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ABSTRACT
This paper identified the dominant protozoan species in the four layers of rhizosphere soil during
the six growth stages of Beta vulgaris L. and analyzed the correlations of the abundance and
diversity of the dominant protozoan species with soil properties at different growth stages and
soil depth. A total of 15 species of protozoa were identified; among them, Colpoda sp., Bodo sp.,
two kinds of Oxytricha sp., and Tachysoma sp. were the most dominant species of Beta vulgaris L.
rhizosphere soil. The Colpoda sp. was eurytopic species in the Beta vulgaris L. rhizosphere soil and
Tachysoma sp., Vorticella sp., Colpoda sp., Oxytricha sp.1, and Oxytricha sp. 2 were noted closely
related to the acceleration function of circulation of N and P elements in soils. These dominant
protozoan species were proposed to play a significant role of fertilization on N supply in rhizo-
sphere soil during the initial growth of Beta vulgaris L.
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1. Introduction

Beta vulgaris L. (sugar beet) is the second largest
sugar crop globally, whose demand was continu-
ously increased [1]. The growth of Beta vulgaris
L. is closely related to the rhizosphere soil
microbes with plant roots providing habitats
and nutrient sources for soil organisms and
driving the interaction between soil organisms
and the environment [2]. Rhizosphere soil is
enriched with a huge number of living organ-
isms [3], among which the number of microor-
ganisms and protozoa being the largest and their
interaction directly affects the physicochemical
properties and biochemical processes of rhizo-
sphere soil [4–6].

Numerous microorganisms in soil play essential
roles for food web security [7,8,]. Protozoa are the
higher trophic members of the soil food chain than
microorganisms. As the third largest group of soil
organism after bacteria and fungi, protozoa have
different nutritional types, such as photosynthetic
autotroph, humus, and predatory, whose

predation behavior not only controls the bacterial
community but also promotes nutrient transfor-
mation and carbon cycle, and is an important
biological regulator of soil biological and biochem-
ical activities [9]. Therefore, the study of proto-
zoan community structure and ecological function
forms the basis to elucidate soil fertility and plant
growth [10]. However, the characteristics and
changes of protozoan communities in rhizosphere
soil are rarely discussed.

The protozoan community in soil samples has
been studied by high throughput sequencing tech-
nique probing the 18 S rRNA genes [11,12,].
However, the rRNA sequencing technique cannot
differentiate the live and functional cells and the
dead cells or cysts, leading to possible overestima-
tion of the roles of the probed microbial commu-
nities [13]. The soil ciliate has been identified with
the non-flooded Petri dish method with pre-dried
then reactivated resting cysts of the ciliates [14].
This method was applied for estimating the species
richness of benthic protozoan community in a
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mangrove site [15], of testate amoebae species
from moss samples collected at high altitude
Himalayan region [16], and of ciliate species in
soil samples collected in Brazil and China [17].
Commonly only the ones that can survive after
drought storage and can revive will be counted.
Surely this is not a naïve environment as noted in
the rhizosphere environment of a growing plant.
But it can be applied as a nice indicator for the
constituent members of the community.
Therefore, the non-flooded Petri dish method
can be applied as a qualitative indicator for proto-
zoan cryptic diversity [18].

In this paper, the Beta vulgaris L. growing area in
northeast China was selected as the research objec-
tive to identify the dominant protozoan species and
soil physicochemical properties in four soil layers
during the six planting periods of Beta vulgaris L.
The vivo observation of protozoan cells in the soil
samples was performed with ammonia silver stain-
ing and protein silver staining technique. The spatial
and temporal distribution characteristics of the
dominant protozoan species in Beta vulgaris L. rhi-
zosphere and the correlations with the recorded soil
physicochemical properties were then discussed
based on the observation results. The results of this
study are the basis to estimate the possible contribu-
tions of protozoan species to nitrogen fertilization
during the growth period of Beta vulgaris L. The
effective fertilization is essential to successful planta-
tion, which is manipulated by the entire rhizosphere
microbial communities, including the involved,
abundant protozoan species.

2. Materials and methods

2.1. Field sites

The field sites were located at Hulan campus of
Heilongjiang University, northeast China, N45°
59”, E126°38”. The soil samples were collected
with the main crop being Beta vulgaris L.

2.2. Sampling and measurement

The sampling time was selected according to the
growing period and farming time of Beta vulgaris
L. (Figure 1) in 2018, including pre-sowing stage
(May), seedling stage (June), foliage rapid growth
stage (July), root and sugar increasing stage
(August), sugar accumulating stage (September),
and post-harvest stage (October) [19]. The Beta vul-
garis L. was planted at gap of 30 cm and row gap of
50 cm, with plantation density of around 67,000/
hectare. On 25 April, synthetic fertilizer containing
18% w/w nitrogen was added to the site at dosage of
210 kg/hectare, giving a dosage of 0.56 g nitrogen
(N) per Beta vulgaris L. The soil sampling times were
on 25 May, 28 June, 28 July, 29 August,
26 September and 27 October 2018. The isometric
sampling method [20] was used to collect 50 g rhizo-
sphere soil samples from planted Beta vulgaris L. at
different depths from surface (0‒5 cm, 5‒10 cm, 10‒
15 cm, 15‒20 cm). The plant sampling times were on
1 June, 9 July and 20 August, 2018. The average dry
weights for single Beta vulgaris L. were 1.26 g,
102.3 g, and 157.7 g on 1 June, 9 July and
20 August, respectively.

Figure 1. Illustration of sampling time points.
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2.3 Soil physicochemical properties

The physicochemical properties of soil samples
were determined including soil water content
(SWC), organic matters (OM), total nitrogen
(TN), available phosphorus (A-P), ammonium
nitrogen (NH4

+_N), and nitrate nitrogen (NO3
–

N), soil pH, and temperature (T). The determina-
tion methods of these properties followed the
Chinese National Standard (GB 15,618–1995)
[21]. The soil temperature was measured in situ.
All collected soil samples were chernozemic soils.

2.4. Classification and identification of soil
protozoa

The dominant protozoan species were cultured by
the non-flooded Petri dish method [22], in which
10 g of soil samples were placed in Petri dishes,
30 ml of distilled water were added, and then the
dishes were incubated in an incubator under light
and 25°C. The soil leaching solutions were col-
lected daily for sequential 15 days for protozoan
identification and counting. The protozoan species
were identified with reference to Soil Animal
Retrieval Atlas of China [23] using living observa-
tion and silver staining methods. The identified
protozoa were regarded as dominant living ones.
The protargol method was used to identify the
group of protozoa according to [24]. Silver carbo-
nate [25] and Chatton-Lwoff silver nitrate stains
[26] were also used to classify and identify certain
kinds of protozoa, respectively. After magnifying
the stained specimens of 100–1250×, then counts
and measurements are ready to be performed.

2.5. Statistics analysis

The Microsoft Excel 2003 software, SPSS20.0 sta-
tistical software, Origin 8.0 software, PRIMER 7.0
multivariate analysis software and R were used for
data processing and correlation analysis of experi-
mental data. R software packages used include
maptools, ggplot2, mapproj, pheatmap, and corr-
plot. The SIMPER subroutine of PRIMER multi-
variate statistical software was used to calculate
and rank the abundance and contribution rate of
identified protozoa species in each soil layer.
Spearman correlation analysis and biota-

environment (BIOENV) analysis were carried out
on protozoan abundance detected in Beta vulgaris
L. rhizosphere soil and physicochemical proper-
ties. The community diversity indices used
included the Shannon–Wiener index (H’), Pielou
evenness index (J) and Margalef species richness
index (d) [27].

3. Results

3.1. Dominant protozoan species of Beta
vulgaris L. rhizosphere soil

A total of 15 species of protozoa were identified in
soil samples during the present survey, composing
of two classes Ciliata and Mastigophora, belonging
to 13 species of ciliates and two species of flagel-
lates. The abundance and contribution rate of the
15 identified protozoa species in each soil layer
was listed in Table 1, with the count numbers of
major species being shown in Figure 2. In May
with fertilization, Vorticella sp. counted 13,000‒
24,000 ind/g, followed by Colpada sp. (3000‒6000
ind/g), Tachysoma sp. (800‒1000 ind/g), and
Oxytricha sp. (a few hundred ind/g). In June the
seeding stage, the dominant species became Bodo
sp. (27,000 in top soil) and Colpada sp. (a few
hundreds). In foliage rapid growth stage (July),
the order of dominant species reversed: Colpada
sp. (5600‒12,000) followed by Bodo sp. (40–350
ind/g). In the root and sugar increasing stage
(August), only some Bodo sp. was presented in
the top 15 cm soil (80–240 ind/g). In the sugar
accumulating stage (September), and the post-har-
vesting stage (October), some Colpada sp. and
Tachysoma sp. appeared in number of a few tens
to a few hundred ind/g. Overall, the protozoan
species were abundant in May–July but were
almost wiped out afterward.

The heatmap showed the abundance and occur-
rence frequency of 15 protozoa in the six sampling
months (Figure 3). Colpoda sp. had a great advan-
tage in all sampling periods while Bodo sp. was the
dominant species in the seedling stage (June), foli-
age rapid growth stage (July), and root and sugar
increasing stage (August). Oxytricha sp.1 and
Oxytricha sp.2 had obvious advantages in the
pre-sowing stage (May) and sugar accumulating
stage (September). The advantages of Tachysoma
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sp. were mainly expressed in pre-sowing stage
(May) and post-harvest stage (October).

The Bray-curtis similarities of dominant proto-
zoan species in the six sampling periods and four
soil layers are shown in Figure 4. A significant
temporal difference in soil protozoan commu-
nities occurred over the sampling periods
(Figure 4(a)). From June to September, the domi-
nant species were divided into the left side of
CAP1 axis, while the samples in May and
October were on the right side. The May to July
samples were on the upper side of CAP2 axis,
and September to October samples were on the

lower side. Vector projection on the CAP axis of
the five dominant species that contributed the
most to the abundance of protozoa community
in the sample showed that: In May, the commu-
nity was controlled by Colpoda sp., Oxytricha
sp.1, and Tachysoma sp. From June to July, it
turned to be dominated by Colpoda sp., Bodo
sp., and Oxytricha sp.1. In August, it was con-
trolled by Colpoda sp., Bodo sp., and Oxytricha
sp.1. In September, it was dominated by Bodo sp.,
Oxytricha sp.2. In October, it was turned into
Colpoda sp., Bodo sp., Oxytricha sp.2, and
Tachysoma sp.

Table 1. List of protozoa species recorded at the four layers of soil, including average abundance (ind*ml−1), occurrence, and rank by
contribution of each species to the average Bray–Curtis similarity at each of the four layers in sites soil the whole growing period of
Beta vulgaris L. May to October 2018. n: average abundance; %: contribution; rank: abundance ranking.

0–5 cm 5–10 cm 10–15 cm 15–20 cm

Species n % Rank n % Rank n % Rank n % rank

Colpoda sp.* 99.1 36.7 1 95.0 50.0 1 92.0 63.3 1 96.2 80.5 1
Oxytricha sp. 2* 18.5 20.3 2 12.3 12.5 3 12.2 4.25 4 4.06 6.18 3
Stylonychia sp. 7.44 9.77 5 0 0 - 0 0 - 0 0 -
Oxytricha sp. 1* 14.1 11.4 4 7.45 6.15 5 8.8 2.03 5 2.01 2.96 4
Bodo sp.* 96.0 16.1 3 19.0 19.8 2 18.5 20.0 2 31.0 9.63 2
Tachysoma sp.* 21.9 4.11 6 21.8 8.16 4 24.2 9.77 3 2.01 0.6 5
Pauroleptus sp. 1.68 1.47 7 0.98 0.74 7 0.17 0 - 0 0 -
Spathidium sp. 2.32 0.26 8 0.47 0.23 9 0.54 0.14 8 0 0 -
Vorticella sp. 68.7 0 - 81.7 0 - 60.1 0.3 6 0 0 -
Dileptus sp. 0.24 0 - 0.86 0.71 8 0.52 0.22 7 1.12 0.19 6
Strongylidium sp. 0.53 0 - 0 0 - 0 0 - 0.77 0 -
Litonotus sp. 0 0 - 1.37 1.82 6 0.17 0 - 0 0 -
Zoothamnium sp. 0 0 - 1.08 0 - 0 0 - 0 0 -
Birojimia sp. 0.53 0 - 0 0 - 0 0 - 0 0 -
Astasia sp. 0.58 0 - 0.33 0 - 0 0 - 0 0 -

*Top four important contributors at each layer.

Month, depth
May,1May,2May,3Jun,1 Jun,2 Jun,3 Jun,4 Jul,1 Jul,2 Jul,3 Jul,4 Aug,1Aug,2Aug,3Aug,4Sep,1Sep,2Sep,3Sep,4Oct,1 Oct,2 Oct,3 Oct,4
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Figure 2. Count number of principal living protozoan species noted in the studied soil samples. Depth 1: 0–5 cm; 2: 5–10 cm; 3: 10–
15 cm; 4: 15–20 cm.
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The spatial distributions of dominant protozoan
species in the four soil layers were also different
over time (Figure 4(b)). Among them, commu-
nities in 0‒5 cm and 5‒10 cm soil layer were
mainly distributed on the right side of CAP1
axis, while communities in 10‒15 cm and 15‒

20 cm soil layer were concentrated on the left
side. Vector projections of five dominant species
on the CAP axis indicate that: most soil protozoan
communities were controlled by Colpoda sp., Bodo
sp., Oxytricha sp.2., and Tachysoma sp. The same
rule was also found in the analysis of frequency

Figure 3. The abundance and occurrence frequency of protozoa in the rhizosphere of B. vulgarisL. and in four layers of soil within 6-
months sampling period. 1: 0–5 cm soil, 2: 5–10 cm soil, 3: 10–15 cm soil, 4: 15–20 cm soil.

Figure 4. Canonical analysis of principal coordinates on Bray–Curtis similarities from log-transformed species-abundance data in B.
vulgaris L. rhizosphere soil from May 2018 to October 2018, and correlations of 5dominant species with the two CAP axes. (a) Time
difference analysis, (b) Space difference analysis.
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heatmap (Figure 3) of protozoa distribution in
different soil layers at different periods.

The three diversity indices for the dominant pro-
tozoan species of B. vulgaris L. rhizosphere soil at
different depths and different sampling periods show
that the highest diversity indices were noted in the
September and October samples, then followed by
August samples. Higher diversity of soil dominant
protozoan species generally occurred at 0‒10 cm of
topsoil, except for an expected high diversity noted
on August 15‒20 cm soil sample that is regarded as
an outliner (Figure 5).

3.2. Soil physicochemical properties

The eight physicochemical properties of four soil
layers (0‒20 cm) in the Beta vulgaris L. rhizosphere
fromMay to October 2018, were recorded (Figure 6).
Except for the relatively stable soil pH ranging 5.8‒6.8,
the remaining seven physicochemical properties
experienced significant changes with the growth of
Beta vulgaris L.

Soil temperature is obviously affected by sea-
sons. The average temperature of soil layers in
May was 11.8°C, and that in June was 16.4°C.
The average temperature of soil rose to 18.1°C in
July, and the highest average temperature was
21.0°C in August. The soil temperature gradually
decreases with the increase of soil depth, roughly
by 0.7‒2.1°C for every 5 cm of soil depth.

The change of soil water content was mainly
manifested in the sudden increase from 3% to

8% on average to 30‒44% in July, and the water
content of deep soil was higher than that of surface
soil. The overall trend of the content of soil
organic matter (OM) was a gradual increase from
May to October, with the highest content reaching
601.7 g/kg after a sharp decrease in July. The
content of OM in 0‒10 cm soil fluctuated greatly
under the influence of irrigation and rainfall.

The contents of TN were declined monotonically
from May to August, and the second fertilization of
farmland in September increased the TN content,
with the TN contents of 0‒5 cm topsoil being higher
than those of other soil layers. The overall trend of
NO3

–N in soil layers correlated with that of TN. The
highest content of NO3

–N at 3.0‒4.6 mg/kg occurred
in May, owing to fertilization in April before sowing.
The content of NO3

–N continued to decrease from
June to October. In September, the second fertiliza-
tion was carried out in the sampling site, which
suddenly increased the NO3

–N contents in topsoil
to 3.81 mg/kg. This content was then decreased
rapidly to 0.71‒1.26 mg/kg within 1 month. The
content of NH4

+-N mildly fluctuated among differ-
ent sampling times and soil layers. The contents of
NH4

+-N peaked at 309.2 mg/kg in August, mini-
mized at 155.2 mg/kg in October, and fluctuated
between 173 and 246 mg/kg in other months. The
contents of NH4

+-N in the 0‒10 cm soil layer were
slightly higher than that in the 10‒20 cm soil layer.

The general change trend of soil A-P content
was that it decreased slowly with time, and the
difference in each soil layer was not insignificant.
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Figure 5. Protozoan diversity indexes of soils and the four layers of soil. Shannon–Wiener index (H’), Pielou evenness index (j),
Margalef species richness index (d). 1: 0–5 cm soil, 2: 5–10 cm soil, 3: 10–15 cm soil, 4: 15–20 cm soil.
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˚C

Figure 6. Physiochemical properties of soil samples. (a) left: T, right: pH (b) left: SWC, right: OM (c) left: NH4
+-N, right: NO3

–N (d) left:
TN, right: A-P.
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4. Discussion

4.1. Correlation between soil properties and
protozoan community structure in Beta vulgaris
L. rhizosphere soil

The three diversity indices correlated differently with
the eight soil physicochemical properties (Figure 7).
The top four physicochemical properties noted are
T, pH, SWC, and NH4

+-N in the order of the degree
of impact on protozoan diversity. T, SWC, and TN
were positively correlated with Shannon–Wiener
index (H ‘) and Pielou evenness index (J), while
pH, NH4

+-N, NO3
–N, OM, and A-P were negatively

correlated. Margalef species richness index (d) had
an opposite trend.

Spearman correlation analysis (Table 2 and
Figure 8) shows that the physicochemical proper-
ties of soil samples that greatly influenced the

abundance of the five dominant population were
pH and A-P, followed by T and NO3

–N, with
NH4

+-N and TN having the minimum influence.
The Colpoda sp. was significantly positively corre-
lated with SWC, NO3

–N, and OM, and Tachysoma
sp was positively correlated with pH and nega-
tively correlated with soil temperature. Oxytricha
sp.1 and Oxytricha sp.2 were significantly posi-
tively correlated with pH. The soil A-P negatively
regulated Oxytricha sp.1, but positively regulated
Oxytricha sp.2. Bodo sp. was mainly negatively
regulated by pH, NO3

–N and A-P.
Among the physicochemical properties that affect

the abundance of non-dominant protozoa, the soil A-
P and pH were still the most influential properties,
followed by NO3

–N, OM, and SWC. The
Zoothamnium sp. and Vorticella sp. were the proto-
zoan species being affected by many physicochemical

Figure 7. Pearson correlation analysis between soil physicochemical properties and protozoan diversity indexes (relative abundance
and their ratios). Shannon–Wiener index (H’), Pielou evenness index (j), Margalef species richness index (d).***Significant correlation
at p < 0.001 level, **Significant correlation at p < 0.01 level, *Significant correlation at p < 0.05 level.
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properties. However, Astasia sp., Litonotus sp. and
Birojimia sp. showed an insignificant correlation
with the eight recorded physicochemical properties.
BIOENV analysis (Table 3) also indicates that

multiple physicochemical properties can affect proto-
zoan abundance through jointed interactions.
Ranking by the R value, pH and A-P combination
had the highest correlation with protozoan

Figure 8. Pearson correlation analysis between soil physicochemical properties and protozoan (relative abundance and their ratio).
**Significant correlation at p < 0.01 level; *significant correlation at p < 0.05 level.

Table 2. Spearman correlation analysis between soil physicochemical properties and protozoa.
Species T pH SWC TN NH4

+-N NO3
–N OM A-P

Colpoda sp. −0.244 −0.301 0.807** 0.104 0.047 0.559** 0.290** 0.128
Tachysoma sp. −0.583** 0.522* 0.047 0.135 −0.248 0.309 −0.224 1.000
Oxytricha sp.1 0.463* 0.164** −0.400 0.263 0.113 −0.200 0.188 −0.315**
Oxytricha sp.2 −0.327 0.712** −0.306 0.385 −0.304 0.101 0.072 0.693**
Vorticella sp. −0.547** 0.626** 0.118 0.384 0.088 0.414* −0.295 0.689**
Spathidium sp. 0.374 −0.449* 0.381 −0.045 0.003 0.202 −0.102 −0.418*
Dileptus sp. 0.391 −0.704** 0.297 −0.119 0.186 0.074 −0.204 −0.643**
Stylonychia sp. 0.463* 0.164 −0.400 0.263 0.113 0.292* 0.188 −0.091
Pauroleptus sp. 0.037 0.267 −0.541** 0.165 −0.355 0.272 0.319 0.272
Strongylidium sp. −0.085 0.131 −0.125 0.002 −0.380 −0.164 0.489* 0.213
Litonotus sp. 0.370 −0.091 −0.388 −0.114 0.053 −0.360 0.228 −0.050
Zoothamnium sp. 0.161 −0.064** −0.289** 0.225** −0.257 −0.320** 0.193** 0.168**
Birojimia sp. −0.193 0.225 −0.321 −0.032 −0.322 −0.096 0.321 0.235
Astasia sp. 0.348 0.022 −0.113 0.079 0.010 −0.105 0.374 −0.315
Bodo sp. 0.391 −0.704** 0.297 −0.119 0.186 −0.500* −0.204 −0.497*

*Correlation is significant at the 0.05 level (2-tailed).
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abundance, followed by T, pH, NO3
–N, A-P, and TN

combination.

4.2. Contributions of rhizosphere soil dominant
protozoan species on growth of Beta vulgaris L

The dominant protozoan species in rhizosphere soil
revealed signification variations over the growth of
Beta vulgaris L. In pre-sowing stage both Vorticella
sp. and Colpada sp. were the most dominant species
and in the next seeding stage and the foliage rapid
growth stage, the most dominant species became
only Bodo sp. and Colpada sp., respectively.
Afterward, few protozoan cells were noted in the
rhizosphere soil. The protozoa are bacteria grazers
that contribute to regulating the number and species
of bacteria communities and manipulate the carbon
and nitrogen fluxes in the rhizosphere soil. The
possible contributions of the carbon and nitrogen
fluxes over the growth stages of Beta vulgaris L. can
be estimated as the first approximation.

Taking the following parameters for the calcula-
tions: soil density 1.3 g/cm3 [28], bacteria biovolume
0.65 μm3 [29], each cm3 of bacterial biovolume has
0.22 g C [30], bacterial grazing rates by ciliates and
flagellates are 523/hr and 17.4/hr, respectively [31];
rhizosphere for Beta vulgaris L. covers 25*25 cm2

projection area; then together with the numbers of
protozoan cells obtained in Figure 2, the carbon flows
per planted Beta vulgaris L. with 25*25*15 cm3 pro-
jection area via bacteria grazing by the identified pro-
tozoa were estimated as 1.53 g, 1.33 g, 5.19 g, 0.01 g,
0.05 g, and 0.09 g for May to October, respectively.
Restated, the first approximation of carbon flows

through protozoa in the rhizosphere soil ranged
1.33–5.19 g per month from pre-sowing stage to
foliage rapid growth stage, but were decreased to
negligible levels afterward.

If further taking the C/N ratios for typical
bacteria and protozoa to be 5.2:1 and 6.8:1,
respectively [32], and assuming 100% carbon cat-
abolism, the fixation of 1 g of C to protozoa cells
will release 0.045 g N to the soil. Therefore, an
approximation of N release by protozoa activities
ranged 0.06–0.23 g per planted Beta vulgaris L.
during the pre-sowing to rapid growth periods.
This quantity ranged 10.7–41.1% of the fertilized
N quantity (0.56 g); restated, the protozoan activ-
ity can account a significant role of fertilization
on N supply.

5. Conclusions

The current study for the first time revealed the
spatio-temporal distributions of dominant pro-
tozoan species in the rhizosphere soil of planted
Beta vulgaris L. Fifteen species of protozoa were
identified in soil samples with the Vorticella sp.,
Colpada sp., Tachysoma sp., and Bodo sp. being
the dominant species. The dominant protozoan
species were abundant up to fast-growing stage,
but were almost wiped out in the sugar increas-
ing accumulating stages of the growth of Beta
vulgaris L. The diversity indices of dominant
protozoan species correlated with the eight soil
physicochemical properties recorded, with the
pH and A-P most influencing the diversities of
dominant and non-dominant species. Based on
the reported data, the possible role of dominant
protozoan species in the carbon and nitrogen
flows in the rhizosphere soil during the growth
of the growth of Beta vulgaris L. was discussed.

Highlight

● Dominant protozoan species in rhizosphere
soil of Beta vulgaris L. were identified.

● Correlation between soil properties and pro-
tozoan species was noted.

● Role of dominant protozoan species on plant
fertilization was discussed.

Table 3. Summary of results from biota-environment (BIOENV)
analysis showing the eight best matches of environmental
variables with temporal variations in protozoa abundances at
four layers in B. vulgarisL. rhizosphere soil from May 2018 to
October 2018.

Rank
Spearman correlation

coefficient, R
Environmental

variables p

1 0.469 pH, A-P 0.001
2 0.451 T, pH, NO3

–N, A-P, TN 0.001
3 0.447 T, NO3

–N, A-P, TN 0.001
4 0.444 A-P 0.001
5 0.427 T, pH, NO3

–N, TN 0.001
6 0.424 T, NO3

–N, TN 0.001
7 0.418 pH, NO3

–N, A-P, TN 0.001
8 0.414 NO3

–N, A-P, TN 0.001
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