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Abstract. Ishaq L. 2018. Short Communication: Presence of arbuscular mycorrhiza in maize plantation land cultivated with traditional 

and improved land management.Trop Drylands 2: 20-24. Arbuscular mycorrhizas (AM) are one of the key functional soil biota that can 
greatly contribute to crop productivity and agricultural sustainability. Their presence could be influenced by soil conditions, such as land 
management, and the sporulation of the fungal forming mycorrhiza could be affected by season, i.e., rainy, and dry seasons. Previously, 
it was found that the abundance of AM fungi was higher under maize cropping with traditional land management (no-tillage, no input of 
agrochemicals) than that under maize cropping system with more modern land management (tillage, agrochemical input), when the soils 
were sampled at rainy season. As the presence of AM fungi could be influenced by climate factors i.e., rain/season, the present study 
was carried out to examine the abundance and diversity of AM fungi in maize plantation land cultivated with traditional and improved 
land management in the dry season. At each land management system, three locations of study were purposively selected, and at each 
location within the cropping system, three soil samples were collected. A total of 9 soil samples representing each land management 

system were evaluated. The variables observed included AM fungal spore density (expressed as the number of AM fungal spores per 
100 g of soil) and biodiversity of AM fungi (expressed as relative abundance of AM fungal spore). It was found that the density of AM 
fungal spores under a maize cropping system with traditional land management was 203.55 per 100g, whereas only 84.91 spores per 100 
g soil were found under a maize cropping system with improved land management, supporting the previous findings. Despite only six 
AM,0 fungal spores morphotypes were observed under maize plantation land of both traditional and improved land management, the 
abundance of the morphotype was different between the two land management systems. The study needs to be extended at a broader 
location and time to get more representative information on the impact of land management on the abundance of AM fungi in tropical 
agriculture. 
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INTRODUCTION 

Maize is an important economic crop in East Nusa 
Tenggara. There are two types of land management 

commonly practiced by local farmers for maize production 

in the region, namely traditional and improved land 

management. At the traditional land management, farmer 

usually grows maize without any inputs of agrochemicals 

and tillage is not practiced on the land, whereas on the 

improved land management, farmers tillage the land before 

planting and commonly apply agrochemicals including 

inorganic fertilizer and pesticide to increase maize 

productivity. As the land management between these two 

types of maize cropping systems is different, it is likely that 
the impact it may have on the soil condition, particularly on 

soil beneficial microorganisms such as arbuscular 

mycorrhizal fungi possibly be different. 

 Arbuscular mycorrhiza (AM), a mutualistic symbiosis 

between fungi and higher plants, is one of the most 

ubiquitous soil beneficial organisms. Mycorrhizal fungi 

have multiple ecological functions including improving the 

absorption of mineral nutrients and water to their host 

plants (Smith and Read 2008), enhancing plant resistance 

to pathogens (Song et al. 2015), improving plants tolerance 

to environmental stresses such as drought, salinity and 
heavy metals (Porcel and Ruiz-Lozzano 2004; Gohre and 

Paszkowski 2006; Kaya et al. 2009), and maintaining soil 

structure in agricultural soils that is important for land 

sustainability (Jeffries et al. 2003). 

There are some factors that might influence the 

association between mycorrhizas and their host plants such 

as fungi forming mycorrhizas, plants/host, and 

environmental conditions (Smith and Read 2008). 

Environmental conditions could affect population, 

diversity, and distribution of AM fungi (Brundrett 1991; 

Sieverding 1991). For example, climate and edaphic 
factors, and physicochemical edaphic factors have been 

related to sporulation and colonization of AM fungi (de 

Oliveira and de Oliveira 2010; Panwar et al. 2011). In 

agricultural ecosystem, in particular, the population and 

diversity of AM have been reported to be influenced by 

land management (Sieverding 1991; Ezawa et al. 2000; 

Oehl et al. 2003; Kabir 2005). 

Previously, a  study on the abundance of AM associated 

with corn planted with traditional and more modern 

farming system in Kupang District East Nusa Tenggara 
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Timur, found that the spore density of AM under a more 

modern farming system was lower than those found under 

a traditional farming system (Ishaq et al. 2017). Since AM 

fungal colonization and spore numbers could be influenced 

by season (rainfall) (de Oliveira and de Oliveira 2010), the 

current study extended the previous study, when was 

conducted in rainy season, to be repeated in dry season. 

The present study, therefore, was aimed to evaluate the 

presence of AM fungi in the land of maize cropping system 

with traditional and improved land management systems in 
the dry season.  

MATERIALS AND METHODS 

Study location 

East Nusa Tenggara, Indonesia is a semi-arid region 

with a 3-4 month rainy season (December-March/April) 

and 8-9 months dry season. The average annual rainfall 

ranges between 1250-1500 mm per year. In Kupang 

District, the soils are calcareous that are rich in base cations 

mainly calcium and magnesium, but commonly low in 

nitrogen and available phosphorus. 

Soil samples were collected from the land where maize 
is grown with both traditional and improved land 

management. The term “improved land management” is 

used just to emphasize that tillage and agrochemical inputs 

(inorganic fertilizer and pesticides) are applied in the 

farming system. In both farming systems (traditional and 

improved land management), planting mainly depends on 

rain as water source. due to unavailability of the irrigation 

system to support the farming systems. 

Soil samples were collected in the dry season of 

November 2015. During the dry season, no crops were 

cultivated including maize due to water limitation. 
Previously, the soil was sampled around the rhizosphere of 

maize in the presence of maize as the AM host plant. 

Whereas in the present study, the soil was sampled in the 

absence of the host plants. It was possible to evaluate the 

presence of AM in the study area in the absence of maize 

as the main host of AM. This is because the roots of the 

host plant were not removed from below ground when 

harvest. In each type of land management, soils were 

sampled at three different locations (each type of land 

management consisted of three different locations; 6 

locations in total). For the land where maize is usually 

cultivated with improved land management, soil samples 
were collected from Noelbaki, Baumata and Tarus 

Villages, whilst for the land where maize is grown with 

traditional land management; soil samples were collected 

from Kolhua, Sikumana and Noelbaki Villages. Before 

sampling the soil, survey and interviews were conducted to 

obtain information on land management. At each location, 

soil samples were diagonally taken. Soil samples were 

collected around the plant at a depth of 0-20 cm. The 

sampling position was plotted using GPS coordinates, and 

the other nearby vegetation (other than maize) was 

recorded. Spore extraction was conducted at the Laboratory 
of Microbiology of Agricultural Faculty of Nusa Cendana 

University, Kupang, Indonesia. 

Extraction of AM fungi spores 

Spores of AM fungi were extracted from soil samples 

using wet-sieving and sucrose based on the methods 

described by Brundrett et al. (1996). Briefly, soils samples 

(100 g) were suspended in 500 ml water, stirred for 7 mins, 

and decanted through 500, 250, 150 and 45 μm sieves. This 

washing and decanting process was repeated until the water 

was clear. Soils filtered on fine screens (250, 150 and 45 

μm) were transferred into a 50 ml tube, and then 

centrifuged for 5 mins at 2500 rpm to remove organic 
matter. The supernatant and floating debris were discarded, 

and the pellets were resuspended in 60% sucrose then 

centrifuged again for 2 mins at 2500 rpm to separate spores 

from the denser soil components. The spores in the 

supernatant were placed on 45 μm and washed with water 

to remove the sucrose. The spores were transferred on a 

Buchner funnel underlined with Whatman paper (No. 41). 

The spores were collected and counted under a compound 

microscope. For biodiversity calculation, the spores were 

grouped into morphotypes based on spore appearance 

(color, size, surface of the spore and sub-tending hyphae). 

Observation and data analysis 

Data of spore density were log (x+1) transformed 

before being analyzed. The data was analyzed using Nested 

(Hierarchy) Analysis of Variance design where the 

locations of study were nested within the land management 

factor. AM fungal spores were isolated and then counted 

manually under a compound microscope (Leica Galen III). 

Broken spores were not included in the isolation process 

and calculation. The spores were grouped into morphotypes 

based on criteria as described above. Spore density was 

expressed as the number of spores in 100 g soil, whilst 
biodiversity was measured as relative abundance. Relative 

abundance was expressed as percentage of spore number of 

a morphotype in each site over total spore in each site.  

RESULTS AND DISCUSSION 

Nested ANOVA analyses showed that the location 

within each cropping system where the soil samples were 

collected had no significant effect on the spore density of 

AM fungi. At the three locations of maize cropping system 

with traditional land management, the average AM fungal 

spore density found in location 1 (Kolhua) was 7.0.  That 

was not significantly different from AM fungal spore 

density found at location 2 (Sikumana) and location 3 
(Noelbaki) with 6.63 and 6.66 spores per 100 g soil, 

respectively [(data were log (X+1) transformed)]. Similar 

findings were also observed at the three locations where 

maize was grown with improved land management. The 

average spore density found in location 1 (Baumata) was 

4.67 spores per 100 g soil; that was not significantly 

different from AM fungal spore density found in location 2 

(Noelbaki) and location 3 (Mata Air) with 5.81 and 6.24 

spores per 100 g soil, respectively [(data were log (X+1) 

transformed)].  

On the other hand, when comparing the spore density of 
AM fungi between the two types of land managements 
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(traditional and improved land management systems) the 

result of nested analysis showed that AM spore density 

between the two land management systems was 

significantly different. The spore density of AM fungi in 

soil samples taken from the land where maize is cultivated 

with traditional land management was significantly higher 

(P<0.05) than the spore density of AM fungi found in soil 

samples taken from the land where maize is cultivated with 

improved land management. The spore density of AM 

fungi in soils sampled from maize plantation land 
cultivated with traditional land management was 2.25 [(log 

(X+1) transformed)] spores per 100 g soil), whilst only 1.6 

spores [(log (X+1) transformed)] per 100 g soil of AM 

fungi were found in soil sample taken from maize 

plantation land cultivated with improved land management 

(Figure 1). 

When comparing the density of AM fungi observed at 

the current study with that of the previous study (Ishaq et 

al. 2017), it was discovered that the number of AM fungal 

spores found in this study tended to be higher than the 

previous study, both under traditional and improved land 
management systems. In the previous study (Ishaq et al. 

2017), the averages of spore density at traditional and more 

modern maize cropping system were 88.53 and 43.1, 

respectively. The averages of AM spore density under 

maize cropping systems in the present study are 

respectively, 203.7 and 84.9 spore/100 g soil for traditional 

and improved land management. 

Six types of AM fungal spore morphotypes were found 

in this study at each land management, namely yellow, 

black, orange, white, rough yellow surface, and reddish 

color. The relative abundance of the morphotypes found in 
this study is described in Table 1, whilst examples of the 

morphotypes are illustrated in Figure 2. Although all the  

six morphotypes were observed at both traditional and 

improved land management systems, the relative 

abundance of the morphotype was different between the 

two land management systems. Morphotype 4 (white) was 

more abundant in the soil taken from the maize cropping 

system with traditional land management, contributed to 

51.36% of the total morphotypes observed.  This was 

followed by morphotype 1 (yellow) with 25.03%. Whereas 

soil taken from maize plantation land cultivated with 

improved land management, morphotype 6 (reddish) was 
dominant and accounted for 45.4% of the total 

morphotypes observed, followed by morphotype 1 (yellow) 

with 18.8%. 

 

 

 
 
Figure 1. Spore density of AM fungi in soil sampled from the 
land where maize is cultivated with traditional and improved land 
management. Values are means (n=9) ± SE. Data were log (X+1) 
transformed 

 
 
 
Table 1. Spore density of morphotype and the relative abundance (RA) of the morphotype found under maize cropping system with 
traditional (A1, A2 and A3) and improved land management (B1, B2 and B3). A is the total of A1, A2 and A3, and B is the total of B1, 
B2 and B3 
 

Morphotype A1 RA A2 RA A3 RA B1 RA B2 RA B3 RA 

  
            1 (Yellow) 112 14.04 227 45.77 121 22.24 25 22.9 38 13.4 81 21.83 

2 (Black) 16 2.0 1 0.202 31 5.69 5 4.59 27 9.51 27 7.278 
3 (Orange) 48 6.01 1 0.202 56 10.29 9 8.26 13 4.58 91 24.53 
4 (White) 530 66.42 200 40.32 214 39.33 2 1.83 0 0 86 23.18 
5 (Yellow rough surface) 0 0 7 1.41 9 1.65 7 6.42 6 2.11 0 0 
6 (Reddish) 92 11.53 60 12.1 113 20.77 61 56 200 70.4 86 23.18 

Total 798 100 496 100 544 100 109 100 284 100 371 100 

  

              Traditional land management Improved land management 

Morphotype A RA (%) B RA (%) 
Yellow 460 25.03 144 18.8 
Black 48 2.61 59 7.72 
Orange 105 5.71 113 14.8 
White 944 51.36 88 11.5 
Yellow (rough surface) 16 0.87 13 1.7 

Reddish 265 14.42 347 45.4 

Total 1838 100 764 100 
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A B C 

 
Figure 2. Examples of morphotype found; A. Morphotype 1 (yellow, round, 124.32-365.97 µm), B. Morphotype 5 (rough yellow 
surface, round, 142.33-302.23 µm), and C. Morphotype 6 (reddish, round, 144.83-384.43 µm) 

 

 

 

This study found that the spore density of AM fungi 

was affected by land management. The spore density in the 

soil taken from maize plantation cultivated with traditional 

land management, was higher than that found in the soil 

taken from maize plantation with improved land 

management. The result was consistent with what was 

previously found under these two cropping systems (Ishaq 
et al. 2017). The effect of land management on AM 

sporulation has also been reported by other authors (Oehl et 

al. 2003, 2010; Schalamuk and Cabello 2010). Many 

factors can influence distribution and community structure 

of AM fungi such as climatic and edaphic factors, spatial 

and temporal variations, vegetation, disturbance, and 

sporulation ability of AM fungal taxa (Dandan and Zhiwei 

2007). Soil disturbances such as tillage (Entry et al. 2002; 

Kabir 2005; Schalamuk and Cabello 2010), long-term use 

of inorganic fertilizer (Rubio et al. 2003; Bhadalung et al. 

2005), and pesticides (Entry et al. 2002) have been reported 
to have a negative impact on AM communities. However, 

other soil factors, such as: soil type and land use intensity 

(Oehl et al. 2010), physicochemical edaphic properties 

(Panwar et al. 2011) and climate factors (de Oliveira and de 

Oleivera 2010), may also determine the sporulation or 

composition of AM fungal communities. In this study, the 

lower AM fungal spore density found under the maize 

cropping system with improved land management, might 

be related to soil factors such as soil disturbance, 

agrochemical inputs and soil organic carbon. However, the 

sporulation might be also related to ability of AM fungal 

taxa to sporulate at certain times and conditions.  
When comparing the density of AM fungi observed in 

the current study, with the result observed previously 

(Ishaq et al. 2017), the number of AM fungal spores 

observed in this current study tended to be higher in both 

traditional and more modern land management as 

compared to the previous findings. The higher AM spore 

density found in this study might be related to climatic and 

edaphic factors. Previously, the soil samples were collected 

at the end of rainy season when the soil moisture was still 

high. The AM types that are sensitive to high moisture 

might have not been able to sporulate at that time of soil 

sampling. In this study, the soil samples were collected in 

dry season when the soil moisture was low, possibly the 

soil conditions were more favorable for those of high-

moisture sensitive types of AM to sporulate resulting in 

more abundance of spore observed. Furthermore, the 

fungal species observed may be active at a specific 

time/condition, being capable of colonizing and 
multiplying themselves. 

Related to diversity of AM fungi, it seemed that the 

number of AM fungal morphotypes found was not quite 

distinct between the two land management systems, in 

which only six morphotypes were observed. The result 

would be plausible as the main host for AM observation in 

the study was the same (maize crops). The similar 

morphotypes found under these two land management 

systems may also indicate that these morphotypes are 

general AM colonizers for maize as host plants. 

Despite only a small number of morphotypes found in 
the study, interestingly, the dominance of the morphotype 

was different between the two land management systems. 

Morphotype 4 (white) was a dominant colonizer under 

maize cropping system with traditional land management, 

whereas morphotype 6 (reddish) was a dominant colonizer 

under maize cropping system with more modern land 

management. Morphotype 2 (yellow) seemed to have 

consistent sporulation under both traditional and more 

modern land management systems. There are some factors 

that may influence sporulation of AM fungi including the 

fungi forming mycorrhiza, host plant and environmental 

factors such as soil properties and land management 
(Brundrett 1991; Sieverding 1991). The results found in 

this study could indicate that sporulation and dispersal 

ability between the fungi/morphotypes found are different. 

However, it would also be possible that the soil condition 

under maize cropping system managed with traditional and 

more modern land management systems may differently 

affect the ability of the fungi/morphotype to sporulate and 

to disperse. Since land management could affect the soil 

condition, particularly the soil physical and chemical 

properties, more studies must be set up to isolate the main 
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factor that modulates the abundance and distribution of AM 

fungi at maize rhizosphere. 

The result of this study may provide useful information 

on the impact of land management on distribution and 

community structure of AM fungi in semi-arid agricultural 

land. However, since AM fungal sporulation can be 

affected by many conditions, it is impossible to draw a 

general conclusion based on this study. Therefore, further 

studies need to be undertaken to deeply investigate other 

soil factors that might be impacted by various land 
management systems. Considering low morphotypes of 

AM fungi observed in this study, future studies need to be 

undertaken to combine both wet sieving and trapping 

culture methods to assess sporulation and diversity of AM 

fungi. Additionally, when it is possible, studies should 

investigate a molecular technique to detect sporulation and 

colonization of AM fungi.  This may provide more 

information on AM fungal community between the two 

land management systems. 

In conclusion, land management could affect the 

abundance and distribution of AM fungi, however many 
other factors might be also involved. Due to the important 

role of AM fungi for ecological functioning, more studies 

need to be undertaken to gain a better understanding of the 

effect of land management on AM fungi and on the 

interaction between AM fungi and their host. This may be 

helpful to develop methods for utilizing mycorrhizae in 

sustainable agriculture. 
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