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Abstract

The aim of this study was to isolate, within cucumber plants, Endophytic 
Bacterial (EB) isolates that can provide significant biological control of Fusarial 
wilt of cucumber caused by Fusarium Oxysporum f. sp. Cucumerinum (FOC) and 
enhance plant growth under in vitro conditions. The endophytic bacteria were 
isolated from the internal tissues of roots, leaves and stems of healthy cucumber 
plants. In this study, we isolated 112 EB strains from internal tissues of healthy 
cucumber plants grown in greenhouse and field conditions in Turkey. We 
determined several phenotypic properties of EB strains and found approximately 
equal numbers of Gram-negative and Gram-positive strains. These isolates 
were screened in vitro for their plant growth promoting traits such as production 
of Indol 3-Acetic Acid (IAA), Hydrogen Cyanide (HCN), siderophore, phosphate 
solubilization and antagonistic activity against FOC. More than 30% of the EB 
strains produced detectable levels  (20-125 µg ml-1) of IAA in culture filtrates. 
46 % of EB strains exhibited siderophore production ranging from 3 to 19 mm 
zones. HCN production was more common trait of Pseudomonas strains (16%). 
Solubilization of phosphate was detected by 29% in the EB isolates. More than 
53% of the EB strains inhibited the mycelial growth of FOC on PDA plates. The 
strains CC29/3 and CC25/2 were more active compared to other against FOC. 
Majority of isolated endophytes were not only able to suppress pathogenic fungi, 
but could also improve seed germination and plant growth. Finally, these strains 
may be candidates for biological control and plant growth promotion.
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pest management strategies for crop diseases. 

Biological control offers potential alternatives to combat many 
soil-borne pathogen, including Fusarium oxysporum [10]. The 
biological control of Fusarium wilt of cucumber caused by FOC was 
obtained using siderophore fluorescent pseudomonads in Turkey 
[11].

The use of Endophytic Bacteria (EB) strainsto control plant-
pathogenic bacteria and fungi is receiving increasing attention as 
a sustainable alternative to synthetic pesticides. EB strains, which 
live inter- and intracellularly in plants without inducing pathogenic 
symptoms, interact with the host biochemically and genetically. EB 
may play many important beneficial roles in the metabolism and 
physiology of the host plant, including fixing atmospheric nitrogen, 
sequestering iron from the soil, solubilizing phosphates, synthesizing 
plant – growth hormones, and suppressing of ethylene production 
by 1-Amino Cyclopropane-1-Carboxylate (ACC) deaminase, 
degrading toxic compounds, inhibiting strong fungal activity and 
antagonizing bacterial pathogens [12-14]. The internal plant tissues 
provide a protective environment for endophytic bacteria, which 
colonize an ecological niche similar to plant pathogens. Endophytes, 
like Pseudomonas, Agrobacterium, Bacillus, Burkholderia and 
Enterobacteria, have been isolated from root nodules in various 
leguminous plants including alfalfa, clover, soybean pigeon pea, etc 

Abreviations
FOC: Fusarium Oxysporum f. sp. Cucumerinum;  EB: Endophytic 

Bacteria; IAA: Indol 3-Acetic Acid, HCN: Hydrogen Cyanide

Introduction
Fusarium Oxysporum f. sp. Cucumerinum (FOC), which is a soil-

borne fungus, causes wilting and death of cucumber plants grown 
in greenhouse [1]. The symptoms include necrotic lesions of the 
stem base, foliar wilting and eventually plant death [1,2]. FOC has 
been identified in all cucumber growing regions around the world, 
including Turkey [3,4] and has been documented as an important 
economic threat to cucumber producers [3,5-7]. It is difficult to 
control of FOC since the pathogen could cause systemic invasion and 
move in the cucumber plant tissues by xylem vessels [1]. Chemical 
control methods which are effective against Fusarium root and stem 
rot of cucurbits are limited [8]. Therefore, control strategies focus 
mostly on preventing the pathogen from being introduced into 
disease-free areas, and the development of disease resistant varieties 
[9]. Hovewer, the development of new pathogenic races of FOC limits 
use of disease resistant varieties [3]. To date, there is no resistant 
cucumber cultivars to FOC. In response to environmental and health 
concerns about extended use of pesticides, there is considerable 
interest in finding alternative control approaches for use in integrated 
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[15] since 1902 [16-18]. Available reports indicated improved plant 
yield and health under greenhouse conditions (measured as an 
increase in root wet weight and nodulation) when co-inoculated with 
nodule endophytes compared to inoculation with rhizobia alone.

In order to reduce the input of pesticides and fertilizers and to 
make an eco-friendly agriculture, it will be important to develop 
inocula of biofertilizers, and biopesticides. The main aims of this 
study are: (i) to collect different EB from different area in Turkey, 
(ii) to screeen these bacteria for a number of plant-beneficial traits, 
(iii) to test the selected potentially beneficial strains for their abilities 
to promote growth of cucumber and to control FOC caused by 
Fusarium oxysporum f. sp. Cucumerinum.

Materials and Methods
Isolation of endophytic bacteria

The endophytic bacteria were isolated from the internal tissues 
of roots, leaves and stems of healthy cucumber plants, which were 
surface-sterilized by sequential immersion in 70% ethanol for 5 min 
and a solution of 5% sodium hypochloride for 10 min. Then the 
samples were rinsed three times in sterile distilled water to remove 
surface sterilizing agents prior to obtain bacterial isolates. Bacterial 
strains were isolated by two different techniques such as trituration 
of leaves and imprinting of stem and root tissues onto Triptic Soy 
Agar (TSA). Surface sterility test was performed for each of the 
samples to ensure the elimination of surface microorganisms. If no 
bacterial growth occurred in the sterility test, the recovered bacteria 
were considered to be endophytes. Single colonies were isolated and 
maintained in pure cultures at -800C in 15% (v/v) glycerol [19].

Phenotypic characterization of bacterial strains
Colonies of bacterial isolates were characterized for the following 

traits: color, form, elevation, margin, diameter, surface, opacity, 
and texture. The Gram reaction was performed by using a 3% KOH 
test [20]. Endophytic Bacteria (EB) were tested for Hypersensitive 
Response (HR) on tobacco leaves. EB strains,  showed HR (+) on 
tobacco leaves were  considered as possible plant pathogens and were 
not taken for further tests [21.22].

In vitro screening for antagonistic activity 
All EB isolates were screened for their in vitrobiocontrol activity 

toward FOC on Potato Dextrose Agar (PDA) using a dual-culture 
technique [23]. The plates inoculated with the pathogen alone 
were maintained as control. The mycelial disc (5 mm) from 7 days 
old culture of FOC was placed on one side of the plate containing 
PDA medium, and then EB strains were streaked on the opposite 
side of the plate by the help of sterilized inoculation needle. Three 
replications were performed for each treatment. The plates were 
incubated at room temperature for seven days. The inhibitory effects 
of EBstrains on the linear growth of FOC were determined. The 
percent of inhibited FOCwas calculated by comparison with fungal 
growth in control plates. 

In vitro characterization of EB strains for plant growth 
promotion 

The EB strains were screened by in vitro assays for the production 
of the following functional traits: hydrogen cyanide, HCN [24]; 
phosphate solubilization [25] and Indole 3- Acetic Acid, IAA [26]; 

plant growth promotion and siderophore production [27]. All 
experiments were replicated twice for each of the strains.

Effect on seed germination and seed vigor index 
EB strains, which were found successful by in vitro assays for 

plant growth promotion and antagonistic activity to FOC, were 
further analyzed for seed emergence (cv. Gordion) and measured 
for Vigor Index (VI). For bacterization, seeds were surface sterilized 
with 1% sodium hypochlorite for 1 min and soaked in EB suspensions 
ammended with 1% Carboxy Methyl Cellulose (CMC). After 
bacterization, the seeds were placed onto sterile filter paper moistened 
with Sterile Distilled Water (SDW) in petri plates (three plates with 10 
seeds/plate) and incubated at room temperature. Control plates were 
arranged in a similar way, except that they were treated only with 1% 
CMC. For each isolate, effects on seed germination were measured 
by counting the number of fully germinated seeds per plate and 
comparing that with that of the control plates. After 5 days, the vigor 
index for each treatment was calculated by using the formula: VI= 
Percent germination X (seedling length + root length)as described 
previously [28].

Results and Discussion
Isolation of EB strains

We observed that the inner tissues of healthy cucumber plants 
were very rich for EB colonization Trituration and imprinting of the 
plant tissues were the reliable and easy isolation techniques for EB. 
A total of 44 healthy cucumber plants including 34 plants grown in 
greenhouse and 10plants grown in field were obtained from different 
sampling areas in Turkey. Surface sterility tests were performed for 
each sample to monitor the efficiency of the disinfestation procedure 
during isolation. If no bacterial growth occurred in the sterility 
test, the recovered bacteria were considered to be endophytes. 
Here, 112different endophytic colonizing bacterial strains were 
isolated from healthycucumber plants grown in greenhouse and 
field conditions. On the basis ofphenotypic identification tests such 
as some cultural, morphological and biochemical characteristics, 
a total of 104 endophytic bacterial strains were groupedinto Gram 
(-) bacteria, and Gram (+) bacteria. Most of the EB strains were 
flurescent pseudomonads, Gram negative (66%) and rest Gram 
positive (Table 1). Among Gram-negative soil bacteria, Pseudomonas 
is the most abundant genus in the rhizosphere [29]. Root-associated 
Pseudomonas spp. strains have long been known to be beneficial to 
plants attribute to their Plant-Growth Promotion Effect (PGPE) or 
their potential as biological control agents. In addition, endophytic 
Pseudomonas spp. can also indirectly induce PGPE by controlling 
phytopathogens or pathogenic fungi using mechanisms such 
asproducing antibiotic factors [30,31], enhancing competition for 
colonization sites [32],  and induction of systemic resistance [33]. 
The diversity of EB reported here has many similarities with the EB 
isolated from other plants. Agrobacterium, Arthobacter, Bacillus, 
Chryseobacterium, Enterobacter, Pseudomonas and Sterotrophomonas 
were commonly identified from roots of cucumber, sugar beet, corn, 
and lemon [34]. 

In vitro plant growth promoting traits
One of the mechanisms of stimulation of plant growth by 

bacteria involves the production of phytohormones such as auxins, 
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EB isolates Bacterial 
Species

The percent  inhibition of  
mycelial development of FOC1, 2

IAA3

(µg/ml)
Gram

Staining
Floresencent 
pigmentation HCN4 Siderophore

production
Phosphate

solubilization
CB1/1 2 38,1 31 - - - 1 mm 0
CB1/2 3 15,7 25 - - - 0 mm 0
CB2/1 4 44,7 30 + - - 0 mm 0
CB2/2 5 50 100 - - - 12 mm 0
CB2/3 6 57,8 44 - - - 10.5 mm 0
CB3 7 30,2 17 + - - 0 mm 0
CB4 8 28,9 37 - - - 5 mm 3 mm
CC4 9 26,6 27 - - - 1 mm 1 mm

CB5/2 11 40,7 26 - - - 7 mm 1 mm
CB7 12 34,2 22 - - - 5 mm 2 mm

CC7/1 13 56,7 12 - + - 13 mm 0 mm
CC7/2 14 53,9 30 - - - 5 mm 2,5 mm
CB8/1 15 27,6 37 - - - 5 mm 3 mm
CB8/2 16 18,5 32 + - - 10 mm 0
CB9/2 18 31,5 13 - - - 7 mm 1 mm
CB9/3 19 27,6 33 - - - 12 mm 0
CA10 20 39,4 6 + + - 0 mm 0 mm
CB10 21 32,8 6 - - - 12 mm 9 mm
CC13 22 0 6 + - - 0 mm 0

CA13/1 23 15,7 6 + - - 0 mm 0
CA13/2 24 0 5 - - - 0 mm 0
CB13 25 18,5 15 + - - 0 mm 0
CA15 26 0 3 - - 0 mm 2 mm

CB15/1 27 0 5 + - - 0 mm 0
CB15/2 28 23,6 10 - - - 0 mm 0
CA17/1 29 14,4 12 - - - 0 mm 0
CA17/2 30 28,9 6 - - - 9 mm 0
CA17/3 31 26,3 9 - + + 7 mm 0
CA17/4 32 44,7 27 + - - 2 mm 0
CB17/1 33 0 6 + - - 0 mm 0
CB17/2 34 0 0 - - - 0 0
CA18 35 17,1 7 + - - 6.5 mm 0

CB18/1 36 0 6 + - - 0 mm 1 mm
CB18/2 37 14,4 7 - - - 7 mm 1 mm
CB20/1 38 0 7 + - - 0 mm 0
CB20/2 39 0 11 - + - 8 mm 3 mm
CB20/3 40 35,7 9 - - 1 mm 1 mm
CC23/1 42 4,2 7 - - - 2 mm 2 mm
CC23/2 43 0 10 + - - 1 mm 2 mm
CA24 44 0 6 + - - 0mm 1 mm
CB24 45 30 18 + - - 1 mm 2 mm
CA25 46 14,2 32 - - - 3 mm 0
CB25 47 0 12 + - - 3 mm 1 mm

CC25/1 48 7 26 - + - 14 mm 0
CC25/2 49 64,2 34 - + - 9 mm 1 mm
CC26 50 58,5 16 - - - 0 mm 0

CA27/1 51 0 9 - - - 0 mm 0
CA27/2 52 8,5 9 - + + 11 mm 4 mm
CC27 53 18,5 9 - + + 13 mm 4 mm

CB27/1 54 0 7 + - - 0 mm 0
CB27/2 55 0 6 + - - 0 mm 0
CA28/1 56 45,7 13 - - - 12 mm 0
CA28/2 57 34,2 35 - + - 6 mm 0
CA28/3 58 15,7 15 - + - 19 mm 0
CB28 59 24,2 0 + - - 0 mm 0

Table 1: Overview of plant-beneficial traits of selected endophytic bacteria.
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CA29/1 60 27,1 25 - + - 3 mm 2 mm
CA29/2 61 27,1 14 - + - 16 mm 0
CC29/2 65 7 7 - - - 0 mm 0
CC29/3 66 62,8 12 + - - 0 mm 0
CC30 68 17,1 24 - + - 16 mm 2 mm
CB31 69 0 5 + - - - 0

CA32/1 70 0 35 - - - 2 mm 0
CA32/2 71 50 35 + - - 8 mm 0
CA33/1 72 48 7 + - - 4mm 0
CA33/2 73 44 14 - + - 6 mm 3 mm
CA34 74 20 5 + - - 1 mm 0
CB34 75 0 5 + - - 1mm 0

CC35/1 76 14 16 - + - 8 mm 0
CC35/2 77 43 7 + - - 2 mm 0
CC35/3 78 0 8 - - - 12 mm 0
CA36 79 14 8 + - - 1 mm 0

CB36/1 80 43 125 - - - 7 mm 4 mm
CB36/2 81 25 20 + - - 10 mm 0
CC37/1 82 22,2 5 + - - 3 mm 0
CC37/2 83 15 45 - - - 7 mm 6 mm
CC37/3 84 42 15 + - - 5 mm 0
CA38 85 63 5 + - - 6 mm 0

CB38/1 86 0 6 + - - 4 mm 0
CB38/2 87 31 50 - - - 6 mm 1 mm
CA39/1 88 0 12 - - - 12 mm 0
CA39/2 89 32,6 13 + - - 4 mm 0
CB39 90 33,3 12 + - - 1 mm 0

CC39 /1 91 11,1 8 + - - 3 mm 0
CC39 /2 92 0 15 + - - 1 mm 0
CC39 /3 93 42 39 + - - 1 mm 0

C40 94 31,5 12 + - - 3 mm 0 mm
CB40 /1 95 16,4 11 - + - 11 mm 3 mm
CB40 /2 96 24,6 18 - + - 19 mm 0
CC40 /1 97 10,9 5 - - 2 mm 0
CC40 /2 98 23,2 32 - - - 4 mm 1,5 mm
CA41 /1 99 17,8 6 + - - 1 mm 0
CA41 /2 100 9,5 11 - - - 2 mm 0
CA41 /3 101 17,8 9 + - - 2 mm 0
CC41 /1 102 26 8 + - - 0 mm 0
CC41 /2 103 19,1 41 - - - 3 mm 3,5 mm

CA42 104 10,9 8 - - - 0 mm 0
CB42 /1 105 17,8 26 + - - 1 mm 0
CB42 /2 106 17,8 6 + - - 0 mm 0
CC42 /1 107 20,5 41 - - - 1 mm 5 mm
CC42 /2 108 30,5 15 - - - 1 mm 1 mm

CC43 109 24,6 7 + - - 0 mm 1 mm
CA44 /1 110 34,2 6 + - - 0 mm 0
CA44 /2 111 26 8 - - - 1 mm 0
CC44 112 31,5 8 - + - 6 mm 1.5 mm

1The values show the percent inhibition of mycelial development of  FOC compared to non treated positive control plates of FOC
2 The valuesare the mean of four replicate plates
3Auxin level after growth in medium supplemented with/without trytophan
4Hydrogen cyanide production
5Mean vigor index value of non treated negative control was 4947
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giberellins and cytokinins. Auxins are known to be essential for 
plant physiology directly affecting the root and shoot architecture. 
More than 30 % of the EB strains produced detectable levels (20-
125 µg ml-1) of IAA in culture filtrates (Table 1). IAA production 
was highest in the Pseudomonas followed by Bacillus isolates. Plant 
growth promotion mediated by endophytic bacteria may be exerted 
by several mechanisms, e.g. synthesis of siderophores, solubilisation 
of minerals such as phosphorous [12,13,35]. Siderophore production 
was exhibited by 46 % strains ranging from 3 to 19 mm zones on 
CAS agar (Table 1). Solubilization of phosphate was detected in29 % 
ofthe EB strains ranging from 1 to 9 mm zones (Table 1). Most EB 
strains were HCN negative on TSA, with or without glycine. Only 
three Pseudomonas isolates showed detectable cyanide production 
by changing color from yellow to brown around its colonies.In this 
study, we showed that EB strains were very promising in respect to in 
vitro plant growth promotion parameters.

Effect on fungal growth
A total of 112 strains of EB were tested for their in vitro antagonistic 

activity against FOC on PDA plates. 53% of the EB strains showed 
antagonism against FOC on PDA plates producing inhibition zones 
by dual plate test (Table 1). The inhibitory rates varied from 20% to 
64% depending on EB strains (Table 1).Most of the EB isolates, which 
were HCN negative on TSA showed antibiosis against FOC in vitro.
Endophytic bacteria isolated from potato roots expressed high levels 
of hydrolytic enzymes such as cellulase, chitinase and glucanase [36]. 
Our results showed that the EB strains were effective against FOC and 
produced inhibitory metabolites other than hydrogen cyanide.

Effect on seed germination
Thirty eightisolates out of 112 EB, considered as successful for in 

vitro plant growth promoting traits and bicontrol activities toward 
FOC were analyzed for their effects on seed emergence on cucumber 
seeds and VI. Some of the EB strains had no apparent effect on seed 
germination and VI, where as others, when applied individually, 
caused suppression of seed germination in vitro and seedling growth 
compared to that of the control plates (Table 1). For example, 
among 38 EB strains, which were used in plate assay, strains CC37/2 
and then CB38/2 were the best ones on enhancement of VI, while 
strains CA29/1, CA28/2, CB36/2 and Ca38 did not have any effect 

Figure 1: Vigority Index (VI) of germinated cucumber seeds coated with EB strains.

on seed germination or VI (Figure 1). Consistent with our results, 
some bacterial endophytic isolates from healthy plants inhibited 
the growth of tomato seedlings in reinoculation assays, possibly 
through the production of certain metabolites [37].  In plate assay, 
CA33/2 and CB8/1strains had the lowest values of VI (Figure 1). We 
observed that 40% of tested EB strains improved the VI of cucumber 
seedlings compared to that treated with CMC (1% w/v) only (Figure 
1). Approximately 54 % of tested EB isolates had a strong potential 
for promoting seed germination and VI comparing to control plates. 
[19] described that the isolates of endophytic bacteria significantly 
improved seed germination and plant growth of oilseed rape and 
tomato. 

Conclusion
In conclusion, EB can be isolated by surface-sterilized method. A 

total of 112 EB strains were recovered from cucumber plants.Present 
study showed high activity of EB strains against FOC. The strains 
CC29/3 and CC25/2 were more active compared to other strains 
against FOC. Furthermore, majority of isolated endophytes were not 
only able to suppress pathogenic fungi, but could also improve seed 
germination and plant growth These strains may be candidatesfor 
biological control and plant growth promotion.
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