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Abstract  

The objective of the study was to determine the soil physicochemical properties and its 
relationship with AMF spore population associated with upland rice grown under mixed and mono 
cropping systems. The rhizosphere soil of upland rice from the two cropping systems were 
collected for analysis of soil moisture content, soil temperature, pH, organic carbon, total nitrogen, 
available phosphorus, exchangeable potassium and AMF spore population. For isolation and 
enumeration of AMF spores, wet sieving and decanting method was followed. Mixed cropping 
harboured higher AMF spore population relative to mono cropping. Soil moisture content, total 
nitrogen and organic carbon was higher in mixed cropping system, whereas soil temperature, pH, 
available phosphorus and exchangeable potassium were higher in mono cropping system. Among 
the soil properties analysed, significant negative relationship of spore density with soil pH, 
available phosphorus and exchangeable potassium was observed in both the cropping systems and 
a significant positive relationship of spore density with moisture content and organic carbon was 
observed only in mixed cropping system. The present study suggests that cropping systems and its 
associate soil physicochemical properties influenced the spore population of AMF in the 
rhizosphere soil of upland rice. 
 
Key words – arbuscular mycorrhizal fungi – mixed cropping – mono cropping – soil properties – 
upland rice 
 
Introduction  
Soil is a fundamental component of agro-ecosystem, it act as biological entities with complex 
biochemical reaction (Dick 1994, Kizilkaya & Dengiz 2010). It is said to be fertile, when all 
conditions – physical, chemical and biological properties are favourable to crop development. 
Absence of any of these, acts as limiting factor and the crop as a whole suffers (Dutta 1986). 
Physical conditions determined the environments in which biological processes take place (de Vos 
et al. 1994), while chemical characteristics determined maximum quality of a particular soil 
(Hassink 1997). Different crops remove different amounts of mineral nutrients from the soil (Tulu 
2002). In this regard, the practices of mixed cropping, mono cropping, crop rotation, among others, 
deplete the soil essential plant nutrients in varying quantities depending on the nutrient demand of 
crops and the type of cropping system. Studies on mixed versus mono cropping plant species 
revealed that plant mixtures can produce greater plant biomass (Forrester et al. 2004), improve 
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nutrient cycling and soil fertility (Montagnini 2000). The increase in plant biomass in mixed 
cropped may have strong effects on soil microbial community.  

Analysis of soil is important for enumeration of microbial population, function and activities 
of soil microorganisms which are potential early indicator of soil health and quality (Schnurerer et 
al. 1985, Dick 1994). Arbuscular mycorrhizal fungi (AMF) are important components of 
rhizosphere microbial communities in agricultural ecosystems. It is a beneficial microbe 
fundamental for soil fertility that helps in increasing resistance to environmental stresses, 
enhancing plant nutrient acquisition, water relations, disease resistance, efficient recycling of 
nutrients and thus to long term stability and stabilization of the soil (Smith & Read 2008). AMF are 
known to be sensitive to changes in soil physicochemical properties alter by land use and land 
management practices in agricultural system. It has been widely reported that edaphic and climatic 
factors markedly influence AMF populations, rapid changes in soil nutrients may affect AMF 
association and spore counts (Abbot & Robson 1991).  

In order to exploit the biofertilizers potential of AMF for sustainable crop production, it is 
essential to understand the different factors influencing population of AMF. Meagre work has been 
done on the relationship between edaphic factors and AMF spore population in different cropping 
system particularly in upland rice growing region of Meghalaya, India. Therefore the present study 
aims to determine the soil physicochemical characteristics and AMF spore population associated 
with upland rice grown under mixed and mono cropping system and to find out the relationship of 
the various soil parameters and AMF spore density in each cropping systems. 
 
Materials & Methods 
 
Site description and Field sampling  

Samples were collected from farmers’ fields of upland rice mixed and mono cropping 
systems of Ri-Bhoi District, Meghalaya India. The indigenous upland rice variety Kba Saw was 
selected which are widely grown by the local farmers. Under mixed cropping upland rice were 
grown with other secondary crops like rice bean (Vigna umbellate) and maize (Zea mays). 
Rhizosphere soils of upland rice was collected from each cropping system at monthly intervals 
(April to November 2012) with ten replicates per site with sampling points approximately 5 m 
apart for analyses of AMF spore density and various soil physico chemical properties viz., soil 
temperature, soil moisture, pH, organic carbon, total nitrogen, available phosphorus and 
exchangeable potassium. Samples collected were mixed, kept in sterile plastic bags and 
transported to the laboratory for analysis. AMF spores isolation and enumeration was done by wet-
sieving and decanting method of Gerdemann & Nicolson (1963). Suspension of 25g soil sample in 
water was passed through a series of 710 to 37µm sieves. The residues in the sieves were washed 
into beaker and the sievates were dispersed in water and filtered through filter papers. These filter 
papers were spread in a Petriplates and intact spores were counted using a dissection microscope at 
40X magnification. Sporocarps and spore clusters were considered as one unit. The AMF spores 
and sporocarps were picked up from the filter papers using a laboratory needle and mounted in 
polyvinyl alcohol-lactoglycerol (PVLG) with or without Meltzer’s reagent on a glass slide and 
identified based on the online species descriptions published by Morton (http://invam.caf.wvu. 
edu/Myc_Info/Taxonomy/species.htm), AMF phylogeny (http://www.amf-phylogeny.com), Oehl 
& Sieverding (2004) and Goto et al. (2008).Spore density was expressed as number of AMF 
spores in 25g soil samples. Soil temperature was recorded using a digital soil thermometer at the 
time of sampling. Soil moisture content was determined by drying 10g of freshly collected soil 
sample at 105˚C for 24 hrs in a hot air-oven. Soil pH was measured in 1:5 soil-water suspensions 
using digital pH meter. Organic carbon was determined using colorimetric method and total 
nitrogen was determined following Kjeldahl method as outlined in Anderson & Ingram (1993). 
Soil exchangeable potassium was estimated using flame photometer method of Jackson (1973). 
Available phosphorus was estimated by molybdenum blue method of Allen et al. (1974). 
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Statistical analysis  
Data were statistically analysed using one-way ANOVA. Pearson correlation coefficient 

was employed to determine the relationships between AMF spore density and soil physico-
chemical properties. Standard errors of means were calculated for all the parameters studied. 
 
Results & Discussion  

Different cropping practices causes variation in soil physicochemical properties and AMF 
spore population in the rhizosphere soils of upland rice. The mean values of soil physicochemical 
properties and AMF spore density are presented in (Table 1). The spore count of AMF was 
significantly higher in mixed cropping system relative to mono cropping. The average spore count 
in rice mixed and mono cropping were 704.3 and 467.9 per 25 g soil respectively. Changes in 
cropping pattern may modify the sporulation and population of AMF in agriculture due to changes 
in soil nutrients, microbial activity and vegetation (Abbot & Robson 1991, Jansa et al. 2002). 
Highest spore density of AMF was observed in rice mixed cropping where the soil had high levels 
of moisture content, organic carbon and nitrogen content and low levels of temperature, pH, 
phosphorus and potassium. Pearson’s correlation of soil physicochemical properties and AMF 
spore density is given in (Table 2). 
 
Table 1 Mean (±SE) values and one way analysis of variance (ANOVA) of soil physicochemical 
properties and AMF spore density in mixed cropping and mono cropping. 
 
Cropping 
systems 

MC (%) Temp 
(˚C) 

pH OC (%) TN (%) P (%) K (%) Spore 
density/25g 
soil 

Mixed 
cropping 

22.23±0.56 28.3±1.17 5.79±0.01 2.20±0.05 0.37±0.008 0.0043±0.0002 0.13±0.001 704.3±116.7 

Mono 
cropping 

19.65±0.65 30.1±1.18 5.84±0.02 2.07±0.03 0.30±0.009 0.0057±0.0001 0.17±0.001 467.9±95.3 

ANOVA results 
Cropping 
systems 

F = 5.68; _ _ F =13.24; F = 10.96; F = 4.853; _ F = 4.90; 
p = 0.032   p = 0.003 p = 0.005 p = 0.045  p = 0.04 

Note: Values are the means of eight months of sampling; MC = Moisture content; Temp = Temperature;  
OC = Organic carbon; TN = Total Nitrogen; P = Available phosphorus; K = Exchangeable potassium. Values are 
significant at p ≤ 0.05; insignificant values are marked with ‘–’. 
 
Table 2 Pearson correlation coefficient analysis of various soil physicochemical properties with 
AMF spore density under each cropping systems. 
 
Variables Correlation coefficient (r) 

Mixed cropping Mono cropping 
Moisture content (%) 0.72* 0.09 
Temperature (˚C) -0.52 -0.29 
pH -0.90** -0.87** 
Organic carbon (%) 0.93** 0.08 
Total nitrogen (%) 0.67 0.45 
Available phosphorus (%) -0.89** -0.98** 
Exchangeable potassium (%) -0.97** -0.91** 
*- Significant at P< 0.01 
- Significant at P< 0.05 
 

The rhizospheric soil of upland rice in both the cropping systems was moderately acidic with 
mean pH of 5.79 in mixed cropping and 5.84 in mono cropping. Soil pH is an important factor 
influencing AMF development (Wang et al. 1993). The response of AMF to soil pH is highly 
variable and seems to be dependent primarily on the AMF species. Some AMF species occur either 
in acid or in alkaline soils and others occurs in both (Young et al. 1985, Robson & Abbott 1989). 
Wang et al. (1993) and Friberg (2001) reported that AMF responds the most at pH value ranging 
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from 5.5 to 7.1. A significant negative relationship between soil pH and AMF spore density was 
observed in both the cropping systems. Although the pH values across the two cropping systems do 
not show significant variations, slightly higher soil pH was recorded in mono cropping compared to 
mixed cropping system. The differences between soils in AMF spores germination appeared to be 
negatively correlated with the differences in soil pH (Hepper 1984). High soil moisture content and 
low soil temperature was recorded in rice mixed cropping system. The average soil moisture 
content was 22.23% in mixed cropping and 19.65% in mono cropping; soil temperature was 28.3 
˚C and 30.1 ˚C in mixed and mono cropping respectively. Soil moisture retention is important 
because upland rice depends primarily on rainwater. Presence of deep-rooted plant species along 
with dense foliage and greater accumulation of litter in mixed cropping system might have reduced 
surface runoff water and provide optimum surface coverage that checked evaporation losses. 
Similarly Ghanbari et al. (2010) reported that intercropping maize-cowpea has higher soil moisture 
content and lower temperature as compared to sole crops. Mono cultural agroecosystem associate 
to weakened soil structure by increased susceptibility to compaction, reduced water infiltration and 
increased erosion (Arshad et al. 2011). Significant positive correlation observed between soil 
moisture content and AMF spore population is in accordance with Khanam et al. (2006) and Kumar 
et al. (2010). Soil moisture content has been reported to have profound influence on AMF spore 
population and the optimum moisture for plant growth is suitable for AMF sporulation (Redhead 
1975). In the present study mixed cropping may facilitate a more favourable soil moisture condition 
for AMF to sporulate profusely and increased their numbers. The mean soil organic carbon content 
was 2.20 % and 2.07% in mixed and mono cropping respectively. Higher soil organic carbon in 
mixed compared to mono cropping is in accordance to Verma et al. (2014), who also noted higher 
organic carbon in Geranium mixed cropping with cereals, pulses, fodder and vegetables compared 
to Geranium sole cropping. Various factors such as plant species composition, plant biomass input, 
quantity and quality of root exudates could lead to the variation in soil organic carbon between the 
cropping systems. Nelson & Mele (2006) stated that the amount and quality of plant residues and 
exudates can influence the composition of soil microbial community as well as the dynamic of 
carbon and nutrient release in soil. A significant positive relationship between AMF spore density 
and soil organic carbon was observed in mixed cropping suggesting that increase in organic carbon 
content of soil is followed by an increase in spore counts. Similar results were reported by Johnson 
et al. (1991) and Mohammad et al. (2003) who found that spore density increased with soil organic 
carbon. Mycorrhizal scavenge nutrients from soils and transfer a portion of these nutrients to their 
host plant in return for labile plant C. This exchange also has important consequences for soil C 
balance, in that; mycorrhizal fungi can promote belowground storage of plant C. 

Higher nitrogen content in mixed cropping with a mean percentage of 0.37 was recorded as 
compared to mono cropping with a mean percentage of 0.30. The increase in total nitrogen in 
mixed cropping could be attributed to biological nitrogen fixation by the leguminous plant rice-
bean (Vigna umbellate). Improvement in soil nitrogen as a result of legumes inclusion in rice 
cropping has also been reported by Jat et al. (2012).Statistically insignificant correlation was 
obtained between AMF spore density and total nitrogen. Soil available phosphorus and 
exchangeable potassium was low in mixed cropping compared to mono cropping. The decreased in 
soil P and K may be due to greater uptake of these nutrients by different plant species in mixed 
cropping as compared to mono cropping. Li et al. (2004) and Wang et al. (2014) also reported 
reduction of soil P and K in crop mixtures, due to the combined demand of intercrops for these 
nutrients. Statistically significant negative relationship of AMF spore population with available P 
and exchangeable K was observed in both the cropping systems, thereby corroborating previously 
reported results (Oliveira & Oliveira 2010, Panwar et al. 2011). Generally AMF spore are reported 
to increase in soil where phosphorus concentrations is low (Galvez et al. 2001). Lower 
concentration of phosphorus in rice mixed cropping might have contributed to higher population of 
AMF spore. Phosphorus deficiency in the soils may results in the release of large amount of amino 
acids and sugars in the rhizosphere which are utilised by AMF for their growth (Jefwa et al. 2010). 
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Soil potassium is usually reported to have a stimulatory effect on AMF variables and minimum soil 
potassium has been suggested to be a prerequisite for AMF development (Quimet et al. 1996). 

Thus the present investigation implies that cropping systems and its associate soil 
physicochemical properties influence the AMF spore population in the rhizosphere soil of upland 
rice. Maintaining the population of AMF as an essential link between plant and soil is important for 
sustainable management of cropping systems. Edaphic characteristic including soil pH, soil 
moisture, temperature, soil nutrient content and cropping pattern have been reported to influence 
AMF population (Abbott & Robson 1991, Jansa et al. 2002). Consequently the relationship 
between AMF spore densities with different soil characteristics is a result of the interactions 
between all of these factors. 
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