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Potato (Solanum tuberosum L.) is a widely planted crop. The primary obstacles for potato production 
are the high demands of fertilizers and the occurrence of widespread diseases. Traditional intensively 
managed agroecosystems depend on fertilizers and biocides, which could induce soil degradation and 
environmental problems. This review emphasizes the effects of inoculating crops with plant growth-
promoting bacteria, endophytes, especially arbuscular mycorrhizal fungi (AMF), as well as the potential 
application of these microbes in the establishment of a sustainable potatoes cultivation system. We 
concluded that it is worth to isolate the most efficient microbial strains during the process of microbial 
diversity investigations. And it is also worth to apply flavonoids and other stimulators to promoter 
beneficial microbes growth since emerging evidence implies that these compounds can stimulate 
native mycorrhizal activity and subsequent potato yield. In summary, more practical application of bio-
fertilizers and bio-control methods should be encouraged to facilitate potato production.  
 
Key words: Arbuscular mycorrhizal fungi, beneficial microbes, disease resistance, potato production, 
sustainable agriculture. 

 
 
INTRODUCTION 
 
Potato is a global crop planted in a wider range of 
altitude, latitude, and climatic conditions. No other crop 
can match the potato in its production of food energy and 
food value per unit area (Davies et al., 2005b). Nutrition 
analysis showed that potato is a healthy food in terms of 
vitamins, minerals, proteins, antioxidants, essential amino 
acids and carbohydrates (Andre et al., 2007). 

However, there are many problems surrounding potato 
cultivation. One problem is that potato plant has one of 
the heaviest production demands for fertilizer inputs of all 
vegetable crops. Normal fertilizer application is around 
1000 kg ha

-1 
10N-3P2O5-10K2O. N requirements are as 

high as 336 kg ha
-1

 in traditional production system for an 
expected yield of 5000 kg ha

-1 
(Davies et al., 2005b; Lang 
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et al., 1999). The increasing demands for potato in the 
world are accompanied with the higher utilization of 
chemical fertilizers. Another problem is the occurrence of 
prevalent diseases. For example, late blight, caused by 
Phytophthora infestans, is commonly thought to be the 
major threat to potato production (Finckh et al., 2006; 
Struik, 2010). Therefore, quantities of pesticides and 
fungicides are needed in potato planting process. 

Current agriculture are facing increased cost of synthe-
tic fertilizer, (agro) ecosystems desiccation caused by 
extensive use of water in crop production (Whitley and 
Davenport, 2003) and subsequent reduction in water 
supplies for irrigation, heightening publication about the 
environmental and healthy impact of biocide overuse 
(Lotter, 2003), and the nitrate leaching from overuse of 
fertilizers, therefore, a new program must be developed 
to address these challenges. Thereafter, applying bene-
ficial microbial inoculants are emerging as a promising 
alternative for maintaining a sustainable agriculture 
system. 

Evidence shows that maintenance of sustainable soil 
fertility depends greatly on the ability to harness the 
benefits of plant-growth-promoting bacteria (PGPB) such 
as N-fixing, P-solubilizing bacteria (PSB), mycorrhizal 
helper bacteria (MHB), endophytes, and arbuscular 
mycorrhizal fungi (AMF) (Barea et al., 2005; Smith and 
Read, 2008). In particular, the association of AMF with 
most of the terrestrial plants is geographically ubiquitous 
and occurs over a broad ecological range. A majority of 
the agricultural and horticultural crops and forest trees 
have been reported to be mycorrhizal (Reddy et al., 
2005). The consensus is that soil microbial activities are 
major factors that determine the availability of nutrients to 
plants, consequently they have significant influence on 
plant health and productivity (Jeffries et al., 2003). 
Indigenous or introduced beneficial microbes could 
benefit crops, such as wheat (Wu et al., 2011), corn 
(Deguchi et al., 2007), vegetable crops (Han et al          
                                                  
                                                 , 
2000). 

In recent years, studies have focused mainly on the 
effects of microbial inoculation on potato, including yield 
enhancement (Davies et al., 2005a; Yao et al., 2002), 
diseases biocontrol (Whipps, 2004), and quality ameliora-
tion (Duffy and Cassells, 2000). 

In this review, we discuss the functions of beneficial 
microorganisms (especially PGPB and AMF) on plant 
growth and their inoculation effects on potato production. 
We also review the significance and potential of the 
combination of AMF with other appropriate beneficial 
organisms. We summarize the advances and problems in 
production of lower cost, high efficiency inoculants, and 
analyze the considerations in the practical application of 
beneficial microorganisms. From the agricultural and 
ecological viewpoints, we aim to improve potato yield and 
quality while maintaining soil quality. 
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DIVERSE FUNCTIONS OF BENEFICIAL 
MICROORGANISMS 
 
P uptake 
 
Compared with the other major nutrients, phosphate (P) 
is the least mobile mineral to plants in most soil 
conditions, because it can form insoluble compounds with 
most of the dominant free cations in soils, the efficiency 
of the plant uptake might be as low as 20%, and it is 
frequently the primary limiting factor for plant growth 
(Sanders and Tinker, 1971). However, the rhizosphere 
microorganisms can benefit their host principally by 
increasing the uptake of relatively immobile P (Smith and 
Read, 2008). More attention has been paid to microbial 
improvement for P nutrient with regard to agricultural 
applications lately. 

The primary effect of PGPB and AMF establishment is 
to improve P uptake by plants due to the role of PSB 
(Dadhich et al., 2006; Wani et al., 2007) and the 
establishment of external mycelium of AMF, which act as 
a bridge between roots and the surrounding soil 
microhabitats (Barea et al., 2005). The fungal mycelium 
transports P ions from the soil solution beyond the P-
depletion zone to the plant roots (Smith and Read, 2008). 
Moreover, it is widely recognized that these microbes can 
perform crucial functions in biogeochemical cycling in 
both agricultural and natural ecosystems (Jeffries et al., 
2003). Therefore, the potential of these microbes to 
improve the way P additions are used in agriculture is of 
great interest. 

In potato, adequate P nutrition is critical for tuber 
development and high photosynthetic rate maintenance 
during tuber bulking. P nutrition is also linked to the 
assimilation of other mineral nutrients and improvement 
of protein contents (Mishra et al., 2007). The potato has 
an inherently low root density and restricted ability to 
uptake fertilizer P, P deficiency is usually a limiting factor 
to yield in commercial potato production (MacKay et al., 
1988). Large amounts of chemical P fertilizers had to be 
added annually to cultivated soil. Unfortunately, P is 
increasingly costly to extract and P supplies are predicted 
to be exhausted before the end of this century. 

A pot study confirmed enhanced P uptake by roots at 
various levels of abiotic P supplies by the inoculation of 
AMF to potato (McArthur and Knowles, 1993). The 
alleviation of P deficiency in no-P and low-P plants by 
these microbes stimulated the uptake of N, K, Mg, Fe, 
and Zn simultaneously. Even under a higher P supply 
regime in which no growth benefit was obtained, no 
detrimental effect was observed (McArthur and Knowles, 
1993). Furthermore, potato yields are foremost limited by 
nutrient availability in spring and early summer (Finckh et 
al., 2006), while these microbes may benefit the yield of 
potato by enhancing P accumulation during early- to mid-
season growth periods (McArthur and Knowles, 1993). 

 The  first  mycorrhiza-specific plant P transporter gene 
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StPT3 was identified from potato (Rausch et al., 2001), 
and it has been shown that this gene is highly expressed 
in root cells harboring various mycorrhizal structures 
(Karandashov et al., 2004). Different AMF taxa contain 
different P-transporter genes and genetic variations in P-
acquisition pathways could potentially explain why 
different AMF supply inconsistent amounts of P to plants 
(Harrison, 2005).  

P-solubilizing  ability  of  PSB  is also linked to 
genotype (Gyaneshwar et al., 2002). Therefore, 
understanding the genetic basis of P solubilization would 
help in transforming more rhizosphere-competent bacte-
ria into PSB in the future. These microbes are usually 
considered to play vital roles and it is assumed that they 
can be used as biofertilizer to reduce or eliminate 
chemical fertilizers inputs (Asok and Jisha, 2006; Shah et 
al., 2007). 

 
 
Yield enhancement 

 
Soil microbes are important regulators of plant 
productivity, especially in nutrient poor ecosystems. The 
presence of AMF can alter the plant community structure 
and productivity (Klironomos et al., 2000; Niemira et al., 
1995). The AMF symbionts could stimulate leaf growth 
and expansion (McArthur and Knowles 1993)           
                                                      
                                                       
                                                      
                                                     
                     , 2000). Thus the AMF inoculation 
is potential useful to post-vitro transplanted plants in 
microtuber seed production systems. However, one 
consideration is that appropriate microbe isolation should 
be selected for a particular host genotype. When the 
micro plants of potato were inoculated with three 
commercial AMF inoculants in the glasshouse (Duffy and 
Cassells, 2000), the yield quality of potato micro plants 
mainly depended on the mycorrhizal isolate and host 
plant genotype. 

In field studies, inoculation with commercial inoculants 
containing AMF (Glomus intraradices) resulted in higher 
yields and larger tubers than treatments using 
conventional chemical fertilizers over two growing 
seasons (Douds et al., 2007). Meanwhile, yield promotion 
by N-fixing bacteria and PSB were also reported in other 
crops including wheat (Khalid et al., 2004), maize 
(Hameeda et al., 2006), chickpea (Wani et al., 2007), and 
soybean (Dadhich et al., 2006). 

The factors that determine the tuber yield and tuber 
size distribution in potato are more complex than 
previously thought. The AMF enhance potato tuber 
production partly due to the increased nutrient uptake, 
particularly P uptake (McArthur and Knowles, 1993), and 
enhanced disease resistance as discussed in next 
section (Niemira et al., 1996). 

 
 
 
 
Biocontrol 
 

Potatoes are susceptible to several diseases that cause 
yield reduction. Currently, late blight (caused by 
Phytophthora infestans) and black scurf (caused by 
Rhizactonia solani) are still the central diseases in the 
cultivation of potato (Finckh et al., 2006; Struik, 2010). 
There is still no effective fungicide available to control late 
blight. In addition, common scab (caused by 
Streptomyces scabies), silver scurf (caused by 
Helminthosporium solani) and sometimes soft rot (caused 
by Erwinia carotovora var. atroseptica) may cause 
serious problems (Finckh et al., 2006). Rhizoctonia 
disease of potato is another problem that occurs 
throughout the world. Rhizoctonia solani is an important 
soilborne plant pathogen that affects potato growth 
(                    , 1999). R. solani-infected plantlets 
may develop crown rot, root rot, or stem canker, which 
often leads to wilting and even plant death. To control 
these pathogens, significant use of pesticide and 
fungicide is required. 

AMF and PSB play a role in the suppression of crop 
pests and diseases (Asok and Jisha, 2006)), including 
pathogenic nematodes (Hol and Cook, 2005), herbivores 
(Gange et al., 2002) and particularly soil-borne fungal 
diseases (Borowicz, 2001). Some potato-associated 
endophytes were found to antagonize fungal or bacterial 
pathogens by increasing the production of active 
compounds including enzymes, antibiotics, siderophores, 
and the plant hormone indole-1,3-acetic acid (Sessitsch 
et al., 2004). Attention has been concentrated on the 
biocontrol of plant pathogens, a potential substitute for 
chemical pesticides (Yao et al., 2002). The biocontrol 
amendments Rhizoctonia solani isolate Rhs1A1 and 
Trichoderma virens, increased microbial activity and 
bacterial populations in organic and conventional potato 
production systems (Bernard et al., 2012). AMF and 
antagonistic bacteria utilization, through inoculation of 
crops or stimulation of naturally occurring populations, 
could be a promising approach to control the develop-
ment of potato diseases. Niemira et al. (1996) indicated 
that the fungus Glomus intraradices can suppress the 
development of potato dry rot, a post-harvest disease 
caused by the fungus Fusarium sambucinum, but the 
efficiency sometimes relied on species specificity of 
inoculants (Niemira et al., 1996). But when AMF used as 
                                                  fi    
trials, it can reduce soilborne disease stem canker and 
black scurf by 17–28% (Larkin, 2008). One interesting 
phenomena is that highly diseases resistant potato culti-
vars showed an earlier establishment and more rapid 
development of AMF colonization than highly susceptible 
cultivars (Bhattarai and Mishra, 1984; Yao et al., 2002), 
however, the mechanism is unclear. 

The establishment of AMF in plant roots can reduce the 
damage caused by soil-borne plant pathogens, with an 
enhancement of plant resistance/tolerance in mycorrhizal 
plants  (Harrier  and  Watson, 2004). In nematode control 



 

 
 
 
 
studies, inoculation of potato plants with AMF delayed 
nematode hatching (Ryan et al., 2000). Root leachates 
from AMF-inoculated potato plants have multiple effects 
on the production of nematode hatching factors 
(Deliopoulos et al., 2007). Mechanisms, such as 
enhanced competition and changed living environment 
have been used to account for this resistance/tolerance 
effect (Elmer, 2002). It can be simply attributed to incre-
ased root systems of mycorrhized plants or competition 
between AMF and pathogens for resources and spatial 
niches (Maherali and Klironomos, 2007) Another reason 
for plant resistance is the changes of rhizosphere 
microbial communities. The shifts in microbial community 
structure and the resulting microbial equilibria could 
influence the growth and health of plants (Borowicz, 
2001). This may indirectly lead to the activation of plant 
defense mechanisms, including the development of 
systemic resistance which have been induced by AMF 
(Whipps, 2004), AMF root colonization may alter the 
phenolic metabolism of roots, to hinder ethylene 
production and the root's ability to provoke a defense 
response (McArthur and Knowles, 1992). However, the 
mechanisms and their impact on biological control still 
need further research. 

Microbes such as AMFs were considered promising 
biocontrol agents to manage pathogens and potato 
nematode. To  some extent, biocontrol effects of 
microbes  depend on the AMF species, the substrate, 
and the host plant involved (Borowicz, 2001; Whipps, 
2004). More studies are necessary to determine their 
potential application as a part of a wider biocontrol 
strategy. 

 
 
Other available functions 

 
Several studies, using mesocosms or field trials, have 
shown that the presence or the diversity of the AMF can 
have strong influence on plant community composition 
(van der Heijden et al., 1998), growth and competitive 
ability of plants (Bever et al., 2001), and hormonal 
balance (Gadkar et al., 2001). It also has been shown 
that AMF colonization can help plants to cope with 
drought and salinity stresses (Augé, 2001). 

The use of microbial community inoculants in the 
rhizosphere of target indigenous plants is a successful 
biotechnological tool for the recovery of degraded 
ecosystems. This can be used as an initial step in the 
restoration of a self-sustaining ecosystem (Barea et al., 
2005). A well-aggregated soil structure wrapped by 
mycorrhizal hypha improved soil-plant water relations, 
soil aeration, root penetrability and soil organic matter 
accumulation, all contribute to soil quality and drought 
tolerance (Rillig and Mummey, 2006). More research 
should be focused on the functional diversity of these 
microbes, so as to integrate their use in sustainable 
agriculture. 
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DEVELOPMENT OF PRACTICAL APPLICATIONS 

 
Strain selection 

 
PSB, KSB (K-solubilizing bacteria), endophytes, and 
AMF symbiosis play pivotal roles in plant growth, health, 
and soil quality: these symbionts are therefore important 
cornerstones in sustainable agricultural systems. 

Screening of the appropriate microbes seems to be a 
useful way for practical application (Khalid et al., 2004; 
Klironomos, 2003). The evidence show that plants may 
be associated with AMF which may benefit them the most 
(van der Heijden et al., 1998), effects of AMF varies with 
the species in soybean (Dadhich et al., 2006), maize (Wu 
et al., 2005), and potato (Duffy and Cassells, 2000), in 
terms of plant growth, yield, mineral nutrition, and 
responses against pathogen agents (Harrier and Watson, 
2004).The response differences of crops to the symbionts 
were related to the selectivity of host plant and their 
compatibility. Composition and diversity of potato-
associated antagonists were mainly specific for each 
microenvironment (Berg et al., 2005). Recently, van 
Overbeek and van Elsas (2008) investigated the effects 
of genotype, plant growth and experimental factors (soil 
and year) on potato-associated bacterial communities, 
which founded that plant growth stage overwhelmed any 
effect of plant genotype on the bacterial communities 
associated with potato (Van Overbeek and Van Elsas, 
2008). Such differences justify the need to ensure the 
best combinations of host/microbial/substrate/inoculants 
type to make a better use of inoculation in crop improve-
ment and disease control (Davies et al., 2005b). Thus, 
local isolates are recommended for biotechnological 
applications (Klironomos, 2003). 

By screening effective rhizospheric soils as inoculum 
from 12 different plant species grown as monocultures at 
a field site in northern Sweden, the AMF propagules from 
the hosts Festuca ovina and Leucanthemum vulgare 
were considered to be highly effective inoculants for 
potato cultivation (Bharadwaj et al., 2007). The most 
efficient bacteria and fungi for potato growth isolated from 
15 different crop plants were Penicillium sp., 
Pseudomonas sp., Bacillus sp., and Glomus mosseae 
(Asok and Jisha, 2006; Davies et al., 2005b). But G. 
intraradices was the most abundant fungus in potato 
roots (Cesaro et al., 2008). A total of 2648 potato-asso-
ciated bacteria were screened by dual testing of antago-
nism to the soilborne pathogens Verticillium dahliae and 
Rhizoctonia solani, the most prominent species was 
Pseudomonosas putida (Berg et al., 2005). Additionally, 
800 species were isolated from rhizospheres and endo-
spheres at the flowering stage of potato plants, one of 
Lysobacter sp. was considered to be the best antagonists 
(Van Overbeek and Van Elsas, 2008). Sixteen AMF mor-
photypes were identified in potato under field conditions 
in India, and they proved that dark septate endophytes 
(DSE) and AMF colonization progressed synchronously 
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Table 1. Interactions between AMF and rhizosphere micro-organisms. 
 

Parameter Interactions with AMF Referencee 

N-fixing bacteria Improved N-fixing and transfer (Gadkar et al., 2001) 

   

PSB 
Establishment of PSB; corporate to increase P capture, 
cycle, and supply 

(Barea et al., 2005) 

   

KSB AMF establishment and K uptake (Wu et al., 2005) 

   

MHB (Bacillus sp. and 
Pseudomonas sp.) 

Enhance mycorrhizal formation, mycelial growth, nutrient 
uptake, and production of plant hormones 

     -                                    
                  Gryndler 1999) 

 
 
 
with the dominance of Glomus tortuosum (Das and 
Kayang, 2010). Superior strain selection of beneficial 
microorganisms that were notably effective on particular 
crops is an important requirement for further practical 
application. 
 
 
Mixed-microbes inoculation 
 
Soil microorganisms form an important part of the 
interaction network known to affect plant fitness  and soil 
quality (Barea et al., 2005). Research has demonstrated 
that certain co-operative microbial activities can be 
exploited (Johansson et al., 2004) in low-input biotechno-
logy, to help sustainable, environmental-friendly, agro-
technological practices. 

It is clear that microbial antagonist of fungal pathogens, 
either fungi or other microbes                      -
                                                    
                ., 2000), and their interactions are 
summarized in Table 1. This is the key to exploit the 
possibilities of mixed-inoculation (AMF and other PGPB) 
to aid plant defense against root pathogens and improve 
yield (Shah et al., 2007). The application of inoculants 
containing AMF, N-fixer, PSB and KSB resulted in 
increased growth of maize (Wu et al., 2005), or red     
                                                       
                          , 2000). The effects of 
inoculation on crop productivity in field conditions are 
complex phenomena: both the selection of inoculants and 
the field site characteristics will contribute to the 
successful persistence and effectiveness of the given 
microbes after inoculation (Farmer et al., 2007). Of 
course, it is difficult to rule out the contribution of 
indigenous strains, even those strains are less effective 
than the introduced ones (Koide et al., 1999; Bernard et 
al., 2012). 

As a result, inoculants need to be carefully selected to 
ensure the best combination among host, microbial, 
substrate and inoculants type in the process of potato 
production (Klironomos and Hart, 2002). Mostly, the 
interaction studies between AMF and other microbes 

were based on studies in pot and greenhouse systems, 
little has been done in large-scale field trials. 
 
 
Inoculants production 
 
Despite the difficulty in selecting effective multifunctional 
microbial inoculants, new environmental-friendly, gene-
tically-modified microbial inoculants are being produced 
commercially, that are used to promote plant growth and 
to protect plants against diseases (Tarbell and Koske, 
2007). These new products are expected to result in a 
significant reduction in the use of biocides and chemical 
fertilizers (Douds et al., 2007).  

However, the commercialization of PGPB and AMF 
products is not an easy task, the limiting factor in the use 
of microbial inoculants lies in their production costs. It is 
very costly to apply sufficient levels of inoculants to 
potato production systems (Davies et al., 2005b). 
Furthermore, the obligatory biotrophic character of AMF, 
demands the use of metabolically active roots for their 
multiplic                                                 
                                                      
                                                    
                                   , 2004). How can 
inoculants be produced and applied in an economically-
viable, commercial-scale manner when application is 
necessary is a critical issue. The development of ino-
culant production systems is summarized in Table 2. 
 
 
Emerging treatments 
 
As for AMF development, plant exudation (that is flavor-
noid) has vital biological functions in regard to AMF 
development (Davies et al., 2005a; Requena et al., 
2007). Flavonoids could stimulate indigenous AMF 
growth in the soil at low level (Davies et al., 2005a; 
Requena et al., 2007). In greenhouse studies, scientists 
observed that formononetin stimulated greater fungal 
extraradical development, net photosynthesis, stomatal 
conductance, increased tuber yield, and shoot develop-
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Table 2. The inoculants production process using potato plants as the host. 
 

Mode of production Major constituent Products Reference 

Lignite slurry based Tubers, slurry, spores Little (Potty, 1990) 

Peat moss based peat moss, perlite, vermiculite, colonized roots less                      , 2000) 

Expanded clay hydroponics Fertilized soil, spores, colonized roots Relative more (Gaur and Adholeya, 2000) 

In vitro autotrophic culture system Micropropagated potato plantlets, AMF A mass of (Voets et al., 2005) 

Field production AM propagules, farmland The most (Douds et al., 2005) 
 
 
 

development of potato plants (Davies et al., 2005a; 
Steinkellner et al., 2007). In a field study, formononetin 
increased potato tuber dry mass (Davies et al., 2005b). 
Recently, Drissner et al. (2007) reported that root 
secretions from mycorrhizal plants contain a lipophilic 
signal lysophosphatidylcholine, which are capable of 
inducing the P transporter genes StPT3 and StPT4 of 
potato (Drissner et al., 2007). 

The potential benefits of applying flavonoid or other 
stimulators can promote the effectiveness of native, eco-
typically adapted microbes at lower inoculum levels in 
field production conditions (Davies et al., 2005b; 
Steinkellner et al., 2007). There are excellent oppor-
tunities to manipulate indigenous microbes to enhance 
crop productivity, and meanwhile, to reduce agricultural 
chemical inputs in a cost-effective manner. 

Inoculation with effective AM strains may be simpler 
and more effective than manipulating native communities. 
However, in areas of Asia and Africa, the management of 
or dependence upon indigenous fungi may be recom-
mended due to the relatively high cost of inoculum 
(Plenchette et al., 2005). Therefore, conservation and 
management of local beneficial microbes seems to be 
very important for sustainable agro-ecosystems (Gosling 
et al., 2006; Koide et al., 1999) that is, minimizing 
mechanical tillage, reducing fallow periods, proper use of 
chemical stimulants and exclusion of most biocides, 
suitable crop rotations or intercropping. 
 
 
CONCLUSION AND FUTURE PROSPECTS 
 
In sum, beneficial microbes are involved primarily in pro-
tection against biotic and abiotic stresses, resulting often, 
in improved host plant growth, fitness and eco-system 
health. Figure 1 summarizes the effects of beneficial 
isolates on potato cultivation. We conclude: 
 
1. The potato cultivation still needs large quantities of 
resources (water, nitrogen, energy) and chemical bio-
cides. Microbes in sustainable crop production systems 
may provide an alternative to high inputs of fertilizers and 
chemical biocides. 
2. Application of microbial inoculants must take into 
account the importance of microbial diversity conserva-
tion in rhizosphere, to ensure a compatible combination 
of host, microbial community, substrate and inoculant for 

realistic and effective biotechnological applications. 
Compound inoculation appears to be the way forward. 
3. Root exudates such as flavonoids are signals of 
symbionts, which have more practical functions in terms 
of mycelium networks and output improvement. 
Indigenous managing seems to be another way for yield 
enhancement and disease resistance in sustainable 
agriculture ecosystem. 

Currently, more attention could be paid to microbial 
diversity investigation, appropriate microbe selection and 
screening, especially commercialization of beneficial 
microbes. The latter one requires production of the 
organisms under commercial conditions while 
maintaining quality, stability, and efficiency of the 
products, compatibility with current application practices, 
cost, and safety testing. Conducting field practical 
application research is another task which seems urgent 
and crucial. This will lead to improved understanding of 
the composition and dynamics of the local beneficial 
microbial community, as a result, which might offer 
possibilities for advances in potato production. 

Molecular genetic studies have been used to reveal the 
interaction mechanisms between microbes and the host 
plants. Perhaps some of the most exciting discoveries 
involve a combination of molecular-genetic and diversity 
approaches. However, it is still unclear whether functional 
genes (and their activities) identified by these approaches 
can be used to explain the effects of microbial 
communities on plant nutrition and disease prevention. 
Also, given the complexity of AMF functional variation, 
until we can quantify their functional variation, and 
classify  them  on  a  useful  level, practical  application  
of AMF cannot  move forward. This  is  an  area that is 
still largely unexplored. Much progress can be made 
through extensive collaboration of biologists in different 
domains. 
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