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Interactions between Paecilomyces formosus and Bacillus pumilus strains in occurrence
and development of pistachio tree die back

E. TAVASOLI', N. HASANZADEH?®, M. MORADI®, P. KHODAYGAN?*, C. PROBST®
1 and 2. Department of Plant Protection, Faculty of Agricultural Sciences and Food Industries, Science and Research Branch, Islamic Azad
University, Tehran, Iran; 3. Pistachio Research Center, Horticultural Science Research Institute, Agricultural Research, Education and
Extension Organization (AREEO), Rafsanjan, Iran; 4. Department of Plant Protection, Faculty of Agriculture, Vali-e-Asr University,
Rafsanjan, Iran; 5. Agriculture Technology and management Department, University of Applied Sciences Upper Austria, School of
Engineering, 4600 Wels, Austria

Abstract

Pistachio die-back is one of the most important and prevalent diseases of pistachio orchards, causing severe reduction of pistachio yield.
Due to the important role of bacteria in the occurrence and development of pistachio die-back, the interaction of Bacillus spp. and Paecilomyces
formosus was investigated in this research. The isolates of both groups were injected beneath of the inner bark of branches (Ohadi cultivar) using
sterile syringes alone or in mixture. According to the results, Bacillus pumilus and P. formosus isolates were able to cause disease on the
branches, with longitudinal developments in vascular tissue. Bacterial isolates alone caused lesions ranged 4.5-14 cm in inoculation sites. Mix
inoculations, significantly, increased disease development in xylem varied 10-32 cm. Based on morphological, biochemical and molecular
properties, isolation of B. pumilus strains is reported for the first time as one of the causal agents of pistachio die-back in Iran.
Keywords: interaction, pistachio, dieback, Bacillus spp., Paecilomyces formosus
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Fig. 1. Locations of sampling areas in Kerman province.
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Fig. 2. Symptoms of pistachio dieback in Kerman orchards.

a-c) Visible dieback and discoloration of branchs and leaves. d)
Development of pistachio dieback and its symptoms on surface of
bark. e and f) Transverse and longitudinal cracks of bark. g)
Symptoms of bacterial and fungal infections (brown to black wood
discoloration on part or all of the wood tissue) in xylem vessels at the
cross-section. h-k) Typical symptoms of bacterial infections (brown
to black spots) in xylem vessels at the cross-section.
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Table 1. The primer characteristics and PCR program used in this study.

. Amplicon
Primer Target . Sequence PCR Program Source
Size (bp)
94, 9 min
fD1 5'-AGAGTTTGATCCTGGCTCAG-3' 94,30s
16SrDNA 1500 56, 30 s x 30 Weisburg et al., 1991
rD1 5-AAGGAGGTGATCCAGCC-3' 72,90s
72,10 min
94, 4 min
gyrA-42f 5'-CAG TCAGGA AAT GCG TAC GTC CTT-3' 94,30s
gyrA 928 60, 30 s x 35 Chun and Bae, 2000
gyrA-1066r 5'-CAA GGT AAT GCT CCA GGC ATT GCT-3' 72,1 min

72,10 min
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Fig. 3. Macroscopic and microscopic features of

Paecilomyces formosus. a,b) Fungal colony on PDA medium.
c,d) Mycelium, conidiophores and phialides. e,f) Conidia.
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Table 2. Comparison of longitudinal progression of disease symptom of Bacillus pumilus, twenty days after inoculation of pistachio branches under
laboratory conditions.

Data with the same letter are not significantly different by Duncan test at p<0.01.

Bacillus pumilus

Vascular discoloration

Bacillus pumilus

Vascular discoloration

isolates (cm) isolates (cm)

B1 5.25+0.53 c-f B21 1.75+0.18 i-0
B2 4.75+0.53 d-g B22 1.00 £ 0.07 k-0
B3 9.00+£0.35 a B23 350+0.14 f-i

B4 350+0.35 f-i B24 4.75 +0.53 d-g
B5 0.75+0.18 l-o B25 8.00 £ 0.35 ab

B6 2.25+0.53 h-m B26 2.75+£0.18 h-k
B7 3.00 £ 0.35 g B27 0.75+0.18 l-o
B8 3.50+0.35 f-i B28 0.00 £ 0.00 )

B9 1.00 £ 0.07 k-0 B29 225+0.18 h-m
B10 2.75+0.53 h-k B30 3.75+0.53 e-h
B11 3.75+0.18 e-h B31 3.50+0.35 f-i

B12 0.50 £ 0.07 m-0 B32 5.75+£0.53 cd
B13 0.75+0.18 l-o B33 2.75+£0.18 h-k
B14 1.75+0.18 i-0 B34 0.25+0.04 no
B15 2.50 +£0.35 h-1 B35 2.00+ 0.07 h-n
B16 0.00 +0.00 0 B36 1.50 £ 0.07 j-0
B17 2.75+0.18 h-k B37 0.00 +0.00 0

B18 550+0.71 c-e B38 7.75+£0.53 ab
B19 2.00+0.35 h-n B39 3.75+£0.53 e-h
B20 2.50+0.07 h-1 B40 7.00 £1.00 bc
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Bacillus pumilus B3 (}5}5)%‘ Lo Siale (d (o xal Jlaie <) s (€ .24« Bacillus pumilus B3 54l (b

A e 0L 1 Siabe Jee O, S Paecilomyces formosus 19Bb1

Fig. 4. The symptoms of pistachio twigs after inoculation under field conditions. a) Inoculation of Paecilomyces formosus 19 Bb1. b) Inoculation of
Bacillus pumilus B3 alone. c) No-inoculations control. d) Mix inoculations of B. pumilus B3 and P. formosus 19 Bb1.

The tip of the arrow shows inoculation point.
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Table 3. Comparison of longitudinal progression in disease symptom of Bacillus pumilus, and combination with Paecilomyces formosus under field
conditions.
Data with the same letter are not significantly different by Duncan test at p<0.01

Bacillus pumilus ~ Vascular discoloration

Bacillus pumilus and Paecilomyces formosus

Vascular discoloration

isolates (cm) isolates (cm)

B1 9.25+1.59 f-h B1+PF 2350+ 1.77 be
B2 7.00 +1.06 gh B2+PF 12.75+0.53 ef
B3 13.50 £ 0.35 ef B3+PF 32.00£2.12 a

B11 5.75+0.88 h B11+PF 10.00 £ 0.71 f-h
B18 5.75+0.53 h B18+PF 11.75+0.53 e-g
B24 9.00 +1.06 f-h B24+PF 15.25+0.88 de
B25 11.00£0.71 e-g B25+PF 21.50+1.41 be
B32 5.50 +£0.35 h B32+PF 11.25+0.88 e-g
B38 13.75+0.18 ef B38+PF 25.25+0.88 b

B40 9.25+0.53 f-h B40+PF 19.50 £ 1.77 cd

) Jmli.i.iuﬂ byl 5 o g Ol 5 (glaasli ow > Bacillus pumilus cilsee slag i Siale 51 ol =3 Jsb bloly a5 -8 J g

Table 4. Inoculation analysis of isolates of Bacillus pumilus in pistachio branches under laboratory and field conditions.

Source Type 111 Sum of quares df Mean quare F P value
Laboratory inoculation
Isolates 400.987 39 10.282 16.040 000
Error 25.640 40 641
Total 1152.640 80
Orchard inoculation
VAR00002 1986.125 19 104.533 22.663 .000
Error 92.250 20 4.613
Total 9504.000 40
t-Test analysis

F t df Sig. (2-tailed) Mean Difference Std. Error Difference
15.399 5.204 26.06 000 -9.30000 1.78700
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Table 5. Phenotypic characteristics of Bacillus pumilus strains
isolated from Pistachio orchards in Kerman province.

Characteristic Reaction Characteristic Reaction

Shape of cell Rod Growth at pH 5
Motility + Voges-Proskauer test +
Gram reaction + Utilization of :
Anaerobic growth + citrate +
Catalase production + N-Acetylglucosaminey
Urease - D-Mannitol +
Gelatin hydrolysis + D-Arabinose
Casein hydrolysis + D-Cellobiose -
Starch hydrolysis - Dulcitol -
Arginine dihydrolase
activity - Glycerol -
Fluorescence on KB .

. - Inulin -
medium
Nitrate reduction - D-Rhamnose -
Tobacco
hypersensitive + D-Sorbitol
reaction
Ice nucleation - L-Sorbose -
Lecithinase (egg yolk) - D-Xylose +
Growth at 45°C - L-arabinose +
Growth in 5% NaCl + D-glucose +

Lfi'w‘}'l.'«s‘} MGV ui;S\) +



Wy Ol )3 SASKES o Ol & ZEY Bacillus pumilus sla« 4w 5 Paecilomyces formosus jiSes  :01,Ken 5 Ju s Yy

=E]

E38

KT003256.1
ET307977 1
KT003271.1
KP192031.1
KMBT5958, 1
KMET5943 .1
JO303588 1
IWNA0B467 1
KY 1273131
KMIES4E4 1
KM265461.1
MES21062.1
KYE20941.1

KC?HI]% 1 .
5,‘ WKCTT1049 1 Sub group 11

[ ——.
Dupo0z

MN?D#331 1 7
MFn?ﬂs? 1 Sub group |

—  Group |

—

—  Subgroupl [~ Groupll

MFo771sa1 _J— Subgroup I _|
MN704399.1-0UT GROUP

w250 5l eslizal b o sl B38 5 B25 B3 (slasyliz 53 16S IDNA 5 U s 20 55 sla Il 5T 51 Jol (Sl o ps -0 K2
23 ol 03,8 Olsea (MNT704399.1) Bacillus safensis (s 2S5 Mg 5l .as rlqa’" OIS Vv v L bootstrap 5 p-distance J. 5 Neighbor-joining
oS sslied ol S5k
Fig. 5. Phylogenetic tree on the basis of 16S rDNA sequence B3, B25 and B38 B. pumilus isolates using neighbor-joining algorithm,

p-distance method and bootstrap consisting of 1,000 pseudoreplicates. Nucleotide sequences of Bacillus safensis (MN704399.1) was used as an out
group to root the tree.
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