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Abstract
In the recent years, low input agriculture has gained high popularity and there is an emerging
body of literature on the role of arbuscular mycorrhizal fungi in organic farming and its potential use
in low input agriculture systems. This study was conducted to analyse mycorrhizal status of several
31 different plants in organically managed farms in south Florida: organic farm at the Florida
International University and the organic fruit, farm Possum Trot. Rhizosphere soil was analysed for
mycorrhizal spores and soil nutrients, and plant roots were analysed for mycorrhizal colonization
status. Possum Trot, which is a less disturbed site, had higher mycorrhizal spore density in the soil
as compared to the organic farm at the Florida International University, which gets highly disturbed
with student activities. However, plants at the Florida International University organic farm had
higher degree of mycorrhizal colonization in the roots. Of the 31-plant species analysed,
Cymbopogen nardus had highest root colonization (75%), while Spinacia oleracea had no signs of
mycorhrizal colonization in the roots. Surprisingly, although very low, arbuscular mycorrhizal
colonization was observed in roots of Eruca sativa and Chrysophyllum cainito which are normally
reported as non-host plants of mycorrhizal fungi. Arbuscular mycorrhizal spore density showed a
negative correlation with soil N, while it had a positive correlation with soil P. Though spores of
Glomus, Gigaspora, Acaulospora and Scutellospora were found in our study. Glomus were the
dominant genera in the rhizosphere of plants grown in the organic farms. Our results indicate that
disturbance did not have much impact on the mycorrhizal colonization in the roots, but did have an
impact on the rhizosphere spore density. The high occurrence of mycorrhizal fungi in the organic
farms of south Florida and potential for the use in organic farm management is discussed.
Key words – disturbance – mycorrhizal fungi – organic farms – soil nutrients – sustainable
agriculture
Introduction
Mycorrhiza is one of most important symbiotic relationships between microorganisms and
plants (Smith & Read 1997, Paszkowski 2006). It has positive effects on the growth and production
of plants in agroecosystems, as well as wild areas by increasing the supply of soil nutrients (Smith &
Read 2008). There is an emerging body of literature on the role of arbuscular mycorrhizal (AM) fungi
in organic farming and its potential use in low input agriculture systems. AM fungi may proliferate
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plant growth by enhancing competitive ability of the host plant (Daisog et al. 2012), enhancing
tolerance to soil pathogens (Lendzemo et al. 2005), increasing protection from herbivores and abiotic
stress (Bennett et al. 2009) and improving the soil structure (Smith & Read 1997, Wilson et al. 2009).
It is widely acknowledged that the main advantage of mycorrhizal fungi to the host plant is the
increased uptake of P, N, K, Zn, Cu, S, Fe, Mg, Ca and Mn (Marschner & Dell 1994, Clark & Zeto
2000). Mycorrhizal fungi are known to have a wide variation and adaptation to several soil
conditions. They colonize a large number of plant species and lack host-specificity (Lee et al. 2013).
However, association of mycorrhizal fungi to the host plant varies significantly across ecological
regions depending on the soil properties (Brundrett 1991, Soti et al. 2015) and farm management
(Oehl et al. 2004).
South Florida climate offers the opportunity to successfully produce a wide variety of tropical
and subtropical fruits and vegetables. However, south Florida’s mostly sandy soil with high pH and
low nutrients creates a challenge to the farmers. Understanding the mycorrhizal status of plants in
the farm may help in better management of farms and improve productivity to organic growers who
have limited soil amendment options (Nelson & Janke 2007). The objective of this study was to
document the mycorrhizal status of different plant species in two different organic farms in south
Florida with different levels of disturbances and plant diversity.
Materials & Methods
Study site
The study site is located near the North Atlantic Ocean of Miami, FL, USA. Fieldwork was
conducted in a student maintained organic farm (N25° 45′ 23.67″, W80° 22′ 26.22″) at Florida
International University and Possum Trot organic farm (N25° 34′ 3.55″, W80° 26′ 9.61″) in Miami,
Florida. Miami has a tropical monsoon climate with an average annual rainfall of 1575 mm and a
mean annual temperature of 25ºC.
Sampling
Rhizosphere soil samples and root samples were collected from 31 plant species in both the
farms. The selected plant species and sites of sample collection are given in Table 1. The soil samples
were passed through a 2-mm sieve and a portion of soil sample was air dried for the analysis of
chemical and physical properties, remaining soil was stored in a 4ºC fridge for biological analysis.
Measurements
Forty-five 1.5 cm root fragments were collected from each plant, and the AM colonization was
quantified following a modified method described by McGonigle et al. (1990). Roots were cleared
in 15% KOH at 70ºC for 4 hours, rinsed twice with water, bleached with ammoniated H2O2, and
acidified with 1 N HCl. Root staining was done using Trypan blue in acidified glycerol at 80ºC for
20 minutes. The stained roots were then examined with a dissecting microscope at 30–60 X
magnification for the degree of mycorrhizal colonization; the portions that showed the presence of
mycorrhizal fungi were mounted on slides and examined at 100–400 X magnification to further
analyse various mycorrhizal structures such as vesicles, arbuscules and hyphae structure. Percentage
of mycorrhizal colonization in roots was estimated by:
% Colonization=

Total number of AM root segments
×100
Total number of root segments observed

Spores of AM fungi were extracted and separated from the soil using wet sieving and decanting
procedure Sieverding (1991). 100 ml of DI water was added to dry equivalent of 50 g of soil from
each site. It was then mixed vigorously to separate the spores from soil aggregates. The mixture was
washed through a series of sieves (2 mm, 100 µm and 32 µm). Washing was done until the water
flowing through the sieves was clear. The sievate retained on the sieves was washed and centrifuged
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with water to remove floating organic debris and the supernatant was discarded. The pellet in the
bottom was re-suspended in a 50% sucrose solution, and centrifuged for one minute at 2000 RPM to
separate the spores from denser soil components. Immediately after centrifugation, spores in the
sucrose supernatant were rinsed in a fine sieve to remove the sucrose. The spores were then washed
into a filter paper for vacuum filtration. Spores were separated based on colour, size, type and
morphology of the subtending hypha at the point of spore attachment were observed under a
stereomicroscope at 100 x and 400 x magnification. The fungal spores were then mounted on slides
for taxonomic identification to the genus level based on the spore morphology and wall
characteristics, using the descriptions by the International Culture Collection of Arbuscular and
Vesicular-Arbuscular Mycorrhizal Fungi (http:// invam.caf.wvu.edu).
The rhizosphere soil samples collected from the two farms were analysed for soil pH, texture,
soil moisture, total phosphorus (P) and total carbon (C) and nitrogen (N). The soil pH was measured
with a pH meter, (soil solution ratio 1:2 in water), texture was measured by the hydrometer method,
percentage of carbon and nitrogen was measured with a TruSpec Carbon/Nitrogen Analyzer (Leco
Corporation, St. Joseph, MI, USA). For total P measurement, soil samples (0.25 g, finely ground)
were ashed (500ºC), digested in 2 ml HCL (6N) and 10 ml HNO3, and analysed with an UV
spectrophotometer (Shimadzu Scientific Instruments, Columbia, MD, USA. (U.S. Environmental
Protection Agency [US EPA 1983]).
Statistical analysis
The relationship among AM spore density in rhizosphere, mycorrhizal root colonization and
some soil parameters were determined by Pearson’s correlation analysis. SAS was used for all
statistical analyses (SAS Institute Inc. 1996).
Results
Soil characteristics
Physical, chemical and biological characteristics in organic farms in very important to
determine soil productivity. Since many of the nutrients in organic farms should be transformed by
microorganisms the soil in organic farms should be suitable for high microbial diversity and density.
We analysed the rhizosphere soil samples under 31 plant species. The soil texture in both the farms
was sandy loam. The soil pH was close to neutral to alkaline (soil pH: 7.19–8.33) which is common
for south Florida with calcareous substrates. The soil moisture ranged between 6 and 29%. The soil
C concentration ranged between 4.99 and 20.4%. The soil N concentration ranged between 0.02 and
0.94%. The soil P concentration ranged between 0.03 and 4.96%. It showed great differences among
the rhizosphere soils. The means of physic-chemical soil properties are showed in Table 1.
Mycorrhizal status in roots
Among the 31-species analysed, 30 plant species showed mycorrhizal colonization (Table 1).
AM colonization was not observed in roots of Spinacia oleracea. The colonization level ranged from
5% – 75%. The lowest was in Eruca sativa (5%) followed by Chrysophyllum cainito (10%). Highest
colonization level was found in Cymbopogen nardus (75%) followed by Juglans neotropicans and
Vigna unguiculata (70%).
Spore density and diversity
Sweitenia macrophylla was showed the highest number of AM spores per 50g soil during the
study by values 535 spores, while Hibiscus acetosella was recorded as lowest plant associated with
AM fungi by value 22 spores (Table 1). The mean number of AM spores at Possum Trot was 300
spores / 50g soil, while the mean number of AM spores at the Florida International University (FIU)
was 84 spores / 50g soil.

953

Table 1 Status of selected properties of the collected soil samples, the mean of number of AM spores
and AM root colonization.

Possum Trot

Florida International University

Plant Species
Hibiscus acetosella
Vigna unguiculata
Carica papaya
Musa paradisiaca
Ipomea batatas blackie
Capsicum chinense
Mentha piparita
Spinacia oleracea
Eruca sativa
Cucumis sativus
Plectranthus
amboinicus
Psidium guajava
Persea americana
Jatropa curcas L
Saccharum officinarum
Mangifera indica
Ipomoea batatas Poir
Cymbopogon citratus
Passiflora edulis
Cymbopogen nardus
Garcinia spicata
Annona montana
Coffea arabica
Psychotria nervosa
Lonchocorpus
punctalus
Myrcirea califlora
jaboticaba
Tectona grandis (Teak)
Sweitenia macrophylla
Chrysophyllum cainito
Averrhoa carambola
Juglans neotropicans

Soil
Spores
Moisture / 50g
(%)
Soil
22.58
22
23.43
124
24.86
96
10.28
76
5.83
48
23.54
42
24.10
72
24.56
74
23.57
70
24.04
70

AM Root
Colonization
(%)
17
70
63
35
15
43
53
0
5
25

N
(%)

C
(%)

P
(%)

pH

0.45
0.56
0.64
0.27
0.52
0.55
0.53
0.94
0.83
0.90

8.02
12.6
11.1
5.17
8.31
11.6
11.8
20.4
13.7
18.5

0.10
0.11
0.11
0.05
0.14
0.10
0.08
0.08
0.09
0.10

7.47
7.72
7.59
7.68
7.35
7.53
7.52
7.62
7.5
7.48

0.79

16.3

0.09

7.61

22.60

62

65

0.26
0.37
0.52
0.57
0.46
0.68
0.32
0.44
0.35
0.42
0.42
0.02
0.02

4.99
8.05
7.62
9.8
11.4
12.3
6.65
13.3
14.30
15.33
10.70
7.41
6.17

0.03
0.08
0.10
0.26
0.10
0.20
0.07
0.08
1.78
1.25
0.47
1.33
4.96

7.59
7.5
7.21
7.63
7.58
7.48
7.62
7.76
8.33
8.19
7.47
7.45
7.48

7.89
23.54
13.06
11.04
9.89
18.52
7.93
23.64
28.95
21.80
13.60
17.30
15.60

100
40
112
78
34
82
66
78
325
95
288
311
166

45
65
65
55
25
45
25
25
75
15
33
41
22

0.28

11.00

0.59

7.41

15.00

272

40

0.12

10.50

0.98

7.52

18.56

134

11

0.26
0.37
0.03
0.42
0.37

11.30
12.90
7.84
9.36
12.70

2.60
1.31
1.07
2.54
1.90

7.49
7.19
7.54
7.31
7.56

15.60
21.26
13.90
25.55
24.08

426
535
135
273
462

29
32
10
21
70

Based on the morphology, Glomus was the dominant genus in both the sites followed by
Gigaspora, Acaulospora and Scutellospora (Figure 1). There was no difference in the diversity of
mycorrhizal fungi spores in both the sites.
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a)

c)

b)

d)

e)

Figure 1 – Some spores of arbuscular mycorrhizal fungi: Glomus (a, b, c), Gigaspora (d),
Scutellospora (e).
Correlation between AM spore density, root colonization and selected physico-chemical
properties of soil are presented in Table 2. Correlation analysis demonstrated that AM spore density
shows a negative correlation with soil N (P < 0.05), while it had a positive correlation with soil P (P
< 0.01). There was no correlation between the soil spore density and root colonization by AM fungi.
The soil N had significant positive correlation with soil C (P < 0.0001) and also with moisture (P <
0.05), while it had significant negative correlation with soil P (P < 0.01). Furthermore, soil C had a
significant positive correlation with moisture (P < 0.001).
Table 2 Pearson correlation coefficients (r) for AM spore density, root colonization and selected
physico-chemical properties of soil.
Soil
Moisture (%)

Spores /
50g soil

N (%)
C (%)
P (%)
pH
C (%)
0.70 ****
P (%)
-0.54 **
-0.15
pH
0.01
0.30
0.01
Soil
0.37 *
0.63 *** 0.09
0.27
Moisture (%)
Spores / 50g soil -0.38 *
0.04
0.56 ** -0.12 0.14
AM root
0.05
-0.05
-0.11
0.16
0.21
0.17
colonization (%)
Significance levels are indicated by **** P < 0.0001, *** P < 0.001, ** P < 0.01, * P < 0.05.
Discussion
This study presents the changes in root colonization, diversity and abundance of AM spores
under various plants grown in organic farms located in Southern Florida. Clear changes were
determined in the root colonization and abundance of AM spores, as well as some soil properties in
the organic farms. Our results of high density of mycorrhizal fungi in organic farms are similar to the
results reported by several researchers (Douds et al.1993, Kahiluoto & Vestberg 1998, Oehl et al.
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2004). Spore density varied between the two farms. Possum Trot, which is dominantly a tropical fruit
forest with several plant species in the shrub and herb layer had higher mycorrhizal spore density
compared to the organically managed farm at FIU. Previous researchers have demonstrated that
disturbance drastically reduces the mycorrhizal fungi spores (Medve 1984, Boddington & Dodd
2000, Bever et al. 2001). Additionally, Possum Trot, a fruit forest with tropical plants, has higher
species diversity compared to the FIU organic garden. The plants at FIU organic farm had higher
degree of mycorrhizal colonization in the roots. The extent of AM colonization varied depending on
the plant species. Many studies reported the presence of high levels of AM root colonization of plant
grown in organic farming (Douds et al. 1995, Mäder et al. 2000, Ryan et al. 2004).
AM symbiosis is widespread throughout the plant kingdom, but some plants are nonmycorrhizal. In the organic farms, there are several non-mycorrhizal plants of 31 species, such as
Spinacia oleracea, Eruca sativa and Chrysophyllum cainito. AM colonization was not observed in
roots of Spinacia oleracea. Eruca sativa and Chrysophyllum cainito are generally reported as nonhost species (Giovannetti et al. 1993), in our study, we found a low degree of mycorrhizal
colonization (5% and 10% respectively). Thus, the mycorrhizal fungi relationship of these plants
needs further exploration. However, there are several studies reporting mycorrhizal colonization in
non-host species (Veiga et al. 2013).
Past studies in mycorrhizal spore diversity and disturbance have shown mixed results (Pagano
& Scotti 2009, Purin et al. 2006). In our study, there was no difference in the diversity of mycorrhizal
fungi spores in both the sites, disturbed and not disturbed. Both sites had Glomus, Gigaspora,
Acaulospora and Scutellospora genus, but Glomus was the dominant one. This result was as expected
since Glomus has been reported as the widest spread mycorrhizal fungi in Florida (Fisher &
Jayachandran 1999, Rasmann et al. 2009, Scharnagl 2013).
As we found, similar results were reported by Priyadharsini et al. (2012) and Karthigairaj and
Kalaiarasu (2015) who found that soil N negatively influence the number of AM spores and by
Rathore and Singh (1995) who found that soil P positively influence the number of AM spores.
Correlation did not determine between the soil spore density and root colonization by AM fungi.
Similar results have been reported earlier studies (Zhao et al. 2001). While further study to analyse
the mycorrhizal dynamics in organically managed farms is needed, our results indicate that
disturbance did not have much impact on the mycorrhizal colonization in the roots but did have an
impact on the rhizosphere spore proliferation. Additionally, there was no visible difference in the
spore diversity in two sites.
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