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AMF status of two local upland rice varieties, 
investigated from two sites (Site I
exhibited higher AMF colonization in comparison to those in Site II.
from 24.05% to 70.77% in KP1 and 28.00% to 76.01% in
colonization ranged from 21.90% to 70.36% in KP2 and 24.76% to 71.64% in KS2. In both the 
varieties of site
development that increases grad
in the month of September and October2012.ANOVA shows no significant variation in AMF 
colonization in different varieties of the same sites. While, there was significant variation in t
varieties at different sites. 
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INTRODUCTION 
 
Arbuscular mycorrhizal fungi (AMF) comprise one of the main 
components of soil microbiota in most agro
obligate mutualistic symbionts colonize the roots of most 
plants, including agricultural crops (Smith and Read., 1997). 
The importance of AMF in the improvement of crop plant is 
well documented. It is known that AMF enhance plant nutrient 
acquisition, improves soil quality, growth performance and 
productivity of the plants. The effectiveness of AMF on the 
growth and nutrient acquisition of rice grown under upland 
condition has also been reported by many workers (Gao
2007; Herdler et al., 2008; Purakayastha and Chhonkar 2001; 
Zhang et al., 2005). Rice plants readily form mycorrhizal 
associations under upland conditions (Rajeshkannan
2009; Ilag et al., 1987). There are several reports on AMF 
association of rice plants under greenhouse and field 
conditions. However, no such studies have been conducted on 
AMF association of upland rice under shifting cultivation 
locally known as jhum cultivation which is the main upland 
rice cropping system in the hilly areas of Ri
Meghalaya. Therefore, the present investigation was conducted 
to study the mycorrhizal status of two upland rice varieties in 
Jhum cultivation. 
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ABSTRACT 

AMF status of two local upland rice varieties, Kba Soh-pieng (
investigated from two sites (Site I-KP1 and KS1; Site II- KP2 and KS2)in the year 2012. Site I 
exhibited higher AMF colonization in comparison to those in Site II.
from 24.05% to 70.77% in KP1 and 28.00% to 76.01% in KS1 whereas in Site II,
colonization ranged from 21.90% to 70.36% in KP2 and 24.76% to 71.64% in KS2. In both the 
varieties of site I and II, the percent AMF colonization was lowest during the initial stage of plant 
development that increases gradually and it was highest during the booting and maturation period i.e., 
in the month of September and October2012.ANOVA shows no significant variation in AMF 
colonization in different varieties of the same sites. While, there was significant variation in t
varieties at different sites.  
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Arbuscular mycorrhizal fungi (AMF) comprise one of the main 
agroecosystems. These 

obligate mutualistic symbionts colonize the roots of most 
(Smith and Read., 1997). 

of AMF in the improvement of crop plant is 
well documented. It is known that AMF enhance plant nutrient 
acquisition, improves soil quality, growth performance and 
productivity of the plants. The effectiveness of AMF on the 

f rice grown under upland 
condition has also been reported by many workers (Gao et al., 

2008; Purakayastha and Chhonkar 2001; 
, 2005). Rice plants readily form mycorrhizal 

associations under upland conditions (Rajeshkannan et al., 
There are several reports on AMF 

association of rice plants under greenhouse and field 
conditions. However, no such studies have been conducted on 
AMF association of upland rice under shifting cultivation 

cultivation which is the main upland 
rice cropping system in the hilly areas of Ri-Bhoi district 

Therefore, the present investigation was conducted 
to study the mycorrhizal status of two upland rice varieties in 
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MATERIALS AND METHODS
 
Site description and field sampling
 
The roots and rhizospheric soils of two local upland 
varieties namely KbaSoh-Pieng (KP) 
collected from two different sites of Nongpoh (25°52´15.1´´N, 
91°53´17.9´´ E), Ri-Bhoi, Meghalaya
and burnt land prepared for cultivating rice (first year of 
jhumming) and Site II is a 
abandoned for 3 years and then again brought under shifting 
cultivation where ginger was grown primarily and continued in 
the second year where rice was grown as a sequential crop to 
ginger (second year of jhumming
planted in each site (Site I- KP1 and KS1; Site II
KS2)  and sampling was done at monthly intervals starting in 
the month of June, thirty days after sowing 
stage in November. From each sampling site, rhizospheric soils 
and roots of ten plants per site were randomly selected with 
sampling points approximately 5 m apart, mixed, kept in sterile 
polythene bags and transported to the laboratory for
 
Analysis of AMF colonization
 
Roots were washed thoroughly in tap water and cut into 
approximately 1 cm segments. The roots were then cleared in 
10% (w/v) KOH by heating at 90ºC for 20 min. 
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MATERIALS AND METHODS 

Site description and field sampling 

The roots and rhizospheric soils of two local upland rice 
Pieng (KP) and Kba Saw (KS) were 

collected from two different sites of Nongpoh (25°52´15.1´´N, 
Meghalaya. Site I is a freshly slashed 

and burnt land prepared for cultivating rice (first year of 
) and Site II is a jhum fallow field which was 

abandoned for 3 years and then again brought under shifting 
cultivation where ginger was grown primarily and continued in 
the second year where rice was grown as a sequential crop to 

umming). Both the varieties were 
KP1 and KS1; Site II- KP2 and 

KS2)  and sampling was done at monthly intervals starting in 
the month of June, thirty days after sowing up to the harvesting 
stage in November. From each sampling site, rhizospheric soils 
and roots of ten plants per site were randomly selected with 
sampling points approximately 5 m apart, mixed, kept in sterile 
polythene bags and transported to the laboratory for analysis.  

Analysis of AMF colonization 

Roots were washed thoroughly in tap water and cut into 
approximately 1 cm segments. The roots were then cleared in 
10% (w/v) KOH by heating at 90ºC for 20 min.  
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It is then washed and stained with trypan blue (Phillips and 
Hayman, 1970). The stained root samples were mounted with 
lactoglycerol on microscope slides and examined for AM 
fungal structure under light microscope. AMF colonization in 
the form of arbuscules, vesicles and hyphae were quantified by 
the magnified intersections method of McGonigle et al. (1990) 
and expressed it in percentage. 
 
Statistical analysis 
 
Data were statistically analyzed using one-way ANOVA. 
Pearson correlation coefficient was employed to determine the 
relationships between AMF colonization and soil physico-
chemical properties. Standard errors of means were calculated. 
 
Soil physico-chemical analysis 
 
Soil temperature was recorded in the field at the time of 
sampling.  Soil moisture content was determined by drying 10 

g fresh soil at 105
◦
C for 24 h in a hot-air oven. Soil pH was 

determined using a digital pH meter. Organic carbon and total 
nitrogen of the soil were determined using methods outlined in 
Anderson and Ingram (1993). Soil exchangeable potassium 
was estimated using flame photometer method of Jackson 
(1973). Available phosphorus of soil was estimated by 
molybdenum blue method of Allen et al. (1974) 
 

RESULTS 
 
Both the rice varieties KP and KS grown in the two sites 
harbored AMF association and the extent of AMF colonization 
varied between the varieties and the sites. Site I exhibited 
higher AMF colonization in comparison to those in Site II 
Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In Site I, the colonization ranged from 24.05% to 70.77% in 
KP1and 28.00% to 76.01% in KS1whereas in Site II the AMF 
colonization ranged from 21.90% to 70.36% in KP2and 
24.76% to 71.64% in KS2.Initial drop in AMF colonization 
was observed in the month of June and then gradually increases 
and reached its maximum at the booting and maturation stage 
i.e., in the month of September and October.  
 
However, a slight decreased in AMF colonization was 
observed at the harvesting stage. Root colonization was 
characterized by the presence of hyphae, arbuscules and 
vesicles. Both the varieties in the two different sites, the 
percentage of arbuscular colonization was found to be higher 
followed by hyphal and vesicular colonization. Initially both 
vesicles and arbuscules were less in number. The arbuscules 
increased with age and were maximum at the booting stage; 
thereafter a slight decreased in arbuscular colonization at 
maturity was observed. On the other hand, number of vesicles 
increased slowly with age and reached to maximum at 
maturity. Whereas, hyphal colonization was maximum at the 
initial stage of plant development. ANOVA shows no 
significant variation (P <0.05) in AMF colonization in 
different varieties of the same sites. While, there was 
significant variation in the same varieties at different sites. In 
KP1, AMF colonization showed a positive correlation with 
moisture content (r = 0.86, p <0.05) and negative correlation 
with K (r= −0.80, p <0.05) similarly, a positive correlation 
with moisture content (r = 0.75, p <0.05) and negative 
correlation with K (r= −0.94, p <0.05) was recorded in KS1. In 
KP2, AMF colonization showed a negative correlation with K 
(r = −0.79, p <0.05) and N (r= −0.87, p <0.05), in KS2, AMF 
colonization showed a negative correlation with K    (r = −0.84, 
p <0.05).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Mean AMF colonization (%) in KP and KS rice varieties of Site I and II.Values in parenthesis indicate  
the minimum and maximum range 

 
Sites Rice Varieties Arbuscules Vesicles Hyphea AMF 

Site I KP1 23.15 ± 5.70 
(9.97-44.29) 

8.18 ± 2.08 
(1.23-15.21) 

19.70 ± 1.66 
(12.85-22.31) 

51.03 ± 7.79 
(24.05-71.77) 

KS1 24.38 ± 5.80 
(10.07-44.59) 

9.36 ±2.36 
(1.50-15.51) 

20.13 ±1.96 
(14.79-24.66) 

53.87 ± 8.18 
(28.00-76.01) 

Site II KP2 20.50 ±3.96 
(6.77-35.66) 

8.34±2.34 
(0.80-15.04) 

19.39 ± 1.09 
(14.33-23.02) 

48.22 ± 8.04 
(21.90-70.36) 

KS2 20.80 ± 4.78 
(7.13-34.39) 

8.87 ± 2.54 
(0.22-14.91) 

19.39 ± 1.33 
(13.52-23.51) 

49.06 ± 7.98 
(24.76-71.64) 

 
 

Table 2. Mean values of soil physico-chemical properties of KP and KS rice varieties in Site I and II.  
Values in parenthesis indicate the minimum and maximum range 

 
Sites Rice Varieties MC (%) Temp (˚C) pH OC (%) N (%) P (%) K (%) 

Site I KP1 20.63± 1.44 
(15.13 – 25.53) 

27.97±1.84 
(22-35.3) 

5.86±0.05 
(5.72-6.10) 

1.89±0.03 
(1.77-2) 

0.33±0.02 
(0.29-0.40) 

0.0051±0.0003 
(0.0038-0.0059) 

0.13±0.008 
(0.10-0.16) 

KS1 20.58 ±1.39 
(15.17 -24.90) 

28.17±1.76 
(22.3-35.6) 

5.88±0.05 
(5.76-6.12) 

1.95±0.04 
1.78-2.1 

0.33±0.02 
(0.28-0.41) 

0.0050±0.0003 
(0.0038-0.0060) 

0.12±0.01 
(0.09-0.17 

Site II KP2 20.44±1.02 
(16.65 – 23.86 

28.66±1.42 
(23-33.6) 

5.35±0.06 
(5.14-5.49 

1.48±0.07 
(1.27-1.7) 

0.22±0.01 
(0.19-0.29) 

0.0039±0.003 
(0.0030-0.0050) 

0.09±0.01 
(0.06-0.12) 

KS2 20.38 ± 1.10 
(16.31-24.03) 

28.70±1.42 
(23-33.8) 

5.37±0.05 
(5.18-5.49) 

1.50±0.07 
(1.25-1.72) 

0.23±0.01 
(0.19-0.30) 

0.0039±0.0003 
(0.0028-0.0052) 

0.08±0.01 
(0.05-0.13) 

Note: MC = Moisture content; Temp = Temperature; OC = Organic carbon; N =total Nitrogen; P =Available Phosphorus;  
K = Exchangeable Potassium.  
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All the soil physico-chemical properties were higher in Site 1 
except soil temperature which was higher in Site II. Moisture 
content, available P and exchangeable K were higher in KP1 
whereas pH and organic carbon was higher in KS1.  Total N 
was higher in KP1 and KS1 Table 2.  

 
DISCUSSION 
 
Although it has been reported that AMF association may be 
reduced due to disturbance (Brundrett, 1991; Gould et al., 
1996) a high level of mycorrhizal association was observed in 
both the rice varieties grown in different sites of jhum field 
indicating the importance of mycorrhizal association in upland 
rice. 

 
A high percentage of AMF colonization in shifting cultivated 
soil was also reported by Songachan and Kayang (2011). 
Forest conversion by means of slash- and –burn followed by 
cultivation does not affect much on AMF colonization 
(Aguilar-Fernández et al., 2009). Bellgard et al. (1994) 
suggested that moderate fires had no significant impact on the 
infectivity of AMF. However, the AMF colonization in this 
study was found to reduce significantly in site II which 
involved intensive agricultural practice. Continued jhumming 
and cultivating in the same piece of land may have resulted in 
the destruction of AMF propagules and unfavourable edaphic 
conditions for regeneration of AMF (Singh et al., 
2003).Varieties also differed in AMF colonization and ranked 
differently depending on the location. Jakobsen and Nielsen 
(1983) reported that AMF root colonization varies greatly in 
different plant species grown in different types of soils. 
Colonization of a root system by AMF is influenced by a 
variety of potential mechanisms, including biological 
characteristics of rhizosphere under host species, host cultivar 
susceptibility to root infection, specific habitat conditions, 
AMF diversity and species composition, climatic and edaphic 
factors such as season, soil fertility, pH, temperature, soil 
moisture, soil organic matter and nutrient demand of the host          
(Wu et al., 2009; Stajerova et al., 2009; Gange et al., 1990; 
Muthukumar and Udaiyan, 2002).  

 
AMF colonization in roots changes across phenological stages 
of plants (Schalamuk et al., 2004; Singh et al., 2008). In both 
the varieties of site I and II, the percent AMF colonization was 
lowest during the initial stage of plant development, which 
increases gradually and it was highest during the booting and 
maturation period i.e, in the month of September and October 
The increase in AMF colonization as the host matures as found 
in both the varieties of site I and II was also earlier reported by 
Rajeshkannan et al. (2009); Ammani et al. (1985); Hayman 
(1970) and Mason (1964). In both KP and KS varieties of site I 
and II, number of arbuscles was found to be maximum at 
booting stage of the plant, a stage of active growth. The 
arbuscules are considered to be the preferential site for fungus-
plant metabolite exchange (Cox et al., 1975). The high 
percentage of vesicular colonization at maturity may be for 
their survival, as presence of intra-radical vesicles in the 
infected roots increase the inoculum potential of the infected 
root (Biermann and Lindermann, 1983). 
 

Hyphal colonization increases during the initial stage of the 
rice varieties. deCarvalho-Niebel et al. (2002) also reported 
that AMF colonization in rice at the germination stage starts 
with  the establishment of hyphal structures, which ensures 
contact with the host root and establishment of symbiosis. In all 
the study sites, negative correlation between K and AMF 
colonization was observed which is in agreement with Oliveira 
and Oliveira (2010).  Significant positive correlation was 
observed between AMF colonization and moisture content in 
KP1 and KS1. Lingfei et al. (2005) and Lugo et al. (2003) 
suggested that moisture content is an important factor 
influencing AMF colonization. A positive correlation between 
soil moisture and AMF colonization was also reported by Jha 
et al. (1992). 
 

Conclusion 
 

The study reveals both the rice varieties KP and KS grown in 
the two sites harboured AMF colonization indicating the 
importance of AMF association in upland rice. It also reveals 
that first year jhumming followed with rice cultivation does not 
affect much on the AMF community and its colonization. 
Whereas, continuous cultivating in the same piece of land 
coupled with short fallow period causes a decrease in AMF 
colonization in upland rice. 
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