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Effects of a Biological Amendment on Chemical and
Biological Properties and Microbial Diversity
in Soils Receiving Different Organic Amendments
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Biological amendments consisting of suspensions of selected microorganisms are often used in conjunction
with various organic materials for amending soils to improve soil quality and plant growth. The effects of
the biological amendment on chemical and biological properties of soil were investigated for a biological
amendmentalone and when combined with different organic materials includingmunicipal compost (MC),
poultry litter (PL), and cover crops (red clover (RC) and spring oats). A liquid preparation of a biological
amendment called Effective Microorganisms was sprayed on the tested plots three times over a two-year
period. Effective Microorganisms alone did not influence pH, K, or organic matter content in soil. However,
increases in P in PL-treated soils in fall of both years andCa in MC-treated soil in fall 2001, and decreases
in Ca, Mg, and cation exchange capacity (CEC) in RC-planted soil were associated with EM. Increased
dehydrogenase(DH) activitiesassociated with Effective Microorganismswere only detected in July
(P=0.0222) and October (P=0.0834) for RC-planted soils in the first year. Fluorescein diacetate (FDA)
hydrolysisappeared to be enhanced by Effective Microorganisms in soils untreated or treated with MC and
oatsbut only sporadically during the sampling period. FDA hydrolysis in both PL- and RC-treated soils as
well as DH activity in PL-treated soils decreased with Effective Microorganisms treatment. Effective
Microorganisms did not influence substrate utilization patterns expressed by the BIOLOG assay. We
conclude that Effective Microorganisms effects on soil chemical and biological properties varied depending
on the added organic materials. Effective Microorganisms periodically increased soil DH activity and FDA
hydrolysis with RC and with MC plus oats, respectively.
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Introduction

Microbial amendments have received considerable
interest in sustainable agriculture for enhancing crop
productivity, improving soil quality, and reducing inputs
of chemical fertilizers and pesticides (Hussain et al.,
1999). Microbial amendments are also known as
biofertilizers, biodynamic fertilizers or microbial
inoculants, which are comprised of living
microorganisms that can function as chemical fertilizer
adjuvants, biocontrol agents, and plant growth factors (Li
and Zhang, 2000). One popular microbial amendment is
Effective Microorganisms, developed by Teruo Higa, a

professor at the University of the Ryukyus, Okinawa
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(Yamada and Xu, 2000). Effective Microorganisms has
been usedas an inoculant to change soil microbial
diversity and the microbial interaction between soils and
plants, thus Effective Microorganisms has been widely
reported to improve soil quality and productivity of crops
over a wide range of agroecological conditions. Effective
Microorganisms are comprised of a large number of
microbial species, predominantly lactic acid bacteria
(Lactobacillus plantarum, Streptococcus lactis, and
Streptococcus faecalis), numerous typesof photosynthetic
bacteria (Rhodoseudomonas spaeroides), actinomycetes
(Streptomyces albus), and yeasts (Saccharomyces
cerevisiae and Candida utilis)

Because most microorganisms in Effective
Microorganisms are heterotrophic, they require organic

sources of carbon and nitrogen. Thus, Effective



Effects of a biological amendment 235

Microorganisms has been most effective when applied in
combination with organic amendments (Yamada and Xu,
2000). Effective Microorganisms increased biological
soil activities and improved physical and chemical soil
properties through rapid humification of fresh organic
matter when Effective Microorganisms was mixed with
animal manure or green manure (Valarini et al., 2003).
The effects of other biodynamic preparations on soil
microbial activity and composition have been
questionable because effects of such preparations were
negligible compared to composts, which significantly
affected all soil microbial properties including microbial
biomass, respiration, DH activity, soil C mineralization,
and soil microbial community FAME profiles
(Carpenter-Boggs et al., 2000).

If biological amendments affect nutrient cycling, the
effect may be due to stimulation of soil microorganisms
that mediate many nutrient transformations. Numerous
reports have described the effects of Effective
Microorganisms on plant growth, and crop yield and
quality (Xu et al., 2000), however, there isvery little
evidence for the effects of actualEffective
Microorganisms on soil properties. This research
examined the effects of Effective Microorganisms
applied as liquid suspensions following amendment of
soil with several organic materials including cover crops.
The objectives of this study were to determine if
Effective Microorganisms affected soil chemical and
microbiological properties as influenced by organic
amendment and time during the growing season. We
hypothesized that Effective Microorganisms mightalter
soil fertility and biological characteristics, and that the
effects might differ depending on organic sources and
sampling time.

Materials and methods

Study site, experimental design, and sampling
procedures This study was conducted at the University
of Missouri Bradford Research Center (38° 53' N, 92°
12" W)in North Central Missouri during 2001 and 2002.
The soil at the research site was a Mexico silt loam (fine,
smectitic, mesic Aeric Vertic Epiaqualfs). A strip-plot
(split-block) design was used with three replicate blocks,
and individual plots were approximately 36 m’ (4 X 9 m)
for this research. Each block consisted of five plots
randomly arranged to receive different organic materials,
and each block was split so that half of the plots was

treated with Effective Microorganisms (EM) and the
other half did not receive EM (Park, 2004). The organic
amendments included poultry litter (PL); municipal
compost (MC; red clover (Trifolium pratense) (RC) and
oats (Avena sativa) cover crops. MC and PL. with average
moisture contents of 82.6% and 40.5% and C:N ratio of
30.4 and 10.3, respectively, were manually applied at 15
and 20 tons ha™', respectively, in early May and
incorporated into soil by mid-June each year before
soybean planting. A control plot without any organic
amendment was also plowed as in MC and PL plots.
Soybeans were sowed at a row width of 76 cm and plant
density of 44,800 plants ha™ after application of MC and
PL in early summer. In oats- and RC-treated plots, oats
and RC were planted as cover crops with seeding rates of
134 and 13.4 kg ha”, respectively, in early spring each
year, maintained until the end of the experiment without
additional fertilizers and sowing of soybeans, and mowed
in late spring to allow the above growth to remain on the
soil surface. EM was obtained from Sustainable
Community Development, LLC (Kansas City, MO) as a
microbial suspension in a molasses carrier. The EM
suspensionwas diluted 10 X in water and was applied to
the soil surface using a backpack sprayer on May 9" and
December 4", 2001 and May 4", 2002 at a rate of 200 L
ha. Soil was sampled from the upper 10 cm of the
profile following procedures and collected at sampling
dates (Fig. 1) reported previously (Park, 2004).

Analysis of soil chemical and biological properties
Soil chemical properties (soil organic matter (SOM), pH,
CEC, P, K, Ca, and Mg) and soil biological
characteristics of DH activity, FDA hydrolysis, and
community-level physiological profiling (CLPP) using
BIOLOG were analyzed by the methods described in the
research performed by Park (2004).

Statistical analysis Data were analyzed using a2 x 5
strip-plot design based on two EM treatments (whole
plot), and five organic amendments (sub plot). The
datafor soil chemical properties and soil enzymes were
analyzed with the linear mixed model of repeated
measures of three (chemical properties) or nine
(biological properties) sampling dates and slice option
with SAS statistical software package (SAS Institute,
1999).Principal component analysis (PCA) was
performed on BIOLOG data to characterize microbial
communities for different sampling dates and organic



236 Kee-Choon Park et al.

amendments. Multivariate approaches developed by
Lauter (1996) and Glimm et al. (1997) and multivariate
analysis of variance (MANOVA) tests were applied for
principal components after principal component analysis
to test significant differences between EM treatments
within organic sources for each sampling date.

Results and Discussion

SOM, pH, CEC, P, K, Ca, and Mg were measured in
fall 2001, and spring and fall 2002. EM, organic
amendments, and sampling dates significantly affected
soil chemical properties, with a few cases of significant
interactions between EM, organic amendments, and
sampling dates. Soil chemical properties were not
affected by EM compared with organic amendments and
sampling dates although a significant effect on P was
detected (Table 1). Analysis of variance (ANOVA)
showed significant effects only with P content due to EM
application (Table 1) but pairwise comparison showed a
few cases of significant effects on CEC, Ca, and Mg with
EM treatment. When compared to the same organic
amendment applied alone, EM combined with PL. was
associated with increased P in October 2001 and 2002;
EM combined with MC was associated with increased
Ca in October 2001; and EM combined with RC was
associated with decreased Ca, Mg, and CEC in October
2002 (Table 2). High P and Ca contents of treated soils
were likely a reflection of the inherent high initial
concentrations of these nutrients in the PL and MC
amendments (Park, 2004). The decreased Ca and Mg
levels and lower CEC associated with EM + RC
treatments might affect microbial decomposition of red
clover residues, however, further study addressing the

specific relationshipsbetween these soil properties and
decomposition is required.

The decreased CEC in RC plots is somewhat similar to
the report of Valarini et al. (2003) in which EM combined
with PL slightly affected CEC but the effect did not
persist. These effects of EM on nutrient levels in RC
plots agreed with reports that biological amendments
could stimulate both decomposition and mineralization of
soil organic materials, perhaps by selectively inhibiting or
stimulating specificcomponents of the native microbial
community, leading to enhanced soil nutrient availability
(Chen et al., 2002). EM may also influence the soil C/N
ratio when used with green manure residues like RC but
not when used with animal manure, which had a lower
C/N ratio than crop residues (Valarini et al., 2003). Our
results showing no affect of EM on soil pH agree with the
results of previous laboratory studies with EM (Valarini
et al., 2003). SOM was not affected by EM, which
suggests that EM did not influence in situ decomposition
of SOM or that the microbial density in liquid EM was
too low to supplement microbial activity in soil. EM did
not affect soil DH or FDA hydrolytic activity while
organic amendments significantly influenced FDA
hydrolysis (Table 3). Similarly, Chen et al. (2003)
reported in a laboratory study that two commercial
biostimulants did not affect soil DH activity and
substrate-induced respirationregardless of the kind of
organic materials, when they were applied with alfalfa
leaves and wheat straw.The interaction between EM and
organic amendments was not significant, which suggests
that EM did not contribute to effects of organic
amendments on microbial activity (Table 3). EM
significantly influenced DH activity and FDA hydrolysis
of organic amendments in only a few cases, based on

Table 1. Analysis of variance for chemical parameters in soils applied with a biological amendment after being treated with five

different organic amendments in 2001 and 2002.

Source of SOM (%)* pH CEC (emokkg")! P (mgkg") K (mgkg?) Ca(mgkg")  Mg(mgkg")
variation dd F Pr>F F Pr>F F Pr>F F Pr>F F Pr>F F Pr>F F Pr>F
EM 1 02 ns 0.7 ns 29 ns 5.8 * 0.1 ns 0.5 ns 1.9 ns
OA' 4 69  FF 11.0 ok 10.6 wHE 33.0 HHE 579 ok 224 ok 7.8 Hok
Month? 2 144 ¥ 324 ok 71.0 wHE 3.7 * 0.3 ns 51.6 ok 379 Hok
EM X OA 4 03 ns 0.3 ns 1.5 ns 1.8 ns 09 ns 1.1 ns 0.7 ns
EM X Month 2 05 ns 2.6 0.6 ns 1.1 ns 0.1 ns 14 ns 0.5 ns
OA X Month 8 24 * 2.3 * 02 ns 43 *E 7.1 ok 0.7 ns 3.0 *E
EM X OA X Month 8 0.5 ns 0.6 ns 1.2 ns 1.3 ns 0.3 ns 1.3 ns 2.3 *

" 0A: organic amendments including municipal compost, poultry litter, oats, red clover, and non-amended control;

* Month: October 2001, and April and October 2002;
$ SOM: soil organic matter content;
' CEC; cation exchange capacity ***: P <0.001; **: P < 0.01; *: P < 0.05 ns: no significant
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Table 2. Pairwise comparisons of a biological amendment effects on soil chemical parameters within each five organic amendments

for two years.

Samplingdate 0A*  EM pH SOM (%)* P(mgkg")  Ca(mgkg') Mg(mgkg") K(mgkg") CEC(mokkg")
MC EM 6.90 (0.10) 3.30(0.26) 232 (1.6)  1693.7(227.9)* 97.5 (4.6) 874 (9.2) -
NO-EM  6.80(0.26) 3.23(0.61) 228 (32) 14358 (312.8)°  99.0(22.6) 855 (24) -
Outs EM 6.80(0.10) 2.93(0.12) 275 (92)  1186.0(111.3)  100.0 (8.0) 93.1(21.2) -
NO-EM  6.80(0.17) 2.83(0.23) 221 (3.0) 12454 (89.6) 111.6(16.3) 88.8 (3.3) -
Oct. 2001 RC EM 6.70 (0.10) 3.10(0.52) 197 41) 11644 (136.3) 98.3 (1.5) 66.0 (12.9) -
NO-EM  6.63(0.15) 3.20(0.44) 167 (52) 11628 (883)  107.1(20.7) 77.6 (15.8) -
p  EM 6.47(0.23) 260072 819(20.D0° 10727 (84) 1297(121)  1429(17.9) -
NO-EM  6.60(0.20) 30000200 46.1(172)" 11339(122.8)  1184(144) 1373 (72) -
Cont EM 6.70(0.10) 277 (0.31) 289(23.1) 11678 (86.9) 95.3 (14.7) 70.4 (13.0) -
NO-EM  6.67(0.21) 2,67 (0.65) 191 45) 12019 435)  107.9(156) 72,6 (11.4) -
ve EM 7.07 (0.06) 3.70 (0.50) 198 (39)  14589(1534) 768 (57) 85.8 (14.6) 222.1)
NO-EM  7.07 (0.06) 3.53(0.23) 220 (30) 14037 (1648)  825(12.0) 817 (1.7) 216 2.1)
o M 6.93 (0.12) 3.27(0.50) 283(144) 11595 (524)  942(162) 98.3(23.7) 18.6 (1.2)
NO-EM  7.05(0.21) 2.95(0.07) 190 (03)  11739(121.0) 945 (83) 83.1 (0.5) 18.8 (1.5)
Apil2002 RC EM 6.77(0.12) 3.00 (0.35) 117 (52) 10934 (67.5 888 (64) 66.2 (18.6) 17.4(1.2)
NO-EM  6.85(0.21) 3.05(0.07) 175 45 10774 (238)  884(147) 79.6 (15.2) 17.5(0.3)
p. EM 6.80 (0.10) 3.20(0.10) 62521.8) 10929 (61.8) 1236 (5.6) 1277 (7.9) 18.7 (1.1)
NO-EM  6.77(0.15) 3.37(0.06) 554(152)  11109(1269)  1242(154)  127.7(37.6) 19.0 (2.0)
con M 6.93 (0.15) 3.10(0.26) 34.1(290)  11518(112.1) 905 (12.6) 77.6 (15.6) 18.3(1.7)
NO-EM  6.93(0.15) 2.97 (0.23) 203 (4.6) 12074 (1024)  104.1(13.7) 767 (8.0) 19.4 (1.6)
MC EM 7.17 (0.06) 4.13 (0.29) 204 (15) 11764 (120.8) 67.1 (8.2) 68.6 (7.2) 18.0 (1.8)
NO-EM  7.17(0.06) 4.13(0.55) 213 (40) 12365 (99.7)  803(122) 66.9 (3.3) 19.1 (1.1)
Oas EM 6.87 (0.06) 3.17 (0.45) 257(164) 9899 (839)  91.4(12.3) 79.4 (14.6) 16.1 (1.4)
NO-EM  7.03(0.12) 3.20 (0.20) 202 (13) 990 (622)  924(15.1) 73.8 (14.1) 16.1 (1.3)
Oct. 2002 RC EM 6.83(0.21) 3.33(0.29) 133 (3.9) 799.3 (55.2) 74.0 (5.3)" 58.4(12.9) 13.2(0.7)"
NO-EM  6.93(0.06) 3.07 (0.06) 157 2.1) 10369 (96.5) 100.5 (107 77.9(13.8) 17.0 (1.4)°
PL EM 6.60 (0.26) 3.67 (0.21) 1023 (8.6)'  885.5(22.0) 125.4 (15.0) 173.9 (21.0) 16.6 (0.7)
NO-EM  6.70(0.10) 3.53(0.15) 74.1(158)° 8943 (413) 1162(10.9) 1687 (33.9) 163 (0.8)
cot  EM 6.77(0.15) 2.97(0.25) 335(29.5) 9547 (78.9) 912(15.2) 75.1(19.9) 16.1 (1.7)
NO-EM  6.93(0.21) 2.97(0.12) 185 (57)  9749(772) 91.9(13.0) 65.8 (6.7) 16.0 (1.1)

f (): Standard deviation; toA: organic amendments of municipal compost (MC), oats, red clover (RC), poultry litter (PL), non-amended control (Cont);

$ SOM: soil organic matter content; ' CEC; cation exchange capacity * and - Significant differences between EM and NO-EM within same organic

amendments with p < 0.05.

pairwise comparisons (Fig. 1, 2).

The EM effects on DH activity and FDA hydrolysis
were variable among organic amendments and sampling

dates. EM increased DH activity only in RC plots in July

(P=0.0222) and October 2001 (P=0.0834) (Fig. 1).
Effects due to biological amendments might be caused by

Table 3. Analysis of variance for dehydrogenase (DH) activity and fluorescein diacetate (FDA) hydrolysisin soils applied with a
biological amendment after being treated with different organic amendments in 2001 and 2002.

o DH activity FDA hydrolysis
Source of variation df
F Pr>F F Pr>F

EM 1 22 ns 12 ns
OA' 4 13 ns 74 i
Sampling date* 8 21.0 ok 168.7 ok
EM X OA 4 0.7 ns 14 ns
EM X Sampling date 8 1.2 ns 1.0 ns
OA X Sampling date 32 2.6 sk 1.5 ns
EM X OA X Sampling date 32 0.8 ns 1.2 ns

" OA: organic amendments, municipal compost, poultry litter, oats, red clover, and non-amended control; t sampling date: July, August, September,
October in 2001, and April, July, August, September, October in 2002 ***: P <0.001; **: P < 0.01; *: P <0.05; ns: no significant
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selectively inhibiting or stimulating particular
components of the microbial community (Chen et al.,
2002, 2003). EM affected DH activity at two sampling
dates only in RC plotsand had no effect in other plots at
any other sampling date (Fig. 1). EM effects may depend
on organic source because DH activity was generally
lower in PL plots. Furthermore, PL. may not favor
proliferation ofmicroorganisms in EM. The increase of
DH activity in RC plots in 2001 due to EM treatment also
suggests that organic substances originating from the RC
roots may be more readily metabolized by
microorganisms in EM. Similarly, previous studies have
illustrated the variable effects of biological amendments.

Biostimulantsdid not significantly influence soil

Kee-Choon Park et al.

biological parameters including DH activity and
microbial biomass when biodynamic field sprays were
combined with biodynamically prepared compost and
non-biodynamic compost (Carpenter-Boggs et al., 2000)
but increased DH activitywhen combined with dairy
manure and woodshaving bedding (Carpenter-Boggs,
1999).

FDA hydrolysis (Fig. 2) increased when EM was
combined with MC in August 2001 (P=0.0375) and
April 2002 (P=0.0256);0ats in September 2002
(P=0.0755) or when applied alone (control) in April 2002
(P=0.0245). FDA hydrolysis decreased with EM plus RC
in July 2002 (P=0.0003). The FDA hydrolysis in PL soils
was not influenced by EM application (Fig. 2). Similar to
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Fig. 1. Dehydrogenase activity in soils treated with a biological fertilizer (EM) combined with or without various organic
amendments in 2001 through 2002. a and b, and A and B show significant differences among EM treatments within organic
amendment and sampling date with P values of <0.05 and <0.10, respectively. Vertical bars indicate the standard deviation.
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DH activity, overall FDA hydrolysis was inconsistent
across all organic amendments. The greater number of
increases in activity associated with EM treatment
indicates that EM was slightly more effective in
stimulating organic matter decomposition, which is a
reflection of FDA hydrolysis (Schniirer et al., 1985 Speir,
1977). Also, EM may suppress plant root diseases when
applied with suitable organic matter sources during a
critical plant growth stage, and increasing FDA
hydrolysis which is related to antagonism of soilborne
plant pathogenic fungi (Ghini et al., 1998; Inbar et al.,
1991).

MANOVA t tests for principal components of PCA
with BIOLOG data did not separate EM treatments from
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non-EM treatment within each organic source. The
ANOVA t test for each principal component separated
EM treatments from non-EM treatments for PC3 and
PC4 in soils treated with PL, RC, MC, and the control in
September or October in 2001 and 2002 (Table 4). We
previously demonstrated that organic amendmentand
sampling date significantly impacted soil microbial
functional diversity (Park, 2004). These negligible effects
on microbial substrate utilization patterns suggest that
EM did not change soil microbial functional diversity in
thefield or could not stimulate indigenous soil
microorganisms in the field after three applications nor
persisted long enough to be detected as changes in the

CLPP, under conditions of the present study.
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Table 4. Principal components which significantly differentiated a biological amendment treatment within the same organic
amendments when BIOLOG data were analyzed with principal component analysis followed by ANOVA t test performed with the

principal components.
Sampling dates' Organic amendments " Principal components§
Oct. 2001 Poultry litter PC4
Oct. 2001 Control PC3
Sept. 2002 Red clover PC4
Oct. 2002 Compost PC3
Oct. 2002 Poultry litter PC3

" total sampling dates: July, August, September, October in 2001, and April, July, August, September, October in 2002; t Organic amendments: municipal

compost, poultry litter, oats, red clover, and non-amended control; § Principal components which can make significant differences between EM treatments

within same organic matter sources after principal component analysis with BIOLOG data.

Conclusion

EM influenced soil chemical and biological properties,
however, effects were limited, especially when compared
to influences of organic sources alone across all sampling
dates. EM shows potential for increasing DH activity
when combined with RC, decreasing FDA hydrolysis
when combined with RC, increasingFDA hydrolysis
when combined with oats and MC, and decreasing both
DH activity and FDA hydrolysis when combined with
PL. EM was not effective in changing microbial substrate
utilization patterns in this field study. Changes caused by
EM in this study should not be compared with results of
other experiments involvingdifferent soils, weather, or
bio-fertilizer preparations because microbial survival and
effects of EM likely vary with environmental factors. In
future research with EM, other microbial parameters
should be measured, and possible shorter sampling
intervals,alternative application methods, and long-term
or repeated applications of EM that comprise more robust
preparations should be examined because of the apparent
difficulty of the microorganisms in EM to sustain their
activities in soil.
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