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The ability of endophytic bacteria to inhibit the growth of crown and
root rot fungal-like Phytophthora nicotianae and Phytophthora
citrophthora on Bakraii rootstock (Citrus sp.)

T.S. Hashemi', D. Samsampour", J. Soltani?, M. Askari Seyahooee®, and M. Ghasemi*

(Received: 15.11.2020; Accepted: 8.2.2021)

Abstract

Endophytic bacteria are one of the most powerful tools in bio-controlling plant pathogens and protecting
plants from damage. The evaluation of inhibitory effect of endophytic bacteria isolated from Mandarin
orchards in Hormozgan province against crown and root rot caused by fungal-like Phytophthora nicotianae
and Phytophthora citrophthora in laboratory (completely randomized design) and greenhouse (factorial
experiment in completely randomized design) was performed with three replications. Also, the biomass
parameter of fresh and dry weight of the stem, root and their corresponding lengths were investigated. In this
experiment, 17 isolates of endophytic bacteria were identified using 16S rDNA gene. In the laboratory
experiment was found that out of 17 endophytic bacteria, 3 isolates had significant inhibitory effect at the 5
percentage probability level; So that in the greenhouse conditions they reduced the disease severity of P.
nicotianae and P. citrophthora isolates by 75.5 percentage compared to the control. The sequence of these
three isolates was 99 percentage similar to the sequence of Paracrauroccus sp. , Kytococcus schroeteri and
Psychrobacillus psychrodurance species. In the greenhouse experiment, the comparison of the means
showed that the fresh weight of stem, root and stem length treated with endophytic bacteria increased
compared to the control. In general, the endophytic bacteria Paracrauroccus sp. ,Kytococcus schroeteri and
Psychrobacillus psychrodurance separately and in combination can be suggested as an effective tool for
biological control of the cause of crown and root rot at the Bakraii rootstock.
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Table 1. Different levels of seedling treatment with crown and root rot fungal-like organism and endophytic

bacteia

Level Treatment

1 Control

2 Phytophthora citrophthora

3 Phytophthora nicotianae

4 Phytophthora nicotianae + Phytophthora citrophthora

1 no endophytic bacteria

2 A: Psychrobacillus psychrodurans

3 B: Kytococcus schroeteri

4 C: Paracraurococcus sp.

5 Kytococcus schroeteri +Psychrobacillus psychrodurans AB:
6 Kytococcus schroeteri + Paracraurococcus sp. BC:

7 Psychrobacillus psychrodurans + Paracraurococcus sp. AC:
8

Kytococcus schroeteri+ Paracraurococcus sp. + Psychrobacillus psychrodurans ABC:
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Table 2. Isolate ID code and Genbank accession numbers of the endophytic bacteria associated with Mandarin

(Citrus reticulata var. siyahoo) in Hormozgan province (Roudan, Hajiabad, Siyahoo and Ahmadi).

Isolate Accession Phylum Order Family Genus/Species
no. from
this study
TM7 MNO004851 Proteobacteria Sphingomonadales Sphingomonadaceae Altererythrobacter sp.
TM20 MNO005946 Proteobacteria Rhodospirilales Acetobacteraceae Paracraurococcus sp.
TM21 MNO006141 Proteobacteria Rhizobiales Methylocystaceae Methylopila oligotropha
TM25 MNO005947 Actinobacteria Actinomcetales Promicromonosporaceae Cellulosimicrobium sp.
TM4 MNO0O05118 Actinobacteria Actinomycetales  Microbacteriaceae Okibacterium fritillariae
TM3 MNO006140 Actinobacteria Actinomycetales  Microbacteriaceae Curtobacterium flaccumfaciens
TM23 MNO006352 Actinobacteria Actinomycetales  Micrococcaceae Kocuria palustris
TME8 MNO004799 Actinobacteria Actinomycetales  Mycobacteriaceae Mycobacterium gadium
TM9 MNO004850 Actinobacteria Actinomycetales  Mycobacteriaceae Mycobacterium gadium
TMI19 MNO005945 Actinobacteria Actinomycetales  Mycobacteriaceae Mycobacterium gadium
TM18 MNO005944 Actinobacteria Actinomycetales  Nocardioidaceae Nocardioides aromaticivorans
TM22 MNO11929 Actinobacteria Actinomycetales = Mycobacteriaceae Mycobacterium aurum
TM17 MNO005943 Actinobacteria Actinomycetales = Dermacoccaceae Kytococcus schroeteri
ID1  MK975840 Actinobacteria Actinomycetales = Micrococcaceae Arthrobacter crystallopoites
TM13 MNO15582 Firmicutes Bacillales Bacillaceae Bacillus cereus
TM14 MNO005936 Firmicutes Bacillales Bacillaceae Bacillus lichenitormis
TM2 MKO004798 Firmicutes Bacillales Bacillaceae Psychrobacillus psychrodurans
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(Citrus reticulata var. siyahoo)
Table 3. Percentage of Inhibitor growth of fungal- like Phytophthora spp. By isolated bacterial endophyetes from
Mandarin (Citrus reticulata var. siyahoo)

Inhibitor index

Treatments

Percentage
Arthrobacter crystallopoites + Phytophthora citrophthora 831
Psychrobacillus psychrodurans + Phytophthora citrophthora 30.00 ¢
Curtobacterium flaccumfaciens + Phytophthora citrophthora 20.70d
Okibacterium fritillariae + Phytophthora citrophthora 23.00d
Altererythrobacter sp. + Phytophthora citrophthora 24.00d
Mpycobacterium gadium + Phytophthora citrophthora 11.00 ghi
Mycobacterium gadium + Phytophthora citrophthora 14.70 ef
Bacillus cereus + Phytophthora citrophthora 8.70 hi
Bacillus licheniformis + Phytophthora citrophthora 24.00d
Kytococcus schroeteri + Phytophthora citrophthora 54.00 b
Nocardioides aromaticivorans + Phytophthora citrophthora 9.70 hi
Mycobacterium gadium + Phytophthora citrophthora 14.70 ef
Paracraurococcus sp. + Phytophthora citrophthora 13.70 efg
Methylopila oligotropha + Phytophthora citrophthora 12.00 fgh
Mycobacterium aurum + Phytophthora citrophthora 23.3d
Kocuria palustris + Phytophthora citrophthora 12.00 fgh
Cellulosimicrobium sp. + Phytophthora citrophthora 22.70d
Arthrobacter crystallopoites + Phytophthora nicotianae 9.00 hi
Psychrobacillus psychrodurans + Phytophthora nicotianae 79.00 a
Curtobacterium flaccumfaciens + Phytophthora nicotianae 22.70d
Okibacterium fritillariae + Phytophthora nicotianae 23.70d
Altererythrobacter sp. + Phytophthora nicotianae 24.00d
Mycobacterium gadium + Phytophthora nicotianae 10.30 ghi
Mycobacterium gadium + Phytophthora nicotianae 13.70 efg
Bacillus cereus + Phytophthora nicotianae 8.70 hi
Bacillus licheniformis + Phytophthora nicotianae 24.00d
Kytococcus schroeteri + Phytophthora nicotianae 77.00a
Nocardioides aromaticivorans + Phytophthora nicotianae 11.00 ghi
Mpycobacterium gadium + Phytophthora nicotianae 11.30 fghi
Paracraurococcus sp. + Phytophthora nicotianae 80.00a
Methylopila oligotropha + Phytophthora nicotianae 16.30 ¢
Mycobacterium aurum + Phytophthora nicotianae 22.70d
Kocuria palustris + Phytophthora nicotianae 12.00 fgh
Cellulosimicrobium sp. + Phytophthora nicotianae 22.70d

IR SRR et W Jez| o ;3 LSD Ol elal s S ie G S gl Jilus &S ol Sl

Means that have at least one letter in common are not significantly different from each othet based on the LSD test at
the 1 percentage probability level.
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Table 4. Analysis of variance of virulence severity on seedling Bakraii at the base of fresh weight and dry weight
of stem and root, length of stem and root, and disease index.

Source of DF  Mean Squares
Variation Rootdry  Root fresh  Stemdry  Stem fresh  Root Stem .
. . . . ) Disease
weight weight weight weight length height Index
(8) (8) (8) (8) (cm) (cm)
Pathogen (A) 3 5.25%%* 5.13%%* 1.60%* 0.74%* 1.00™ 37.12%* 32.13%*
Biocontrol agent (B) 7 27.43%* 32.28%%* 1.53%* 4.81%* 48.16**  302.35%*%  4773%*
AXxB 21 2.01%** 2.57** 0.40%** 0.56** 1.00%* 13.9%* 7 1.09%*
Error 64 0.06 0.06 0.03 0.08 0.38 1.58 0.11
CV% 3.44 2.02 2.77 1.96 4.12 1.58 19.81

MJDQJL@-\CEMJD)‘DW})‘JJWJ:&%JS4.3**_51'15
ns and** are none significant and significant at 1% probability level, respectively.

[ ]

%]

Disease Index

e st er o thores FPhyrophthora nicomanas Phytephithera citrophthora
Treatments + Phytephthiora nicefanas
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Fig 1. Mean of Disease index of sedleeng Bakraii: Numbers 0 to 4 are graded based on the clinical signs of the
disease listed in the text.

bl 0 s dals (A Psychrobacillus psychrodurans, B: Kytococcus schroeteri, C:Paracraurococcus sp., AB:

Psychrobacillus psychrodurans + Kytococcus schroeteri, BC: Kytococcus schroeteri + Paracraurococcus sp., AC:
Psychrobacillus psychrodurans + Paracraurococcus sp., ABC: Psychrobacillus psychrodurans + Kytococcus schroeteri
+ Paracraurococcus sp.

P. s Paracrauroccus sp. K schroeteri 03 45 Comn ) i

s S Jlea hrod.
s e de s S gl o2 psychrodurance ol s dsder ) ol il el

Jsb BB (F Jyi) uwi-'L_-” awslie 5 (Y )
J_?u)‘} cél_w&_.iﬁ-j ABLAJS'Q)} ‘4_,‘,‘:‘,_.,‘) d)lﬂ caslos

el L avolie 53 gl sl el Aol w5
i b Gl pde 5 bl Slagg ;SL G5 wle pde)

s (S la -,
A (S slen slagy Glag,SL L o5l oS sl Olis aiu; Sast 5 adoy
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Table S. Mean comparison of Disease index on seedling Bakraii

Treatment combination

Disease Index

Pathogen Endophytic bacteria
control 4.00°
A 3.00°
B 2.00‘1:
. C 1.66°
Phytophthora citrophthora AB 5 33¢d
AC 2.00%
BC 1.66%
ABC 1.33%
control 4.00°
A 3.00°
B 2.00:e
.. C 2.66
Phytophthora nicotianae AB 1 33%
AC 1.008
BC 1.008
ABC 1.33%
control 4.00°
A 2.66"
B 1.66%
Phytophthora citrophthora C 2.66™
+ Phytophthora nicotianae AB 3.00°
AC 2.00%
BC 1.33%
ABC 3.00°

Control: ..Ul o5 A: Psychrobacillus psychrodurans, B: Kytococcus schroeteri, C: Paracraurococcus sp. AB: Psychrobacillus

psychrodurans s Kytococcus schroeteri, BC: Kytococcus schroeteri + Paracraurococcus sp. , AC: Psychrobacillus psychrodurans +

Paracraurococcus sp. , ABC: Psychrobacillus psychrodurans + Kytococcus schroeteri + Paracraurococcus sp. (LSD test; p < 0.01)

dald o Gl 5 A1 OLES s e Dl Ao 5
peS A el Bl Jyb a5l As s \V/AY
35 o yeam bl i s (e Sl VYY) Bl Jsb
03 5 ud s bl Lo U s pds 50 5 Solen 455

NG
Bl S5y 503

J::LJ (¥ J}J}) laoals m}l.i‘)‘j d‘ij"': GLZ: wLM‘ 2
55 Sl el (il slags L ile
U:il_:ﬂ 4_~v.~s‘u.a @l_:_v R L)bﬁ)‘bw Loy
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6Ln€Jl_§ i e 53 =l S LS 03 4 T ) Do 5 (S 5 5 120) Cudglil lag 5SL 30 wfa\.:n dg e N J g0
\a o1 S 5 5 Phytophthora citrophthora ; Phytophthora nicotianae § ,\lws

Table 6. Comparison of the mean effect of endophytic bacteria (separate andcombined) on Biomass parameter of
fungal-like pathogenic Phytophthora nicotianae , Phytophthora citrophthora and their combinations.

Biomass parameter

Treatmen combination Mean of Meanof Meanof Meanof Meanof Mean
Pathogen Endophytic stem stem stem root root of root
bacteria height fresh dry fresh dry length
(cm) weight weight weight weight (cm)
(9] (2 (9] (9]
- control
A 79.33%  15.06%"  6.50* 11.00%  4.00' 15.33%
B 85.00™ 15267  6.36% 14.00° 8.00° 17.66°
C 80.00°  14.43"  6.06%" 12.00°¢ 5.00* 14.66%
AB 83.00¢  15.13%t  5.73f 14.00° 8.00° 16.66™
AC 75.33 13.93% 580 11.33% 500" 16.00
BC 87.33" 15.00°" 6.16  11.50°  7.00% 15.00%
ABC 83.00°  16.03° 6.96 14.00° 8.00° 14.00%
Phytophthora citrophthora control 71334 13.50' 5.76" 11.03%  3.50" 11.00°
A 70.66' 14835  6.80"® 13.10° 4.00' 15.33%
B 84.00%¢  15.83"  6.80% 14.00° 4.16' 17.66°
C 79.00%"  15.63*°  6.80% 12.00°¢ 5.00 14.66%
AB 83.00°  15.63*°  6.80% 13.90° 5.73" 16.66™
AC 76.00" 15.16"¢  6.80® 12.00°¢ 4.93% 16.00
BC 87.00° 15.83%  6.86™ 14.23° 7.50° 15.00%
ABC 86.66" 1593  6.90" 13.93° 5.50" 14.00%
Phytophthora nicotianae control 70.66' 13.63¢ 570 7.13¢ 3.20™ 11.00°
A 72.00M 14765 576" 10.83°¢ 4.00' 15.33%
B 84.00™  15.10%t  5.80°F 13.70* 8.00° 17.66
C 79.00%  15.00°"  5.73f 11.90°¢ 5.00* 14.66
AB 83.00° 1556  5.80°F 13.90° 8.00° 16.66™
AC 75.33 15.50*°  5.80 11.23%  5.00* 16.00
BC 87.33° 15.70*%  6.80% 14.20° 7.30¢ 15.00%
ABC 82.66°  15.56™°  6.80% 14.16*  6.80°F 14.00%
Phytophthora citrophthora + control 70.33! 13.66"  5.70° 10.86°¢ 3.40™ 9.008
Phytophthora nicotianae A 73.66"% 1386 570" 11.20% 343" 15.335
B 80.00 1556  6.80% 13.90° 6.33¢8 17.66°
C 80.00  15.00°"  6.80% 1150 4.86" 14.66%
AB 82.66°° 1546  6.80% 13.86° 6.40% 16.66™
AC 76.33" 1546  6.80% 11.50¢¢  5.10% 16.00
BC 81.66% 1550  6.80% 13.76* 7.86%® 15.00%
ABC 80.00°  15.33"T .80 13.00° 5.301 14.00%

Control: .51 0sac A: Psychrobacillus psychrodurans, B: Kytococcus schroeteri, C: Paracraurococcus sp. AB:
Psychrobacillus psychrodurans s Kytococcus schroeteri, BC: Kytococcus schroeteri + Paracraurococcus sp. , AC:
Psychrobacillus psychrodurans + Paracraurococcus sp. , ABC: Psychrobacillus psychrodurans + Kytococcus

schroeteri + Paracraurococcus sp. (LSD test; p <0.01).
AL U b gl e SN Aoy K Jlez! g ;> LSD 09051 bl S e B glyls sla Kl

Average that have at least one letter in common are not significantly different from each othet based on the LSD test at
the 5 percentage probability level.
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