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Endophytes are increasingly investigated as biocontrol agents for agricultural production. The identification
of new endophytes with high effectiveness against plant disease is very important. A total of 362 strains of
endophytes, including fungi, bacteria, and actinomycete, were isolated from alfalfa (Medicago sativa L.)
collected in Hebei, Inner Mongolia and Ningxia provinces of China. The three strains of endophytic bacteria

Keywords: (NA NX51R-5, NA NX90R-8, and NA NM1S-1) with strong biocontrol capability with >50% effectiveness
Endophytes were screened against the common alfalfa root rot pathogen Fusarium oxysporum F. sp. medicaginis in
alfalfa alfalfa seedling germination experiments on MS medium and pot experiments. Using phylogenetic analysis,
antagonism the isolates of NA NM1S-1 and NA NX51R-5 were identified as Bacillus spp. by 16S rDNA, while NA
in vitro NX90R-8 was found to be Pseudomonas sp.

in vivo

biocontrol function
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Introduction

Microorganisms (usually fungi, bacteria, or actinomycetes) began
occurring in plant organs (including roots, stems, leaves, flowers, fruits,
and seeds) hundreds of millions of years ago [1, 2]. They can be
transmitted to offspring as an integral part of the plant organism and are
defined as endophytic when they have the capacity to provide positive
benefits to plant growth [3, 4].

With the ongoing intensification of agriculture, more environmentally
beneficial biocontrol agents are needed to meet current demand.
Endophytic microbes residing within plant tissues have been
demonstrated to possess certain metabolic properties, that promote plant
growth and bestow protection against biotic and abiotic stresses under
laboratory conditions [5-7]. Furthermore, the interactions between plants
and endophytes could assist plants in colonizing new ecosystems by
utilizing soil nutrients, inducing root growth and plant development, and
particularly by improving plant capability to control soil-borne
pathogens [8, 9]. Thus, they have been increasingly considered as

possible biocontrol agents, though the protective outcome observed for
endophytes under laboratory conditions may not be as strong in complex
field conditions [10].

Endophytic microbes are diverse, including strains of fungi, bacteria, or
actinomycetes. Endophytic fungi are one of the major potential sources
for the production of valuable bioactive compounds [11]. Candidates
include Pestalotiopsis neglecta, Cupressus torulosa, Gilmaniella sp.,
Atractylodes lancea, Alternaria alternate, Capsicum annum, Eurotium
sp., Curcuma longa, Huperzia serrata, Talaromyces pinophilus, and
Acyrthosiphon pisum, among others [12]. To date, more than 140
actinomycete genera have been described, and only a few of them are
capable of producing the majority of the known essential antibiotics [11].
Bacteria reported as endophytes span a significant range of Gram-
positive and Gram-negative bacteria and include 80 genera such as
Arthrobacter spp., Bacillus spp., Brevibacterium spp., Curtobacterium
spp., Microbacterium spp., and Pseudomonas spp. [11].

Fusarium oxysporum F. spp. cucumerinum (FOC) and Fusarium
oxysporum F. spp. medicaginis (FOM) are two soil-borne fungal
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pathogens that affect alfalfa and cucumber, respectively. They cause
wilting and death of these two species grown in field and greenhouse
conditions [13]. They are difficult to control and cause systemic
invasion, moving in the plant tissues through xylem vessels [14]. To
date, there is no variety of cucumber and alfalfa resistant to FOC and
FOM, respectively. In response to the environmental and health concerns
about the extended use of pesticides, alternative control approaches,
including biocontrol agents, are considered for these crop diseases.

In this study, 108 alfalfa plants were collected from Hebei, Inner
Mongolia and Ningxia, China in 2015-2016, from which 409 strains of
endophytes were isolated following the surface sterilization of plant
tissue. Strains with effectiveness against pathogens were identified in in
vitro and in vivo experiments. Among these, three strains of bacteria
were identified in in vivo experiments as the best biocontrol agents for
inhibition of FOM. Our results inform future investigation into
endophyte strains as well as agricultural practices.

Methodology
I Identification of Endophytes from Alfalfa

In 2015-2016, 108 healthy alfalfa plants were collected from the soil in
Ningxia (Yinchuan and Shizuishan), Hebei (Langfang) and Inner
Mongolia. The collection sites, soil, and vegetation conditions were
recorded (Supplemental Table 1). To ensure sterilization, separate plant
parts including root, stem and leaf were sterilized for 1, 2 and 3 minutes
with a gradient of sodium hypochlorite (1%, 2%, 4%, 6%, 8%), then put
in the PDA (Potato Dextrose Agar) medium, and cultured at 28°C for 3
d. Each treatment was repeated 3 times, and sterilized water was used as
a control. 1 g of sterilized tissue from each part of the plant was
thoroughly ground in the sterilized mortar (with the addition of sterilized
quartz sand to help grind). 9 ml PBS buffer was added and then stirred,

Inhibition rate of fungi (%)

__ colony radius of pathogen cultured alone — colony growth radius of pathogenic fungi cultured confrontationally

allowed to stand for 3 min, and 1 ml of the supernatant was removed.
The gradient dilution method was used to dilute 102 times and 10° times
with PBS buffer, and 100 pl was used to coat the PDA+, NA (Nutrient
Agar), and Gao's media, respectively. Each medium and concentration
was repeated three times. The sterilized water from the last washing of
the alfalfa tissue was cultured with PDA as a blank control. The culture
media of PDA and NA were incubated at 28°C for 2-5d, and Gao's
medium was incubated for 5-7d. According to colony morphology, every
strain was isolated and served as slope preservation.

11 Evaluation of the Antagonistic Activity of Endophytic Strains
In Vitro

The four pathogens Rhizoctonia solani, Fusarium solani, Fusarium
oxysporum, and Phytophthora spp. were chosen to check the
antagonistic activities of the endophytic strains. The pathogens were put
in the center of the PDA plate with a diameter of 90 mm, the endophytic
bacteria and actinomycetes were inoculated in four directions 30 mm
from the center, while endophytic fungi were plated on the other side,
with sterilized water for blank control. All of the treatments were
cultured in the incubator for 2-7d at 28°C. For the evaluation of the
endophytic bacteria and actinomycetes, the four points were measured
for each treatment, and the average value was taken as the basis for the
bacteriostasis effect. Then, the bacteriostasis activity was evaluated
according to the bandwidth (T) of the bacteriostasis band and
actinomycetes, and divided into five levels: "-" no bacteriostasis activity,
no bacteriostasis band, T = 0; "+" bacteriostasis activity, 0 < T < 1mm;
"++" strong bacteriostasis activity, Imm < T < 2mm; "+++" stronger
bacteriostasis activity, 2mm < T < 5mm; "+++++" strongest
bacteriostasis activity, T < 5mm. For the evaluation of the endophytic
fungi, the inhibition rate was calculated according to the following
formula:

X100%

colony radius of pathogenic fungi cultured alone

111 Evaluation of the Control Effect of Endophytes on
Cucumber Wilt In Vivo

The antagonistic activity of 362 strains of endophytes isolated in the
2015 survey was evaluated on cucumber seedlings inoculated with FOC.
Endophytic bacteria were cultured in a 5 ml centrifugal tube (3 ml LB
medium) from the plate with the inoculation ring, 150 r/m, 28°C.
Endophytic fungi were cultured on a PDA plate until sporulation
resumed. Cucumber seeds (Zhongnong No. 6) were cleaned with warm
water, disinfected with 10% sodium hypochlorite for 5 mins, and rinsed
with sterile water 5 to 10 times (until the smell of sodium hypochlorite
was removed). Seeds were then dipped in 1% sodium carboxymethyl
cellulose CMC and then dipped in the cultured endophytic bacterial
liquid or endophytic fungal spores. Seeds were then placed in a culture
dish with four layers of gauze (both gauze and dish were sterilized) and
dripped with 10 ml sterile water to keep them moist. The culture chamber
was incubated at 28°C for 5 d, cotyledons and roots were allowed to
grow, and then seedlings were cultured under light for 24 h in a 100 *10
mm test tube with sterilized half MS medium. Each treatment had 5
replicates.
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Cucumber seedlings were transplanted into test tubes; one plant/tube was
cultured in the greenhouse under natural light. After 1 d of culture, 2 ml
suspension of F. oxysporum was added to each tube. The spores of F.
oxysporum were inoculated in PD liquid medium and cultured at 28°C
for 2 d. CK1 was the control group 1, without pathogens or endophytes.
CK2 was the control group 2, with only pathogens. Water evaporation
was monitored daily, and evaporation was replaced; so, the seedling
roots were immersed in the culture medium. The seedlings were
cultivated for 21 d in the greenhouse and were then investigated to screen
strains with biocontrol capability.

The disease severity and incidence, and growth parameters of the
cucumber seedlings in the test tube, were evaluated at the vegetative
stage: 3 wk after transplanting. The disease incidence was calculated by
using the formula as described by Teng et al. [15]:

Total No.infected plants per tube

Disease incidence (%) = X 100

Total No.of plants per tube
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The disease symptoms on leaf and root of alfalfa were evaluated based
on disease scales from 0-5 (Supplemental 2 and 3). The DSI (Disease
Severity Index) was calculated following the calculation described by
Ooi et al. [16], using the following equation:

DSI(%)

Y (Number on Scale X Number of seedlings in that scale) 100
= X

" Y(Number of treated seedlings) (highest rating value)

. Control — Treatment
Reduction(%) = Control x 100

IV Control Effect of the Selected Strains against Alfalfa Root
Rot

The endophytic candidates with excellent biocontrol activity were also
screened against alfalfa root rot pathogen FOM on alfalfa seedlings in
sterilized culture dishes, test tubes, and pot experiments, according to the
following methods:

Preparation of endophytic bacteria suspension: the cultured endophytic
bacteria were centrifuged at 4°C, 8000 r/min for 15 min, the supernatant
was poured out and shaken with an equal amount of sterile distilled
water, and finally was diluted into 108 CFU/ml, 10° CFU/mI ,and 10*
CFU/ml endophytic bacteria suspension.

Preparation of pathogen Fusarium oxysporum f. sp. medicaginis
suspension: First, the OD600 value of the pathogen suspension was
measured. The pathogen suspension was then diluted into 10, 100, and
1000 times of the pathogenic bacteria suspension with sterilized water.

The 100 sterilized alfalfa seeds were placed in a constant temperature
incubator at 28°C for 2 d. Alfalfa seeds with the same radicle length were
selected and immersed in an endophytic bacteria suspension of 108
CFU/ml, 10° CFU/ml, and 10* CFU/mI or pathogen suspension of 10,
100, and 1000 times for 10 min under the different treatments. CK1 was
only immersed in the endophytic bacteria suspension, and CK2 was only
immersed in the pathogen suspension, while seedlings immersed in
sterile water for 10 min were used as the true control. Each treatment
was repeated three times. Alfalfa seedlings contaminated with the
bacterial suspension were transplanted into test tubes, including five test
tubes for each treatment of endophytic bacteria, with one seedling for
each test tube. All were cultured in the climate chamber under a 16:8
light:dark schedule, at 24°C. Petri dishes were cultured for 7 d, and test
tube treatments were cultured for 14 d.

Five alfalfa seedlings contaminated with bacterial suspension were
placed in a seedling tray, one hole for each treatment, and repeated ten
times. Alfalfa seeds with the same radicle length were selected by
sterilized tweezers, and the roots were immersed in the suspension of
endophytic bacteria for 10 minutes under different treatments. The
control of CK1 was the alfalfa seedlings without pathogen and
endophytic bacteria, the control of CK2 was planted in diseased soil. It
was cultured in the climate chamber under the following conditions:
24°C temperature, 16h light and 8h dark period. After 21 days of
cultivation, the results were investigated. Cucumber seedling disease
symptoms scoring scale based on the leaves and roots was listed in the
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(Supplemental Tables 2 & 3). The disease symptoms were evaluated
based on the disease scales from 0-5 (Supplemental Table 4).

V Analysis of Data

Experimental data were collected and managed in Microsoft Excel,
analysis of variance (ANOVA) and Duncan’s test were conducted in
SAS 8.0, and figures were generated with Excel and ORIGIN.

VI Identification of Endophytes

Molecular identification of strains was completed using 16s rDNA for
endophytic bacteria and ITS for endophytic fungi. The 6 endophytic
fungi strains showed antagonistic activity, though this has not yet
demonstrated through in vivo experiments. By comparing the published
data from GenBank of NCBI (Supplemental Table 5 and Supplemental
Table 6), the phylogenetic tree was constructed with the best model (K2)
Maximum Likelihood Method using MEGA 7.0. The identification of
the endophytic bacteria strains with antagonistic activity was also carried
out according to phylogenetic analysis; the best model was T92+G, and
the compared sequences were from GenBank of NCBI (Supplemental
Tables 7 & 8).

Results
| Isolation of the Endophytes from Alfalfa

Among the 409 isolated endophytes, 306, 101 and 2 strains were
identified as bacteria, fungi, and actinomycetes, respectively
(Supplemental Figure 1), with endophytic bacteria accounting for 74.8%
of the total. Overall, 125 strains (30.6 %) were isolated from leaves, 101
strains (24.7%) were from stems, and 183 strains (44.7%) from the roots
(Supplemental Figure 2). Among the 306 strains of endophytic bacteria,
93 strains (30.3%) were obtained from alfalfa leaves with 30.3%; 79
strains were from alfalfa stems (26%); 134 strains were from alfalfa roots
(44 %). In general, the number of endophytic bacteria in root > in leaf >
in stem (Supplemental Figure 3). 101 strains of endophytic fungi were
obtained, among which,30 strains (30%) of endophytic fungi were
obtained from alfalfa leaves, 22 strains (22%) were obtained from alfalfa
stems, and 49 strains (48%) were obtained from roots (Supplemental
Figure 4). In general, the number of endophytic fungi in root > in leaf >
in stem. Only two endophytic actinomycetes strains were isolated from
the leaves of the alfalfa plants.

11 Evaluation of the Endophytes Isolated from Alfalfa In Vitro

The 362 strains of endophytes isolated were checked for antagonistic
activity to the four pathogens Rhizoctonia solani, Fusarium oxysporum
F. sp. cucumerinum, Fusarium oxysporum F. sp. medicaginis, and
Phytophthora capsici in the laboratory. In the screening of bacteria with
high antagonistic activity, 35 of the 362 endophytic bacteria (9.7%) had
antagonistic effect on at least one pathogen. The remaining 327
endophytic bacteria showed no antagonistic activity against any one of
the four pathogens tested. Moreover, in the 35 antagonistic strains, 26
strains were endophytic bacteria (Supplemental Table 9), 8 strains were
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endophytic fungi (Supplemental Table 7), and 1 strain was endophytic
actinomycete.

Of the 26 endophytic bacteria, 4 strains were antagonistic to R. solani;
25 strains had antagonistic activity against Fusarium oxysporum F. sp.
medicaginis; 18 strains had antagonistic effects on Fusarium oxysporum
F. sp. cucumerinum; 24 strains antagonized P. capsici. NA NM1S-1, NA
NX33L-1, and NA NX36L-1 had antagonistic effects on all four
pathogens (Supplemental Table 9). The NA NX36L-1 strain had the
strongest bacteriostatic activity against the four pathogenic bacteria and
was obtained from alfalfa plant samples of Jianquan Farm in Ningxia
province.

In the 92 strains of endophytic fungi with high antagonism activities, 8
strains had antagonistic effects on the above four pathogens. The PDA
NM1S-4 strain, isolated from the stems of alfalfa plants collected in
Inner Mongolia, had the strongest antagonistic effect on the four
pathogens, with 66.8% inhibition rate (Supplemental Table 10).

For each of the different pathogens, the strains possessing the highest
antagonism were screened. The inhibition rate of PDA NX90S-2 to FOM
was the highest (89.33%); PDA NM1S-4 had the highest inhibition rate
on R. solani (66.80%); PDA NM1S-4 had the highest inhibition rate on
Fusarium oxysporum f. sp. cucumerinum (83.61%); PDA NM1S-4 had
the highest inhibition rate on P. capsici (88.32%). Thus, the inhibition
rates of PDA NM1S-4 and PDA NX90S-2 on three pathogens (FOM,
FOC, and P. capsici) were more than 80% (Supplemental Table 10).

Two strains of endophytic actinomycetes were isolated, and their
antagonistic activities against Rhizoctonia solani, Phytophthora capsici,
FOC, and FOM were also evaluated by the dual culture method. G1 NX
63L-1, which had the strongest antagonistic effects on the above four
pathogens, was isolated from the leaves of alfalfa plants in Jinquan
Village, Ningxia province (Supplemental Table 11).

111 Evaluation of Control Effect of Endophytes on Cucumber
Wilt In Vivo

Table 1: Pathogenicity of endophytic bacteria and FOM on the growth of alfalfa.

The antagonistic activity of 362 strains of endophytes isolated in the
2015 survey was evaluated on cucumber seedlings inoculated with FOC
(Supplemental Tables 12 & 13). 37 strains had a relative control effect
above 60% on cucumber leaves, especially NA NX51R-5, NA HB1S-3,
and NA NM1S-1, with 84% relative effectiveness against FOC
(Supplemental Table 14). NA NX 51R-5 was obtained from the leaves
of alfalfa plants in Jinquan Village, Ningxia, China, NA HB1S-3 from
the stems of alfalfa plants in Langfang Experimental Base, Hebei
Province, China, and NA NM 1S-1 from the stems of alfalfa plants in
Inner Mongolia.

Degree of disease symptoms was not consistent across the leaves and
roots. 192 of 362 (50.4%) endophytic bacteria were effective against
FOC according to the disease symptoms scoring scale on leaves
(Supplemental Table 12), of which 16 strains were effective against FOC
on the roots (Supplemental Table 13). The three strains of endophytic
bacteria (NA NX51R-5, NA NX90R-8, and NA NM1S-1) were screened
with excellent biocontrol activity on the leaves and roots of alfalfa
(relative effectiveness >70%) (Supplemental Table 14).

These results indicate that the correlation between plate antagonism in
vitro and disease prevention test in vivo was not strong. Strains with good
antagonistic effect on the in vitro plate were not necessarily effective in
vivo, and even aggravated the disease.

1V Evaluation of control effect of the selected strains to Alfalfa
plant

Firstly, the screened three strains of endophytic bacteria, NA NM1S-
1(E1), NA NX51R-5(E2) and NA NX90R-8 (E3) (Supplemental Figure
5) were needed to be tested against FOM, while the different
pathogenicity (F4 and F5) were also checked the pathogenicity to Alfalfa
with different concentrations. The results shew that E1, E2 and E3 were
found no pathogenicity to Alfalfa (Table 1). F4 and F5 could cause
Alfalfa disease, moreover the pathogenicity of F4 was stronger than that
of F5 (Table 1).

Concentration Name  Disease Severity index (%)

Isolate Disease Severity index (%) Isolate  Disease Severity index (%)

1x10* CFU/ml El 0 E2
1x10% CFU/ml El 0 E2
1x108 CFU/mI El 0 E2
Dilution 0X F4 100 F5
Dilution 10X F4 76 F5
Dilution 100X F4 56 F5
Dilution 1000X F4 22 F5

0 E3 0
0 E3 0
0 E3 0
62

56

27

8

E1: NANMI1S-1; E2: NANX5IR-5; E3: NANX90R-8; F4: OD600=2.13; F5: OD600=2.10

We measured the effect of F4, F5, E1, E2 and E3 on the growth of alfalfa:
the 108 CFU/mI concentration of E1 and E2 could promote the length of
the alfalfa root (Figure 1), while the 10* CFU/ml, 10 CFU/ml and 10°
CFU/ml concentrations of E2 had the function of promoting the tillers of
alfalfa roots and leaves (Figures 2, 3 & 4). The 10* CFU/ml of E1, 108
CFU/ml of E2, and 10° CFU/mI of E3 were the best concentrations tested
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in the inoculation experiment (Supplemental Figure 6). All F4
concentrations (dilutions of 10X, 100X, and 1000X) inhibited the growth
of the tillers of roots of alfalfa (F=29.06, P<0.0001; Figures 2 & 3). To
test for interactive effects, the biocontrol effectiveness on FOM of
E1+F4, E2+F4, E3+F4, E1+F5, E2+F5, and E3+F5 to alfalfa were
checked in the PDA medium experiment. F4 was screened as the best
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endophytic bacteria with biocontrol for FOM in the pot experiment with
alfalfa (Table 2). In the pot experiment, when the F4 was diluted 1000X,
the best biocontrol treatments were E1 (10° CFU/mI) and E2 (10°
CFU/ml), both with 57.1% effectiveness (Table 3), and the growth of
alfalfa root with the E2+F4 combination was superior (Figure 5).
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Figure 1: Effect of the selected strains on the root length of alfalfa. E1
: NA NM1S-1; E2: NA NX51R-5; E3: NA NX90R-8; F4:
0OD600=2.13; F5: OD600=2.10.

g
S s
Z
B 4
B 37
]
S5 27
E .
g i

oA m B N

(NS > o > o N N
18 SRS »5%'»6 S S Q’,\S ) '»5%*"' u's*_'»&*o@t(’ 0,55‘-‘\'@*69‘\‘
AR AR A A A M M STy @ O

Concentration CFU/ml

Figure 2: Effect of different concentrations of strains on the tiller of
alfalfa roots. E1: NA NM1S-1; E2: NA NX51R-5; E3: NA
NX90R-8; F4: FOC 1; F5: FOC 4; F4: OD600=2.13; F5:
0D600=2.10.
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Figure 3: Effect of different concentrations of strains on the tiller of
alfalffa roots. E1: NA NM1S-1; E2: NA NX51R-5; E3: NA
NX90R-8; F4: FOC 1; F5: FOC 4; F4: OD600=2.13; F5:
0D600=2.10.

V Identification of Endophytes

The six endophytic fungi strains and twenty-six endophytic bacteria with
good antagonism traits were identified by the phylogenetic analysis of
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ITS and 16S rDNA respectively. The eight endophytic fungi were
belonged to three species (Rhizoctonia solani, Trichoderma harzianum
and T. atrobrunneum) with T. harzianum) being the dominant species
(Supplemental figure 7, 9 and Supplemental Table 15). About the 26
strains of endophytic bacteria, NA NX16L-1, NA NX36S-1, NA
NX37L-3, NA NX36L-1, NA NX63L-2, NA NX65S-3, NA NM1S-1,
NA NX81R-1, NA NX40R-1 and NA HB2S-3 were classed into
Bacillus spp. group, NA NX33L-1, NA NM2R-6, NA NX54S-1, NA
NX21R-3 and NA NX67R-4 were classed into Pseudomonadaceae spp.
group, NA NX37S-2, NA NX67S-3 and NA NX36L-2 were classed with
Curtobacterium spp. group, NA NX90R-1 and NA NX57R-2 were
belonged to Arthrobacter spp., NA NX76S-1 was belonged to Pantoea
agglomerans species, NA NX21L-1 was belonged to Microbacterium
species (Supplemental figure 8, 10 and Supplemental Table 16),
moreover Bacillus spp. and Pseudomonas spp. were dominant species in
the 26 endophytic bacteria strains. The three strains of endophytic
bacteria possessing high biocontrol effect and identified by 16S rDNA
were Bacillus spp., (NA NM1S-1 and NA NX51R-5) (BioSample
accession number: SAMN11658551 & SAMN11658552) (Figure 6 and
Supplemental Table 17) and Pseudomonas sp. (NA NX90R-8)
(BioSample: SAMN11658553) (Figure 7 and Supplemental Table 17).
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Figure 4: Effect of different concentrations of strains on the tiller of

alfalfa leaves. E1: NA NM1S-1; E2: NA NX51R-5; E3: NA

NX90R-8; F4: FOC 1; F5: FOC 4; F4: OD600=2.13; F5:

0OD600=2.10.
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Figure 5: Effect of endophytic bacteria (E1, E2, and E3) on the growth
of alfalfa. 1: CK1 (Control for water);2: CK2 (Control for pathogen); 3:
E1+F4; 4: E2+F4; 5: E3+F4.
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D16266.1 Bacillus cereus strain 1AM 12605
AF290547 1 Bacillus cereus strain ATCC14579
X55060.1 B.cereus

= {KYT7T7579.1 Bacillus cereus strain HD4
AB271745.1 Bacillus cereus

AB592491 1 Bacillus cereus

1 L_AY373357.1 Bacillus mycoides strain c2
- KF836520.1 Bacillus anthracis strain 262AG3
= HQ817121.1 Bacillus thuringiensis strain X6

E1
KUB98281.1 Bacillus toyonensis strain J1

@

EF433410.1 Bacillus licheniformis strain BCRC 11702
KUB21696 .1 Bacillus subtilis strain LLP-2

KJT87122. 1 Bacillus axarquiensis strain CHMS1B6

JF411311.1 Bacillus tequilensis strain kKM 30

E2
AJZ2TE351 1 Bacillus subtilis 163 rRRMNA gene strain DSM10

AB271744.1 Bacillus subtilis subsp. subtilis

EF423592 .1 Bacillus subtilis subsp. subtilis strain BCRC 10255
ABGB0257 1 Bacillus subtilis strain NBRC 12210
FJ917386 .1 Bacillus subtilis strain KCTC 3135

MR 115531.1 Sporolactobacillus terrae strain M-116

DQ1513325.1 Paenibacillus polyrmyxa strain JYW-21

Figure 6: Identification of E1 and E2 by phylogenetic tree.
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KJ787122.1 Bacillus axarquiensis strain CHMS1B6
96

100 ||9F411311.1 Bacillus tequilensis strain KM30

78 1KU821696.1 Bacillus subtilis strain LLP-2

NR 115531.1 Sporolactobacillus terrae strain M-116

DQ513325.1 Paenibacillus polymyxa strain JW-21

E3

FJ791163.1 Pseudomonas sp. enrichment culture clone C2

KY393316.1 Pseudomonas argentinensis strain IC32-08

o3 GU935266.1 Pseudomonas sp. EK-I11

40| | NR 109583.1 Pseudomonas punonensis strain LMTO03

99 L JQ317790.1 Pseudomonas argentinensis strain W1AP5
0.020
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Figure 7: Identification of E3 by phylogenetic tree.

Table 2: Biocontrol effects of selected strains E1, E2, and E3 on alfalfa
root rot disease in MS medium culture experiments.

Name Disease Severity index Relative control effect
(%) (%)

E1+F4 20 54.5

E2+F4 30 31.8

E3+F4 25 43.2

E1+F5 35 30

E2+F5 20 60

E3+F5 25 50

Table 3: Biocontrol effects of selected strains E1, E2, and E3 on alfalfa
root rot disease in the pot experiments.

Name Disease Severity index Relative control effect
(%) (%)

CK1 0 100

CK2 56 0

E1+F4 24 57.1

E2+F4 24 57.1

E3+F4 36 35.7

Discussion

Indigenous microbes existing in the internal regions of the plant is very
popular phenomenon [11]. There are two opinions about the effect of
endophytes on plants. 1) Some people think that most endophytes are
beneficial to plant growth and development, some have no effect on plant
growth, and a few are harmful to plants [4]. 2) Some people think that
most of the endophytic bacteria have no effect on plant growth and
development, 5%-10% have beneficial effect on plant growth and
development, and more than 10% have adverse effect on plant growth
and development [11]. In this results showed that most of the endophytic
bacteria were beneficial to plant growth and development. Especially, 35
strains of endophytes were screened with antagonistic effect to
Rhizoctonia solani, Phytophthora capsici FOC and FOM in vitro, which
had the antagonistic effect at least on one pathogen. In those 35 strains
of endophytes, 26 strains of endophytic bacteria, 8 strains of endophytic
fungi and 1 strain of endophytic actinomycete. However, in the
experiment of in vivo, the three strains of endophytic bacteria were
obtained with excellent biocontrol capability to FOC, which reflected the
significant difference existing in the screening of biocontrol agent by in
vivo and in vitro, and the screening of in vivo is more necessary. It is the
first collection of endophytes from the whole Alfalfa plant. In the past
research, the root of Alfalfa was the focus, which had the limitation of
the endophytes research [17, 18].

In this issue, many valuable endophytes were obtained. The explored
good endophytic bacteria were focus on these species in votro, such as
Pestalotiopsis  neglecta, Cupressus torulosa, Gilmaniella sp.,
Atractylodes lancea, Alternaria alternate, Capsicum annum, Eurotium
sp., Curcuma longa, Huperzia serrata, Talaromyces pinophilus and
Acyrthosiphon pisum so on. endophytic fungi were three species (R.
solani, T. harzianum and T. atrobrunneum), the only one actinomycete
was get. In vivo experiment, few strains were discovered. NA NX51R-
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5, NA NM1S-1 and NA NX90R-8 had good biocontrol capability for
FOC and FOM, whose excellent biocontrol capability on FOM were
further verified in the pot experiment. NA NX51R-5 and NA NM1S-1
belonged to Bacillus spp. by phylogenetic analysis, while NA NX90R-8
were Pseudomonas spp., they were the classic species of endophytic
bacteria [11].

At present, there are many reports about the control of FOC by
endophytes. Bacillus. cereus could effectively control cucumber
fusarium wilt disease and promote cucumber growth [19]. Tari et al.
showed that Pseudomonas putida mutant strain Agg+ could colonize in
the root of cucumber, inhibit the occurrence of control cucumber
fusarium wilt disease by competing with FOC, and promote the growth
of cucumber [20]. In the research of Ozaktan, the 112 endophytic
bacteria strains were recovered from cucumber plants, in which CC29/3
and CC25/2 strains presented high activity against FOC [14].
Furthermore, majority of isolated endophytes were not only able to
suppress pathogenic fungi but could also improve seed germination and
plant growth.

The good biocontrol agent of endophytes was dependent on the
synthetization of the secondary metabolites. Such as terpenoids,
alkaloids, phenols, phytohormones, defense enzymes and cellulase [21,
22]. In generally, the high species diversity of endophytes and their
adaption to various environments could be considered a rich and almost
un-trapped source of new secondary metabolites for pharmaceutical or
agricultural applications [14, 22]. So, in this research, we need to further
explore the primary and secondary metabolites, analyzed how many
secondary metabolites existing in these endophytes, which is the domain
secondary metabolites, and how endophytes modulate the growth and
metabolism of plant.

Conclusion

This research focused on the exploration of candidate endophytes for
protection alfalfa against FOM. The 362 strains of endophytes including
fungi, bacterial and actinomycetes were isolated from alfalfa, though the
complicated experimental design, the three strains of endophytic bacteria
(NA NX51R-5, NA NX90R-8 and NA NM1S-1) with excellent
biocontrol capability were screened out, which will provide the good
resources for biocontrol of alfalfa Fusarium wilt disease in the future
field production.

Recommendations

Our results enable further exploration of the primary and secondary
metabolites of plant endophytes, analysis of how many secondary
metabolites exist in these endophytes, and study of how endophytes
modulate the growth and metabolism of plants.
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