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ABSTRACT 

Sudini, H., Liles, M. R., Arias, C. R., Bowen, K. L., and Huettel, R. N. 
2011. Exploring soil bacterial communities in different peanut-cropping 
sequences using multiple molecular approaches. Phytopathology 
101:819-827. 

Soil bacterial communities have significant influence on soilborne 
plant pathogens and, thus, crop health. The present study focuses on 
ribotyping soil bacterial communities in different peanut-cropping 
sequences in Alabama. The objective was to identify changes in microbial 
assemblages in response to cropping sequences that can play a role in 
managing soilborne plant pathogens in peanut. Four peanut-cropping 
sequences were sampled at the Wiregrass Research Station, Headland, AL 
in 2006 and 2007, including continuous peanut, 4 years of bahiagrass 
followed by peanut, peanut-cotton, and peanut-corn-cotton. Soil sampling 
was done at early and mid-season and at harvest. Bacterial community 
structure was assessed using ribosomal intergenic spacer analysis (RISA) 
combined with 16S rRNA cloning and sequencing. RISA results indicated 
>70% dissimilarities among different cropping sequences. However, 90% 

similarities were noticed among replicated plots of the same cropping 
sequences. Cropping sequences and time of soil sampling had consider-
able effect on soil microbial community structure. Bahiagrass rotation 
with peanut was found to have the highest bacterial diversity, as indicated 
by a high Shannon Weaver Diversity index. Overall, higher bacterial 
diversity was observed with bahiagrass and corn rotations compared with 
continuous peanut. The bacterial divisions Proteobacteria, Acidobacteria, 
Firmicutes, Bacteroidetes, and Actinomycetes were the predominant 
bacterial phyla found in all peanut-cropping sequences. The Proteo-
bacteria taxa in these soils were negatively correlated with the abundance 
of members of division Firmicutes but, conversely, had a significant 
positive correlation with Gemmatimonadetes taxa. The prevalence of the 
division Actinomycetes was negatively correlated with the relative 
abundance of members of division Verrucomicrobia. These results indi-
cate complex interactions among soil bacteria that are important con-
tributors to crop health. 

Additional keywords: soil microbial communities. 

 
Soil microbial communities are dynamic systems that can be 

influenced by several edaphic factors as well as the type of plant 
species grown, agronomic practices, and chemicals used to con-
trol major biotic stresses. Within the soil microbial community, 
bacteria are critical to nutrient cycling and are the dominant 
organisms within soils in terms of relative abundance, with most 
soils containing >109 bacterial cells per gram of soil (31). Al-
though some bacteria can cause plant disease, most are beneficial 
(19,30). The bacterial populations in plant rhizospheres may 
contribute to crop health by mediating nutrient acquisition and by 
controlling the growth or activity of plant pathogens. Bacterial 
biological control of plant pathogens can be due to antibiosis, 
competition for nutrients, contribution toward induction of sys-
temic resistance in hosts, and siderophore production (23, 25). 

Peanut is an important cash crop in the southeastern United 
States and is affected by many soilborne and foliar diseases. How-
ever, aflatoxin contamination is a major threat to the peanut in-
dustry because this problem affects the quality of the crop and, 
thus, negatively impacts trade and crop profitability (15). 
Aflatoxins are produced by the Aspergillus flavus group of fungi 
(i.e., A. flavus and A. parasiticus) following invasion of peanut 
pods during preharvest and postharvest stages (11,12). Aflatoxins 
are secondary metabolites which are carcinogenic, teratogenic, 
and hepatotoxic. The distribution of these aflatoxigenic fungi in 

soils supporting the growth of peanut is largely dependent on the 
prevalence of antagonistic microflora, especially the bacterial 
community (21). The existing bacterial communities which play a 
pivotal role in reducing the pathogen load in soils are to be 
monitored and preserved so as to manage this soil-saprophytic A. 
flavus group of fungi toward a healthy peanut crop environment. 

Bacterial communities in soils can be monitored through 
culture-dependent and -independent techniques. The culture-de-
pendent methods include enumeration of bacterial cells on media 
followed by identification. These methods are biased in estimat-
ing the diversity and richness of bacterial taxa, given that many 
bacterial phyla that are abundant in soils (e.g., Acidobacteria) are 
poorly represented in culture-based phylogenetic surveys (4,28). 
On the other hand, the culture-independent methods using nucleic 
acid-based identification and characterization can provide superior 
resolution without a cultivation bias and allow parallel processing 
of replicate soil samples, while still being subject to methodologi-
cal biases inherent in DNA amplification that result in under-
estimation of diversity (40). Many techniques relying upon ampli-
fication of the evolutionarily conserved 16S rRNA gene have been 
applied to studies of soil microbial communities, such as dena-
turing gradient gel electrophoresis (DGGE), terminal restriction 
fragment length polymorphism, ribosomal intergenic spacer analy-
sis (RISA), and 16S rDNA cloning, all of which are sometimes 
coupled with DNA sequencing (6,14,16,28). These molecular 
techniques provide a rapid and highly reproducible means of 
estimating the microbial diversity in soils. 

In this study, a census of bacterial populations in different pea-
nut-cropping sequences was conducted through a combination of 
culture-independent techniques. The objective was to identify 
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changes in the composition of soil bacterial communities among 
four different peanut-cropping sequences as well as within each 
cropping sequence over different sampling times using RISA and 
their implication on aflatoxin contamination of peanut. Although 
RISA provides a relatively high-resolution analysis of bacterial 
community structure and allows comparison of multiple soil 
samples, no phylogenetically informative data results from RISA 
band profiles. Therefore, to further refine the ribotype information 
obtained by RISA, 16S rRNA gene cloning and sequencing was 
also conducted on the total genomic DNA extracted for the RISA 
study to identify bacterial taxa present within soils in different 
cropping sequences. 

MATERIALS AND METHODS 

Site history and soil sampling. Soil samples were obtained 
from the Wiregrass Research and Extension Center, Headland, AL 
from a long-term rotation study. The rotation sequences used in 
this study were continuous peanut (P-P-P-P), peanut-cotton (Ct-P-
Ct-P), peanut-corn-cotton (P-Cn-Ct-P), and continuous bahiagrass 
for 4 years followed by peanut (B-B-B-B-P). Rotation sequences 
were arranged in a randomized complete block design with four 
replications. Soil sampling was conducted early-season (June), 
mid-season (August), and at harvest (October) during each 
cropping season of 2006, 2007, and 2008. Five soil cores were 
taken randomly across each plot from the root zone in each repli-
cation. Samples were placed in a plastic bag and transferred in a 
cooler. 

DNA extraction. Total genomic DNA was extracted from 10 g 
of soil using the Power Mac Soil kit from MoBio (MoBio 
Laboratories Inc., Carlsbad, CA) following the manufacturer’s 
instructions. The DNA was extracted immediately after sampling 
in order to maintain uniformity for comparing the bacterial com-
munities. The quality and quantity of extracted DNA was deter-
mined using a NanoDrop Spectrophotometer (Thermo Scientific). 
DNA stock solutions of 5 ng/µl were prepared and stored at  
–80°C for downstream application. 

RISA polymerase chain reaction. The bacterial ribosomal 
intergenic spacers were amplified using the primers internal tran-
scribed spacer (ITS)F (5′-GTCGTAACAAGGTAGCCGTA-3′) 
and ITSReub (5′-GCCAAGGCATCCACC-3′) (9). The reaction 
mixture (50 µl total volume) for polymerase chain reaction (PCR) 
consisted of 5 µl of 10× dilution buffer (20 mM Tris-HCl, [pH 
7.5], 100 mM KCL, 15 mM MgCl2, 1m M dithiothreitol, 0.1 mM 
EDTA, 0.5% Tween 20 [vol/vol], 0.5% Nonidet P40 [vol/vol], and 
50% glycerol [vol/vol]), 10 µM dNTPs, 400 nM ITSF primer,  
200 nM ITSReub primer, 200 nM ITSReub primer 5′ labeled with 
IRD700 fluorochrome (LI-COR, Lincoln, NE), 2 U of Taq poly-
merase (Promega Corp., Madison, WI), 5 µM MgCl2, and 20 µl of 
template DNA (≈100 ng). Amplification was performed in a 
Peltier thermal cycler (PTC 200; MJ Research) after a hot start at 
94°C for 3 min; followed by 30 cycles consisting of 94°C for  
45 s, 55°C for 1 min, and 68°C for 2 min; and final extension of  
7 min at 68°C. The polyacrylamide gel was prepared by mixing 
30 ml of 5.5% LI-COR poly-acrylamide (KB plus; LI-COR),  
200 µl of 10% ammonium persulfate, and 20 µl of N,N,N′,N′-
tetramethylethylenediamine. Each PCR product (5 µl) was 
transferred to new tubes and 2.5 µl of stop buffer was added (Blue 
Stop Solution; LI-COR). Amplified products were denatured at 
98°C for 5 min. The PCR products (0.6 to 0.8 µl) were electro-
phoresed on the NEN Global Edition IR2 DNA Analyzer (LI-
COR) following the manufacturer’s instructions. RISA fragments 
were resolved on 5.5% polyacrylamide gels and run under 
denaturing conditions for 8 h at 1,500 V on a LI-COR 4300 DNA 
sequencer. 

The RISA gel images were analyzed by the BIONUMERICS V. 
5.0 software program. Levels of similarity between fingerprints 
were calculated with the Pearson product-moment correlation co-

efficient (r) after the banding patterns were subjected to conver-
sion, normalization, and background subtraction with mathemati-
cal algorithms. Cluster analysis was performed with the un-
weighted pair-group method using average linkages (UPGMA) 
(2). Multidimensional scaling analysis (MDSA) was done to 
compare the clusters generated over different crop rotations as 
well as different sampling times. 

16S rRNA cloning and sequencing. The genomic DNA 
extracted from soils sampled in June 2006 were PCR amplified 
using universal bacterial primers 27F (5′-AGAGTTTGAT 
CMTGGCTCAG-3′) and 1492R (5′-TACGGHTACCTTGTTA 
CGACTT-3′) targeting the 16S rRNA gene (26). PCR reaction 
components contained 25 µl of 2× GoGreen (Promega Corp.),  
400 nM final concentration for each primer, and 50 ng of template 
DNA in a final volume of 50 µl. To improve PCR, 0.5 µl of con-
centrated bovine serum albumin at 10 mg/ml was added to the 
reaction mixture. Thermal cycling was initiated after DNA tem-
plate was added at 95°C for a hot start; then, 30 cycles of ampli-
fication were performed at 95°C for 30s, 55°C for 1 min, and 
72°C for 2 min; and a final extension of 72°C for 5 min. The 
amplification product was verified on a 1% agarose gel followed 
by ethidium bromide staining. The PCR product was purified 
using a Wizard SV Gel and PCR Clean-Up System (Promega 
Corp.) following the manufacturer’s instructions. 

The 16S rDNA amplicons were ligated into a TOPO-TA 
pCR2.1 vector (Invitrogen, Carlsbad, CA). After electroporation 
into Escherichia coli, the transformants were grown on Luria 
Bertani agar plates containing kanamycin at 25 µg/ml. In total, 
288 different rDNA gene clones from each soil sample were se-
quenced using rolling circle amplification of plasmid DNA and 
unidirectional sequencing with a vector primer (SymBio Corp., 
CA). The sequences were trimmed for quality at both ends using 
Sequencher 4.7 (Gene Codes Corp., Ann Arbor, MI). The 
trimmed rDNA gene sequences were compared with the GenBank 
nr/nt database using the BLASTn search algorithm. Divisional 
level affiliation for each rDNA gene clone was annotated manu-
ally based upon the identity of the top cultured bacterial nearest 
neighbor from the BLASTn analysis. 

Rarefaction curves and diversity indices. Rarefaction curves 
were constructed for all 16S rRNA gene libraries generated from 
four different peanut-cropping sequences at different distant per-
cent identity levels. A multiple alignment of each trimmed rDNA 
gene sequence was performed using ClustalX, and a distance file 
was generated from ClustalX output. Distance-based operational 
taxonomic unit (OTU) and richness analysis was performed using 
the ClustalX distance matrix to construct the rarefaction curves 
(35). Sequence similarities of 97% (0.03 distant matrices) and 
85% (0.15 distance matrices) were considered to distinguish the 
number of unique OTUs at approximate species and divisional 
levels for each rDNA clone library (20,32). 

The Shannon-Weaver diversity index (H) for relative abundance 
of 16S rRNA at the divisional level was calculated based on H =  
–Σpiln(pi) and the Simpson index (1 – D) was also calculated by  
1 – D = 1 – Σpi

2, where pi = the relative abundance of each group 
of organisms. 

Physical evaluation of pods and aflatoxin estimation. Har-
vested pods were bulked and later sorted into different categories 
by visual examination for each replicated plot. In total, 150 pods 
were visually evaluated from each sample as being small or im-
mature, rotten, discolored, or nematode damaged or having insect 
scars and holes, cracks, and visible A. flavus. Aflatoxin estimation 
for pod samples was carried out using Mycosep Multifunctional 
Cleanup Columns (Romer Labs, Inc., Washington, MO) in high-
performance liquid chromatography according to Wilson and 
Romer (39). 

Statistical analysis. Correlations were calculated among the 
abundance of bacterial groups and physical evaluation parameters 
of pods using the SAS statistical package (version 9.1.3; SAS  
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Fig. 1. Bacterial ribosomal intergenic spacer analysis patterns obtained from different peanut cropping sequences. Note: scale represents percent similarity 
calculated by the Pearson’s product correlation. The dendrogram was constructed by using unweighted pair-group method with arithmetic mean. 
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Institute, Cary, NC). Because aflatoxins were not detected from 
any sample in 2008, these were not included in data comparisons. 

RESULTS 

Bacterial RISA profiles. The RISA profiles indicated signifi-
cant similarities among community profiles of replicated plots 

sampled from the same crop rotation (Fig. 1). Some common 
bands were observed among all crop rotations regardless of time 
of sampling and type of cropping sequence. In general, simi-
larities within a range of 60 to 80% were observed among the 
plots of different cropping sequences in 2006 to 2007. RISA 
banding patterns from the continuous peanut-cropping system  
(P-P-P-P) indicated that there was ≈95% similarity in the plots 
that were sampled in October 2007. However, ≈89% similarity 
was observed among the plots that were sampled during August 
and October 2006 and August 2007. In the case of 4 years of 
continuous bahiagrass followed by peanut (B-B-B-B-P), simi-
larities of 88% were observed in plots that were sampled during 
August 2007. The banding pattern of the same rotation plots 
showed a marginal increase in similarity levels when sampled 
during October 2007 (90% similarity). In the peanut-cotton rota-
tion (Ct-P-Ct-P), for plots sampled in August 2006, the simi-
larities were 92% when plots were sampled in August, and plots 
sampled in October 2006 had a similarity of 89%. The peanut-
corn-cotton (P-Cn-Ct-P) rotation plots sampled in August 2006 
clustered at 85% similarity but showed 93% similarity when 
sampled during October 2007. 

MDSA of RISA community profiles of different cropping 
sequences revealed that bacterial communities specific to each 
cropping system were generally clustered with a few outliers, 
indicating a strong impact of cropping system on soil bacterial 
community structure (Fig. 2A). However, greater similarities were 
observed according to sampling time than to cropping sequences 
in practice (Fig. 2B). 

Relative abundance of bacterial phyla in different cropping 
sequences. Using BLASTn analysis, 288 16S rRNA gene se-
quences obtained from each soil rDNA gene library were se-
quenced and ≈240 sequences from each sample were found to 
have sequence similarities that affiliated them with known 
bacterial divisions. Poor-quality sequences were removed from 
the analysis to prevent ambiguous phylogenies. Even though the 
sequences were affiliated with many bacterial phyla, five 
divisions within the domain Bacteria were found to be pre-
dominant among all the peanut-cropping sequences: Proteo-
bacteria, Acidobacteria, Firmicutes, Bacteroidetes, and Actino-
bacteria (Fig. 3). 

Among the bacterial divisions that were identified within the 
collection of sequences in the 16S rRNA gene libraries, the 
predominant gram-negative bacterial populations belonged to the 
division Proteobacteria (32%), followed by Acidobacteria 
(23.3%) and Bacteroidetes (7.7%). Other gram-negative bacterial 
divisions (namely, Planctomycetes, Chloroflexi, Gemmatimona-
detes, Nitrospirae, and Verrucomicrobia) were found at 1.5 to 
3.2% of the total clones sequenced. The gram-positive bacterial 
divisions Firmicutes and Actinobacteria accounted for 13.8 and 
7.5% of total clones, respectively. There was no significant 
difference (P > 0.05) among crop rotations with respect to the 
rRNA abundance in bacterial divisions. However, correlation 
analysis indicated that Proteobacteria populations were negatively 
correlated with Firmicutes populations (r = –0.65 and P = 0.006) 
(Fig. 4A) and positively correlated with Gemmatimonadetes (r = 
0.64 and P = 0.007). A similar negative correlation existed be-
tween Actinomycetes and Verrucomicrobia (r = –0.51 and P = 
0.04) (Fig. 4B). 

Diversity indices and rarefaction curves. Among the cropping 
systems, diversity was slightly greater from rotation involving 
bahiagrass followed by peanut (B-B-B-B-P) as indicated by 
highest H value (5.42 ± 0.33) over other cropping systems (Table 
1). The remaining cropping systems are also rich in microbial 
diversity, with high H values (H > 5.2). Richness and diversity of 
all these peanut soils is also indicated using Simpson’s diversity 
index which falls near zero (1 – D ≈ 0.24) and is an indication of 
a more heterogeneous nature with respect to microbial com-
munities (Table 1). 

Fig. 2. Multidimensional scaling analysis of soil bacterial communities. A,
Colored by rotation. B, Colored by sampling time. 
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The rarefaction curves (data not shown) were constructed by 
comparing 16S rRNA sequences to determine the ribotype rich-
ness among different peanut-cropping sequences. These curves 
arbitrarily compare the bacterial diversity at different percent 
identities (e.g., 85 and 97% identity) to determine the degree of 
sampling exhaustiveness at each respective OTU. It is evident 
that, at 0.15 and 0.20 levels (i.e., 85 and 80% rDNA identity), the 
rarefaction curves have started to level off, indicating that the 
sampling is nearing saturation at these OTU cutoffs, correspond-
ing roughly to bacterial division-level affiliation. However, the curves 
at the 0.03 and 0.05 level have a steep slope for all the cropping 
sequences, thus indicating that sampling was inadequate for assess-
ing the soil bacterial diversity at finer phylogenetic resolution. 

Physical evaluation of pods and aflatoxin estimation. Visual 
evaluation of peanut pods indicated a significant positive corre-
lation between nematode damage and total aflatoxin contami-
nation of pods (r = 0.5663, P = 0.0277). Pod discoloration also 
had a significant positive correlation to total aflatoxin content of 
pods (r = 0.6613, P = 0.0073). In addition, nematode damage to 
pods was significantly correlated to visible fungal contamination 
(r = 0.8042, P = 0.0003) and to pod discoloration (r = 0.8878, P ≤ 
0.0001). However, no significant correlation existed between 
visual fungal contamination and total aflatoxin content in pods  
(r = 0.2396, P = 0.3896). Other contributing factors to either total 
aflatoxin content or aflatoxin B1 content included insect scars on 
pods (r = 0.3528, P = 0.1971 with B1), insect holes (r = 0.2015,  
P = 0.4714 with total aflatoxins), and insect pod cracks (r = 
0.1794, P = 0.5223 with total aflatoxins), and each of these were 
not significant. 

Total aflatoxin levels were found to be greater in 2006 com-
pared with 2007 in continuous peanut-cropping systems (Table 2). 
However, the predominant aflatoxin, B1, was found to be lower in 
2006 than in 2007. The mean total aflatoxin content and B1 
aflatoxin in continuous bahiagrass during 2007 was found to be 
19.75 and 1.95 parts per billion (ppb), respectively. The total 
aflatoxin content in peanut-cotton rotation during 2006 was 11.73 
ppb and B1 content was ≈2.53 ppb during 2006, whereas no 
aflatoxins were detected in 2008. The total and B1 type aflatoxins 
were found to be zero in 2008 for all the cropping sequences. 

Aflatoxin levels (both B1 and total aflatoxins) were compara-
tively higher in fields where peanut are grown as monoculture 

over other peanut fields that were rotated alternatively with cotton 
(data not shown). Both B1 and total aflatoxin contents decreased 
in bahiagrass-rotated fields of peanut when compared with fields 
where peanut was grown as a monoculture (Fig. 5). 

DISCUSSION 

The combined use of culture-independent techniques was 
applied to study the impact of long-term crop rotations on the 
diversity and richness of resident soil bacterial communities. 
RISA profiles of bacterial populations in this study revealed 
>70% dissimilarities among cropping sequences. However, greater 
similarities in bacterial profiles (≈90%) among replicated plots of 
the same cropping sequences were observed even though these 
replications in the field studies were located 150 m apart. These 
similarities among replicated plots of the same cropping sequence 
and dissimilarities among different cropping sequences are at-
tributed to the diversity of crops grown in each cropping sequence 
along with peanut. The interaction of different plant species has 
been shown to influence the bacterial diversity that exists in soil, 
especially in the rhizosphere (27). The bacterial community 
structure in the rhizospheres of chickpea, rape, and sudangrass is 
a result of complex interaction between the soil type, plant species, 
and root zone location of these crops as determined through PCR-
DGGE (27). Plant type had relatively greater impact over soil 
type and plant age in determining the soil microbial community 
structure in clover, bean, and alfalfa (38). However, contradictory 
reports on the impact of plant and soil types on bacterial diversity 
have been documented in the past. For example, plant and soil 
effects are masked by the strong influence of other important 
practices that are followed in agricultural soils where bacterial 
community structure is mostly dictated by the agronomic prac-
tices in cultivated fields, abandoned fields from cultivation, and 
fields with no history of cultivation (7,8). 

MDSA of RISA profiles indicated close clustering of bacterial 
communities with respect to sampling time, whereas significant 
differences were observed with respect to the cropping sequence. 
Because planting time denotes the age of the crop in cultivation in 
a particular field, diversity in the present study with respect to 
sampling time is attributed to the crop age as well as the weather 
at that particular time. Chemical fertilizer applications impact nu-

 

Fig. 3. Division-level affiliations of sequences from different peanut cropping systems as determined by 16S rRNA library sequencing with homology to eubac-
terial sequences in the nr/nt GenBank database. 
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trient availability to crops; therefore, the soil bacterial community 
structure could be undergoing a dynamic shift (29). In our find-
ings, sampling time had more impact on the clustering of com-
munity profiles and this change is attributed to the influence of 
soil environment factors such as soil moisture, soil temperature, 
soil nutrient status, and plant age at that particular point of time 
during a cropping season. 

The results of cloning and sequencing revealed that the relative 
abundance of bacterial divisions based on 16S rRNA sequences is 
not significantly different among peanut-cropping sequences. 
However, in all rotations, there was an abundance of bacterial 
divisions Proteobacteria, Acidobacteria, Firmicutes, Bacteroi-
detes, and Actinomycetes over other bacterial divisions. This is in 
agreement with previous studies of soil agroecosystems (7,8). The 
important bacterial genera that were consistently observed in this 
study among different times and cropping systems included 
Pseudomonas, Rhizobium, and Bacillus spp. Both Pseudomonas 
and Bacillus spp. include major plant growth promoting rhizo-
bacteria that may suppress many soilborne diseases in crops (23, 
24,37). Interestingly, correlations were observed in the relative 
abundance of certain bacterial phyla, with negative correlations 
observed between members of the Proteobacteria and Firmicute 

divisions and the Actinobacteria and Verrucomicrobia divisions; 
however, the populations of Proteobacteria had significant posi-
tive correlation with Gemmatimonadetes. These correlations be-
tween the relative abundance of different bacterial divisions may 
result from direct antagonistic or symbiotic interactions, or could 
be the consequence of complex indirect activities among the soil 
micro- and macrobiota. Interactions between rhizosphere bacteria 
and other microbes is a dynamic phenomenon in agricultural field 
soils, and such interactions can ultimately have a significant 
impact on crop health mediated by soilborne plant pathogens 
(1,3,5,17). For example, the antagonistic effect of the Firmicute 
bacterium Pasteuria penetrans on root knot nematodes could alter 
plant-parasitic nematode populations (10,34). In a long-term 
rotation study, the effect of cropping sequences might be masked 
by the dominant effect of management practices which include 
structural changes and depletion of soil nutrients (13). 

The four peanut-cropping sequences selected for this investi-
gation are under the influence of intensive agronomic practices. 
Continuous monitoring of these bacterial communities may help 
in determining the microbial interactions in soils supporting the 
growth of peanut under different cropping sequences. The bac-
terial diversity in all cropping sequences, as indicated by 

 

Fig. 4. Correlations between bacterial divisions based on 16S rRNA sequence similarities. A, Negative correlation between the abundance of Proteobacteria and 
Firmicutes (r = –0.65, P = 0.006). B, Negative correlation between the abundance of Actinobacteria and Verrucomicrobia (r = –0.51, P = 0.04). 
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Shannon-Weaver (H) and Simpson (1 – D) indices, revealed a 
high diversity and heterogeneous nature of resident soil bacterial 
communities of different peanut ecosystems. Whereas the Simpson 
index represented heterogeneity among these cropping sequences, 
the Shannon-Weaver index projected no significant differences 
with respect to bacterial community diversity among the four 
cropping sequences under study. However, continuous bahiagrass 
rotation followed by peanut had slightly higher heterogeneity over 
other cropping sequences, thus indicating the role of bahiagrass in 
increasing soil microbial diversity. Based on our results, it can be 
inferred that bahiagrass cropping contributed significantly to 
reducing the A. flavus populations in soils (data not shown) when 
compared with other rotations in general and with peanut mono-
cropping in particular. In an earlier study, bahiagrass, when used 
as a component in peanut-cotton rotations, was reported to en-

hance root biomass of cotton and peanut crops in subsequent 
years, thus increasing yields (22). Further, bahiagrass cultivation 
also is beneficial in reducing population levels of deleterious soil 
fauna such as Meloidogyne arenaria, the peanut root knot nema-
tode, when included in a cropping sequence at least once every  
2 years (22). Bahiagrass, when used as a long-term rotation, has 
the ability to improve beneficial soil microflora and may reduce 
the impact of soilborne diseases in peanut among different rota-
tions practiced with corn and cotton (18). Rarefaction curves for 
all the cropping sequences denoted the inadequacy of sampling to 
determine the full extent of soil bacterial diversity and richness. 
The tremendous diversity of soil microbial taxa precludes an 
exhaustive analysis of rDNA sequences for each of the cropping 
sequences. Further sampling refinement and sequencing intensity 
(e.g., pyrosequencing) would be needed to exhaustively sample 
the bacterial diversity in these soils. 

Arbitrary evaluation of pods from sampled plots for estimating 
the influence of different factors on aflatoxin contamination 
yielded interesting results. In the present study, a significant 
positive correlation was obtained between nematode infestation of 
pods with visual fungal contamination as well as with total afla-
toxin contamination. Both of these factors were found to influ-
ence the total aflatoxin content of pods directly. In addition, the 
total aflatoxin content is indirectly being influenced by both pod 
discoloration and visual fungal contamination on pod surfaces. 
Pod discoloration has direct influence on aflatoxin contamination 
as well as on nematode damage, which further has direct influ-
ence on total aflatoxins. None of the other factors that are 
visualized have significant influence on pod aflatoxin contents. 
Pod damage due to nematode infestation might make pods prone 
to fungal attack and subsequent aflatoxin contamination. Timper 
et al. (36), while working on the relationship between peanut afla-
toxins and nematode damage, reported that aflatoxins occurred 
more frequently in pods that had more nematode galls. Nematode 
infestation of pods may have provided sites by which the A. flavus 
in the soil gained entry, and this subsequently led to toxin 
contamination. However, a combination of factors may play a role 
in aflatoxin contamination such as nematode infestation, insect 
damage, and pod cracks that are induced by drought stress during 
the maturity periods (36). Nematode infestation of pods may also 
lead to impaired root functioning, thereby making the plants 
predisposed to drought stress. Sanders et al. (33) reported that 
drought stress around the pod zone predisposes peanut to afla-
toxin contamination. 

TABLE 2. Aflatoxin levels in 2006 and 2007 from different peanut-cropping 
sequencesa 

 Aflatoxin levels (parts per billion) 

 2006 2007 

Typeb P-P-P-P P-Ct-P-Ct P-P-P-P B-B-B-B-P 

B1 6.9 2.533 2.8282 1.9527 
B2 4.375 3.444 26.3397 2.0845 
G1 0 5.747 5.137 9.72 
G2 8.7513 0 7.469 5.8822 
Total 20.026 11.72 41.75 19.75 

a Cropping sequences: continuous peanut (P-P-P-P), peanut-cotton (P-Ct-P-
Ct), and continuous bahiagrass for 4 years followed by peanut (B-B-B-B-P).

b Type of aflatoxin. 

TABLE 1. Values for ecological diversity indices (DIs) of Shannon-Weaver 
(H) and Simpson (1 – D) obtained using 16S rRNA gene relative abundance in
different peanut-cropping sequences 

 DI (average ± standard deviation) for each cropping sequencea 

DI P-P-P-P B-B-B-B-P Ct-P-Ct-P P-Cn-Ct-P 

H 5.24 ± 0.19 5.42 ± 0.33 5.27 ± 0.11 5.20 ± 0.24 
1 – D 0.24 ± 0.01 0.23 ± 0.02 0.23 ± 0.01 0.23 ± 0.01 

a  Data were calculated from four replicated plots of each cropping sequence:
continuous peanut (P-P-P-P), continuous bahiagrass for 4 years followed by
peanut (B-B-B-B-P), peanut-cotton (Ct-P-Ct-P), and peanut-corn-cotton 
(P-Cn-Ct-P).  

 

Fig. 5. Effect of bahiagrass rotation in peanut fields on pod aflatoxin contamination (parts per billion [ppb]) during 2007. 
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Although we did not detect substantial differences in aflatoxin 
contamination levels between rotation sequences, similar trends 
were seen. Specifically, decreases in B1 and total aflatoxin levels 
were consistently noted when peanut was cropped following 
several years of bahiagrass. However, population dynamics of 
both A. flavus and A. parasiticus should be worked out in parallel. 
In addition, it needs to be kept in mind that results will vary 
depending upon the population levels of toxigenic and atoxigenic 
strains of these fungi. Trends from both experiments showed that 
bahiagrass rotation in peanut fields substantially reduced aflatoxin 
levels compared with peanut fields that are rotated with cotton, 
which is the most frequently used rotation system in the south-
eastern United States. In order to maintain crop health as well as 
soil health, sod-based crop rotation is always preferable instead of 
monocropping of peanut which, in turn, mitigates the effect of 
aflatoxin contamination in peanut. 

This research was undertaken as an initial step toward develop-
ing a better understanding of the effects and interactions of 
different peanut-cropping sequences on soil microbial communi-
ties and to determine practical ways to potentially manipulate the 
soil microbial environment to provide improved crop health and 
productivity in sustainable agriculture. Monitoring of A. flavus 
populations in different peanut-cropping sequences and deter-
mining microbial community structure in these soils must be done 
at regular intervals so as to determine whether these can be 
manipulated to reduce aflatoxin contamination in peanut. For that 
reason, precise, high-resolution DNA fingerprinting methods were 
useful for constant monitoring of changes in microbial groups at a 
finer scale. Based on these community profiles obtained through 
molecular fingerprinting methods, cropping sequences can be 
determined to ameliorate the soil microbial community structures 
in favor of beneficial microflora in peanut soils for successful 
management of the aflatoxin problem and other soilborne patho-
gens in peanut. With further studies, we hope to identify more 
specific changes and characteristics of soil bacterial communities 
associated with particular peanut-cropping sequences and to relate 
these changes to effects on soilborne disease management and, 
thereby, crop health and productivity. 
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