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ABSTRACT   

Pineapple cultivation is a popular practice among the rubber planters at the time of re-plantation 
especially in the district of Kottayam, Pathanamthitta, Idukki and Ernakulam of Kerala State in 
India. The growers were applying large amount of fertilizers, hormones, herbicides and pesticides 
at the time of cultivation. A field study was conducted at Theekoy Grama Panchayat (Meenachil 
Thaluk), Kerala State, to evaluate the bacterial population changes occurred in the fields due to 
the pineapple cultivation. Soil samples were collected from three farms and subjected to bacterial 
enumeration analysis. Bacterial enumerations were conducted by using enumeration methods 
like pour plate, spread plate and MPN. Our study showed that there was reduction in the number 
of soil bacteria during the cultivation period than before and after cultivation periods with Ananas 
comosus. It may be interpreted that the use of fertilizers, hormones, herbicides and pesticides 
reduces the growth of microbes at the time of cultivation and the soil regains its natural microbial 
flora slowly. Decline in soil bacteria may interfere with soil fertility and challenges the 
sustainability of intensive production systems. Further investigations should be conducted to find 
out the reasons for this phenomenon. 
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INTRODUCTION  
 Soil microorganisms play a major role in 
maintaining fertility of the soil, recycling of 
essential nutrients, promoting plant growth and 
improving microbial biomass carbon. The intensive 
use of fertilizers and agro-chemicals reduce the soil 
microbial diversity and affecting the quality of soil. 
Pineapple (Ananas comosus) is cultivated 
predominantly for its fruit contains manganese and 
vitamins and are popular in pizzas, condiments and 
confectioneries (Purseglove, 1972; Bartoloméet 
al.,1995; Elss et al., 2005). The cropping pattern in 
Kerala is dominated by plantation crops especially 
natural rubber (Hevea brasiliensis) which accounts 
for 92% of total natural rubber production in India 
in the year 2003 (Rajasekharan and Veeraputhran, 
2002).The gestation period of rubber is around 
seven years and intercropping in the initial years 

provide additional income to the farmers 
(Rajasekharan and Veeraputhran, 2002; Joy, 2014). 
The major intercrops reported were cassava 
(Manihot esculenta), rice (Oryza sativa), banana 
(Musa spp), ginger (Zingiber officinale), turmeric 
(Curcuma longa), elephant yam (Amorphophallus 
paeniifolius) and pineapple (Ananas comosus) 
(Rajasekharan and Veeraputhran, 2002).During the 
past 30 years, intercropping of rubber plantations 
during the first three years of planting with 
pineapple (Ananas comosus) is very popular among 
the rubber planters especially in Kottayam, 
Pathanamthitta, Idukki and Ernakulam districts of 
Kerala State in India (Joy, 2014). In rubber 
production strategy, the aim is for maximum 
output of rubber, but in a monocrop rubber 
plantation which is usually planted at 3.5 x 3.5 m 
spacing (500 trees/ha), 75% of the total land area 
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and 50% areal surface were not covered by main 
crop during first three years (Tan et al., 1980; 2003; 
Tajuddin, 1986; Weifu et al., 1999; Herath and 
Takeya, Peyre et al., 2006). In rubber plantations, 
the pineapple were cultivated at a spacing of 30 x 
45 x 120 cm which covers 25,000 plants per 
hectare (Devi, 2010; Siju et al., 2012; Joy, 2014). 
Many factors influence fruit quality, and one of the 
main factors is the fertilization. The quality and 
quantity of applied fertilizers are key factors 
affecting the growth, yield, and quality of crops 
(Chang et al., 2010). The pineapple growers in 
Kerala to a large extent are now adopting the 
modern cultivation practices like high density 
planting, foliar spraying, hormonal application for 
uniformity in flowering and other management 
practices including use of pesticides and herbicides 
(Devi, 2010; Joy, 2014). However, the continuous 
use of chemical fertilization leads to the 
deterioration of soil quality and microbial flora and 
fauna and might lead to the accumulation of heavy 
metals in plant tissues, affecting the fruit 
nutritional value and quality (Gimeno-García et al., 
1996; Shimbo et al., 2001; Rautaray et al., 2003). 
The application of organic manure and organic 
management practices leads to the sustainability of 
agriculture systems and improve the soil structure 
and stability in addition to enhancing the yield 
(Tester, 1990; Tejada and Gonzalez, 2003; Marinari 
et al., 2006; Chang et al., 2010).Based on this 
platform, the objective of this study was to 
evaluate soil microbial community and its changes 
in an intensively managed intercropped pineapple 
plantation. 
 
MATERIALS AND METHODS 
Study site 
Data used in this study were collected from three 
farms (F1, F2 and F3) located in Theekoy Grama 
Panchayath (Meenachil Thaluk) from 2011 to 2013 
Figure 1; Table 1). All farms were cultivated with 
natural rubber from 1970s onward with second 
replant in the year 2011 inter cropped with 
pineapple. The predominant crops in addition to 
natural rubber and pineapple include cocoa, 
cassava and ginger. The farms have a size of 0.8, 
1.2 and 1.5 ha respectively and primarily depend 
on rain fed irrigation. The locations of the farms 
were recorded using a Trimble Geoexplorer II GPS 
(Trimble Navigation Ltd, Sunnyvale, CA, USA). 

Soil samples 
The soil samples were collected in three different 
batches; before intercropping (A), during 
intercropping with pineapple (B) and after 
intercropping were removed (C) during three 
consecutive years. The samples were collected 
using non systematic random sampling method 
using auger to a depth up to 40 cm. The soil 
samples were stored at -20°C in a deep freezer 
(RQV-200 Plus, REMI, Mumbai, India) till analysis. 
Microbial enumeration 
The frozen soil samples were air dried for 5 hrs and 
later sieved used 2 mm sieves (Jayanth test sieves, 
Mumbai, India) to remove organic debris and later 
powdered using an agate pestle and mortar. For 
spread plates, 0.2 g soil samples were mixed with 
50 ml sterile distilled water and 500 µl were 
inoculated into nutrient agar plates (HiMedia, 
Mumbai, India) and spread with a glass L shaped 
road. In case of pour plates, the samples were 
transferred to the un-solidified nutrient agar plates 
at 40°C before solidification. Most probable 
number (MPN) of microorganism was enumerated 
using multiple tube dilution method (MTDT) with 
three tube dilution (APHA, 2005). 
 
Statistical analysis 
Descriptive statistics using SPSS 12.0 (SPSS Inc., 
Chicago,IL,USA) were conducted to summarize the 
data and graphs were generated using Sigma Plot 7 
(Systat Software Inc., Chicago,IL,USA). 
 
RESULTS AND DISCUSSION  
The observed spread plate count of the bacteria 
were high in F1 (239 ± 4.8) on the before replanting 
natural rubber (Figure 2; Table 2). A reduction in 
the number of bacteria can be observed among all 
farms during the intercropping with pineapple 
(Figure 3; Table 2). However in some farms (F2 and 
F3), an increased amount of bacteria can be seen 
when compared to the intercropping with 
pineapple (B). Number of bacteria isolated using 
pour plate method were less when compared to 
the former method (Figure 3; Table 2). 
Enumeration of bacteria using MTDT also gives a 
similar like spread plate enumeration results (Table 
3). However, there seems to have no improvement 
of bacterial number at the end of intercropping 
across all the selected farms (Figure 4; Table 3). 
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Table 1.Site description of the selected farms (F1, F2 and F3) in Theekoy Grama Panchayath, India during 
2011-2013. 
 
Site Position Soil type Area (m

2
) Crops 

Farms     

F1 9° 42' 36.41'' N 
76° 43' 18.31'' E 

Sandy Loam 8,023 Natural rubber, pineapple, 
Cocoa 
 

F2 9° 41' 28.23'' N 
76° 40' 40.59'' E 

Clay 12,417 Natural rubber, pineapple, 
cassava 
 

F3  9° 43' 54.89'' N 
76° 42' 11.69'' E 

Clay Loam 15,635 Natural rubber, pineapple, 
ginger 

 

Table 2.Bacterial count using spread plate and pour plate method from three different farms (F1, F2 and 
F3) during three different time (A; before intercropping, B; during intercropping and C; after 
intercropping)using nutrient agar medium (n=3). Values indicate mean number followed by standard error. 
 
Farm Dilution Bacterial count (spread plate) Bacterial count (pour plate) 

A B C A B C 

F1 10
-5

 239 ± 4.8 103 ± 42.1 198 ± 51.1 1 ± 0.8 2 ± 0.3 3 ± 0.6 

10
-6

 8 ± 1.1 2 ± 0.3 2 ± 0.3 1 ± 0.5 1 ± 0.8 2 ± 0.8 

10
-7

 3 ± 0.3 1 ± 0.5 0 ± 0.3 1 ± 0.5 1 ± 0.6 0 ± 0.3 

F2 10
-5

 230 ± 34.7 115 ± 57.3 13 ± 1.2 3 ± 0.3 2 ± 0.3 0 ± 0.3 

10
-6

 38 ± 0.8 27 ± 2.8 7 ± 0.8 4 ± 0.8 1 ± 0.3 1 ± 0.5 

10
-7

 4 ± 1.1 2 ± 1.4 1 ± 0.6 2 ± 0.3 1 ± 0.3 1 ± 0.3 

F3 10
-5

 236 ± 32.4 118 ± 36.6 137 ± 31.2 3 ± 0.8 8 ± 1.1 6 ± 1.7 

10
-6

 16 ± 1.2 12 ± 2.9 8 ± 0.5 2 ± 0.6 1 ± 0.3 2 ± 0.6 

10
-7

 7 ± 0.8 3 ± 1.1 2 ± 0.3 1 ± 0.5 1 ± 0.5 0 ± 0.3 

 

Table 3.Bacterial enumeration using most probable number from three different farms (F1, F2 and F3) 
during three different time (A; before intercropping, B; during intercropping and C; after intercropping) 
using nutrient broth medium (n=3). 
 
Farm Dilution Number of positive tubes Most probable number  

(in 100 ml) 10 ml 1 ml 0.1 ml 

F1 A 3 3 3 >1100 

B 3 1 0 43 

C 0 1 0 3 

F2 A 3 3 1 460 

B 3 1 0 43 

C 0 0 0 <3 

F3 A 3 3 3 >1100 

B 3 1 0 43 

C 0 0 0 <3 
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Figure 1.Map of Theekoy Grama Panchayath showing the location of the sample collection point marked as 
a star symbol. 
 
 
DISCUSSION 

The results show that analysis of soils from the 
uncultivated area (before intercropping), have a 
wealthy amount of microbes (Table 2). But it was 
observed that the soil collected from the pineapple 
cultivating land (B and C), there was a reduction in 
number of microorganisms during the period of 
cultivation. The number of microbes was slowly 
increasing the sample C which were collected from 
land were pineapples was cultivated before two 
years. 
According to Bollag et al. (1992), soil contaminated 
with insecticides, pesticides, herbicides, chemical 
fertilizers and plant growth hormones have direct 
toxic effect to microbial life in the soil. So the 
reduction of microorganisms in pineapple 
cultivating field was due to the over use of 
contaminating chemicals and also due to the lack 
of water because pineapple absorb water very 
much. Changes in the soil physical and chemical 
properties like, variation in pH, increase of soil 

temperature can also lead the reduction of 
microbes.  The increase in the number of 
microorganism in two to three years after 
cultivation may be due to the influence of 
composted pineapple residue return (Ahmed et al., 
2005; Liu et al., 2013). 
Different media can be used to enumerate both 
generalist and specialist microbes in the soil. Total 
heterotrophs (generalists) can be enumerated in 
complex medium, although full-strength medium 
such as trypticase soy broth may not be suitable for 
enumerating microbes in nutrient poor soils; for 
such samples tenth strength medium maybe 
appropriate (Alef and Nannipieri, 1995). The MPN 
method can be customized to differentiate among 
specialists by providing selective growth 
substrates. The microorganisms in a soil sample are 
serially diluted to extinction, inoculated in replicate 
into a suitable medium, and incubated under 
appropriate conditions to yield a series of cultures 
that is scored according to pre-determined criteria.  
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Figure 2.Enumeration of bacteria from the three different farms (F1, F2 and F3) before rubber replant (A). 
F1 (a, b and c), F2 (c, d and e), F3 (f, g and h) dilutions from 10-5, 10-6 and 10-7 respectively. For MPN, F1(j, k 
and l), F2 (m, n and o), F3 (p, q and r) dilutions from 10-5, 10-6 and 10-7 respectively.   



 http://jsrr.net 124                                ISSN: 2249-7846 (Online) 

Aparna C. Therumthanam et al.,  

 

 

Figure 3.Enumeration of bacteria from the three different farms (F1, F2 and F3) during intercrop (B). F1 (a, 
b and c), F2 (c, d and e), F3 (f, g and h) dilutions from 10-5, 10-6 and 10-7 respectively. For MPN, F1(j, k and l), 
F2 (m, n and o), F3 (p, q and r) dilutions from 10-5, 10-6 and 10-7 respectively.   
 

 



 http://jsrr.net 125                                ISSN: 2249-7846 (Online) 

Science Research Reporter, 4(2):119-127, (Oct. - 2014)                                         ISSN: 2249-2321(Print)

 

 

Figure 4.Enumeration of bacteria from the three different farms (F1, F2 and F3) after intercrop (C). F1 (a, b 
and c), F2 (c, d and e), F3 (f, g and h) dilutions from 10-5, 10-6 and 10-7 respectively. For MPN, F1(j, k and l), 
F2 (m, n and o), F3 (p, q and r) dilutions from 10-5, 10-6 and 10-7 respectively.   
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The combination of positive and negative cultures 
after incubation is evaluated by statistical methods 
to infer the MPN of viable cells in the undiluted 
sample. Culture based enumeration methods such 
as MPN and plate count assay are biased because 
only a small proportion of environ mental microbes 
has been cultured (Amann et al., 1995). With 
improved culture-based studies (Conon and 
Giovannoni, 2002), the bias imposed by growth-
based methods will lessen, but it must be 
considered when interpreting results. The 
advantage to growth-based enumeration over 
molecular methods is that the former is technically 
simpler, usually easy to interpret, and can yield 
isolate for further investigation. The advantage 
over plate count methods is that MPN is suitable 
for particulate samples that would obscure plate 
counts at low dilutions, and can detect microbes 
that will not grow on solid medium or are a minor 
component of a mixed culture.  

The disadvantages of MPN are that it yields 
only a statistical estimate of the viable microbes 
present and it requires many tubes and 
manipulations compared with plate counts. It has 
long been recognized that the plate count method 
under- estimates the actual number of living cells 
in the sample by one or more orders of magnitude 
(Skinner et al., 1952) because soil organisms may 
not be viable or are not cultivable under the 
conditions employed (Amann et al., 1995).The 
proportion of viable cells enumerated will depend 
on the soil and on the growth medium and 
incubation conditions.  

New strategies for enumerating previously 
uncultured microbes are being devised to alleviate 
the cultivation bias (Joseph et al., 2003; Stevenson 
et al., 2004), but selectivity will always be a 
disadvantage of the plate count method compared 
with direct counts or molecular methods. The 
advantages are that the plate count method is 
relatively rapid and inexpensive and yields well-
separated colonies suitable for subsequent 
purification and characterization. 
The intensive crop methods may be a result of the 
leasing system where the tenant maximise the 
profit during the lease period in pineapple 
cultivation (Nair and Menon, 2006; Siju et al., 
2012). However these practices may leads to 
reduced soil water holding capacity, nutrient 
retention, reduce soil fertility and microbial 
community. 

Experimental results suggest that the usage 
of chemical fertilizers, hormones, enzymes, 
herbicides and pesticides directly or indirectly 
influenced bacterial populations in the soil. But the 
effect was no longer exit because the soil regains 
its normal microbial flora within few years. The 
knowledge generated in this study may be used for 
further investigations especially to the effect of 
change in the microbial population on different soil 
properties, its effect on new crops, which strains 
are mostly affected etc. 
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