is also suitable 
for phytoremediation activities with phytoextraction mechanism and phytostabili-
zation (reducing nickel translocation root shoots) and phyto-mining of nickel, as 
well as local AMF isolated from ultramaphic soil has the potential to support the 
success of ecological restoration in degraded ecosystems.

Inoculation with indigenous AMF strains significantly enhanced the growth, bio-
mass, and survival of Berkheya coddii than non-mycorrhizal plants (Orlowska et al. 
2011). Colonization by Glomus intraradices increased the weight of dry matter sun-
flower on level 0 and 100 Ni mg/kg treatment, compared to non-mycorrhizal control 
(Ker and Christine 2009). Glomus sp. and a mixture of AMF improved plant growth 
and P uptake in Knautia arvensis with increasing intensity of drought (Doubkova 
et  al. 2013). Under greenhouse, native AMF inoculation increased biomass of 
hyperaccumulator plant shoots in Ni. Berkheya coddii in South Africa had a positive 
correlation between AMF colonization and shoot height (Turnau and Mesjasz- 
Przybylowics 2003). Gustafson and Casper (2004) reported that G. intraradices 
promoted plant growth in Andropogon gerardii on serpentine soil and sand 
mixture.

Two types of ultramaphic endemic in New Caledonia, Alphitonia neocaledonica, 
and Cloezia artensis inoculated with Glomus etunicatum at the age of 12 months 
accumulated dry matter and high P (Amir et al. 2013). Boulet and Lambers (2005) 
reported that inoculation with AMF induced lower plant growth but increased levels 
of P and K in the shoot. The concentration of P, Ca, Zn, and Cu in mycorrhizal 
Berkheya coddii plants was higher than in non-mycorrhizal plants, while an increase 
in the levels of P in inoculated plant was ten times, compared to the control 
(Orlowska et al. 2008). AMF inoculation with Glomus sp. increased the biomass of 
shoots and roots in Costularia comosa by 124% and 246%, respectively (Lagrange 
et al. 2011). Inoculation with local AMF improved P uptake of the Knautia arvensis 
plant (Doubková et al. 2011). Doubková et al. (2012) reported that isolates of AMF 
on serpentine soil not only had high root colonization but also efficiently supported 
plant growth and P uptake in Knautia arvensis.

12 Arbuscular Mycorrhizal Fungi and Plant Growth on Serpentine Soils
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Ni uptake by inoculated plants is inconsistent. Inoculation with AMF increased 
Ni content types such as nickel hyperaccumulator in Berkheya coddii (Turnau and 
Mesjasz-Przybylowics 2003; Orlowska et al. 2011) and sunflower (Ker and Christine 
2009). Inoculation with AMF reduced the Ni content at the top of Phaseolus vul-
garis (Guo et al. 1996), shoots of Trifolium repens (Vivas et al. 2006), the root of 
Costularia comosa (Lagrange et al. 2011, 2013), Knautia arvensis (Doubková et al. 
2011), Alphitonia neocaledonica, and Cloezia artensis (Amir et al. 2013) compared 
to the control. Ni content in leaves was not influenced by the presence of the AMF 
(Boulet and Lambers 2005). High Ni accumulation in plants is allegedly due to 
AMF which enhances the activity of glutamine synthesis (chelate nickel) in the root 
(Ker and Christine 2009).

12.4  Plant-AMF Symbiosis on Serpentine Soil in Indonesia

Indonesia is one of the regions in the world which has fairly large ultramaphic bed-
rock scattered on the island of Sulawesi and Halmahera (Whitten et al. 1987; Proctor 
2003; Ent et al. 2013). Ultramaphic bedrock in Indonesia has productive potential 
for nickel mining operations. Nickel mining operations in Sulawesi have been con-
ducted by PT. INCO (known as PT. Vale Indonesia) in South Sulawesi, Central and 
Southeast, as well as PT.  ANTAM, Tbk in Pomalaa, Southeast Sulawesi, and  
± 200an mining business license (IUP) has also been operating in Southeast 
Sulawesi. Nickel exploitation activities are generally carried out using opencast 
mining. This method usually ruins the landscape and leaving land nutrient defi-
ciency and toxic heavy metals and reduces the biological activity, waterlogging, etc. 
(Review O’Dell and Claassen 2009). These lands should be restored with revegeta-
tion techniques. Selection of seed types and supplying seedling with soil microbes 
(Mycorrhizae and Rhizobium) are very important to support the success of the 
nickel post-mining site revegetation (Marpaung et al. 1994; Ambodo 2002; Mansur 
2010; Husna et al. 2012).

Exploration, extraction, identification, and propagation of AMF on serpentine 
soils in Sulawesi began in the mid-1990s. Based on the identification of spore mor-
phology, we discovered the eight AMF genera, including Glomus, Septoglomus, 
Claroideoglomus, Rhizopagus, Acaulospora, Gigaspora, Racocetra, and 
Scutellospora, in the rhizosphere of plant revegetation and vegetation succession on 
nickel post-mining lands (Review Husna et al. 2012; Husna et al. 2014, 2015; Husna 
et al. 2016a; Setiadi and Setiawan 2011). Husna et al. (2014, 2015) found seven 
kinds of AMF in revegetation serpentine lands in PT.  Vale Indonesia, Southeast 
Sulawesi Pomalaa, namely, Glomus canadense, G. boreale, Rhizopagus diapha-
nous, Septoglomus constrictum, Claroideoglomus etunicatum, Racocetra gregaria, 
and Scutellospora auriglobosa. According to Husna et al. (2016a), AMF colonized 
15 pioneer species nickel post-mining land in Pomalaa, Southeast Sulawesi. 
Plant types Cynodon dactylon, Ipomoea sp., and Sarcotheca celebica have the 
highest root mycorrhizal colonization (≥70%). Information on AMF colonization in 
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rooting in  hyperaccumulator of nickel (S. celebica) enriches knowledge of AMF 
symbiosis with hyperaccumulator types of nickel across the world. AMF coloniza-
tion in all 15 types of pioneer speciesis also indicated that the AMF alleged role 
accelerating vegetation succession in post-mining land nickel.

On a nursery and greenhouse scale, inoculation with exotic (GMRT-17 and 
ET-17) and local isolates (INCO-12) effectively increased the growth and improve-
ment of seed quality of Paraserianthes falcataria, Acacia mangium, and 
Trichospermum buretti (Marpaung et al. 1994). According to Husna (2010), seed-
ling of Pericopsis mooniana inoculated with 5 g of AMF Mycofer inocula (mix 
Glomus manihotis, Glomus etunicatum, Acaulospora tuberculata, Gigaspora mar-
garita) and the addition of 20 g of pulp sago had high growth, dry weight, nodule, 
and the uptake of K and Ca with an increase in each of the controls 51.4%, 41.3%, 
19.7%, 8.8%, and 25.6% and reduced by 32% of Ni. Inoculation with AMF Mycofer 
gave a high boost of nodules and biomass of Albizia saponaria plant age of 3 months 
with an increase over the control by 76%, 447%, and 309% (Tuheteru et al. 2011). 
In the serpentine soil media, P. mooniana desperately need mycorrhizal (MIE> 
75%) to support growth (Husna et al. 2016b). Local AMF isolated from the roots of 
P. mooniana of CA Lamedai (non-serpentine) and PT. Vale Indonesia (serpentine) 
better increased the biomass of P. mooniana at 3 months in the media serpentine 
soil, which increased 442–472% over the controls and 64% and 73% over the com-
mercial Mycofer inoculum (Fig. 12.1).

On the field scale, P. mooniana inoculated with AMF (CA Lamedai and PT. Vale 
Indonesia) planted in post-mining land of nickel (Mg/Ca ratio of 3.55 and a 
 concentration of 2.1 ppm Ni) 3 months after implantation has the tolerance for sur-
vival, growth, biomass, and accumulation of N, P, and K, which is higher than the 

Fig. 12.1 Growth performance of P. mooniana at 3 months of age inoculated with local AMF on 
serpentine soil media (Husna et al. 2016b)

12 Arbuscular Mycorrhizal Fungi and Plant Growth on Serpentine Soils
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control and low Ni content (Husna et al. 2015). At the age of 24 months after plant-
ing, inoculation with local AMF also increased the height and diameter growth of P. 
mooniana on the field over the control (Fig. 12.2).

Based on the important role of the AMF, PT. Vale Indonesia (PT.) Sorowako 
South Sulawesi has been producing AMF-inoculated seeds on nursery scale for 
revegetation purposes (Ambodo 2002; Mansur 2010).

12.5  Conclusion Remarks

AMF, assosiated with plant root on serpentine soil, have important roles to support 
growth and improved nutrient status on serpentine soil media. Furthermore, AMF 
are important components in ecological restoration for revegetation degraded land 
(nickel post-mining land). AMF diversity study has been done in various countries 
(the center of serpentine soil) using morphology and DNA molecular approach, 
details the response of non-mycorrhizal and mycorrhizal plants on serpentine soil 
conditions, and includes adaptation mechanisms of anatomy, physiology, molecular 
and signaling pathways, as well as the response of AMF spores (serpentine and non- 
serpentine isolates) to heavy metal stress, especially Ni.
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