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Effect of different population of some probiotic bacteria in amount of defense
enzymes, microelements uptake, chlorophyll and carotenoids in pistachio
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ABSTRACT

Colonization and population of antagonistic bacteria on rhizosphere have a definite role on their antagonistic
effect. In this study in order to determine optimal population density of antagonistic bacteria, in a way that
they would be able to induce maximal defensive power in plant, and also in order to investigate effect of
initial inoculated population and amount of plant defense enzymes, microelements uptake, chlorophyll and
carotenoids; level of peroxidase, polyphenol oxidase, phenylalanine ammonia lyase, total phenolic
compounds, total protein, Zn, Fe, Mn, chlorophyll a, chlorophyll b, total chlorophyll and carotenoids in
population of 10%, 10° and 108 of four antagonistic bacteria Pseudomonas fluorescens VUPFS5, P. fluorescens
T-17, Bacillus subtilis V1 and B. subtilis 96 in Sarakhs cultivar of pistachio was measured. Experiments were
done in randomized complete block design with three replications per each treatment. Studies showed in the
measured factors despite of diverse results in bacterial populational treatments, all populational treatments
follow a constant pattern in a way that along with increasing in bacterial population, amount of measured
enzymes, total phenol content, microelements, chlorophyll and carotenoids increases.
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Fig 1- Activity of peroxidase enzyme in different populational treatments of VUPF5, T-17, V1 and B96
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Table 1- Grouping of obtained data from the peroxidase activity at 1% probability in different population
of VUPF5, T-17, V1 and B96 strains

Grouping at 1% probability Mean Population(CFU/ml) Treatment
A 1/46 108 T-17
B 0/77 10° T-17
C 0/58 10* T-17
C 0/55 10° 96
D 0/42 10° 96
E 0/28 108 V1
E 0/24 10° V1
E 0/24 10* 96
F 0/12 10* V1
FG 0/09 108 VUPF5

GH 0/03 10° VUPF5
GH 0/03 10* VUPF5
H 0/005 Control
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Fig 2- Activity of polyphenol oxidase enzyme in different populational treatments of VUPF5, T-17, V1
and B96 strains
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Table 2- Grouping of obtained data from polyphenol oxidase activity at 1% probability in different
population of VUPF5, T-17, V1 and B96 strains

Grouping at 1% probability Mean Population(CFU/ml) Treatment
A 1/88 108 T-17
B 1/64 108 V1
BC 1/45 108 VUPF5
c 1/37 10° VUPF5
CD 1/35 10° T-17
DE 1/14 108 96

E 1/12 10° V1

E 1/12 10° 96

E 1/07 10* V1

E 1/06 10* VUPF5
E 1/05 10°* 96

E 0/91 10* T-17

F 0/18 Control
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Fig 3- Activity of phenylalanine ammonia lyase enzyme in different populational treatments of VUPFS5,
T-17, V1 and B96 strains
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Table 3- Grouping of obtained data from polyphenol oxidase activity at 1% probability in different
population of VUPF5, T-17, V1 and B96 strains

Grouping at 1% probability Mean Population(CFU/ml) Treatment
A 2/69 108 T-17
1/91 10° T-17
BC 1/65 10° 96
BC 1/63 10* T-17
BC 1/58 10° 96
BC 1/57 108 V1
BCD 1/39 10° V1
CcD 1/19 10* V1
DE 0/95 10* 96
EF 0/46 108 VUPF5
F 0/28 10° VUPF5
F 0/26 10* VUPF5
F 0/08 Control
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Fig 4- Amount of total phenol in different populational treatments of VUPF5, T-17, V1 and B96 strains
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Table 4- Grouping of obtained data from amount of total phenol content at 1% probability in different
population of VUPF5, T-17, V1 and B96 strains

Grouping at 1% probability Mean Population(CFU/ml) Treatment

A 24/70 108 T-17
AB 23/21 10° T-17
AB 23/14 108 \1
AB 22/9 108 VUPF5
AB 22/73 10° VUPF5
AB 22/52 10* T-17
AB 21/33 108 96
AB 20/83 10° 96

B 20/11 10* VUPF5
BC 19/29 10° V1
CcD 15/89 10* 96
DE 13/62 10* V1

E 10/04 Control
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Table 5- Statistical interactions of treatment*population in amount of peroxidase, polyphenol oxidase,
phenylalanine ammonialyase and total phenolic compounds

Mean of squares

Total phenol Polyphenol Polyphenol
content oxidase oxidase
83047 1197+ 0179+
177 17/99 11/9
4/84 0/08 0/01

Peroxidase Degree of
freedom Sources of variation
0/25%* 14 Treatment*Population
19/12 Coefficient of variation
0/002 Error

** Significant differences at 1% probability level
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Fig 5- Amount of Zn, Fe and Mn elements in different populational treatments of VUPF5, T-17, V1 and B96 strains
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Table 6- Grouping of obtained data from amount of Zn, Fe and Mn at 1% probability in different
population of VUPF5, T-17, V1 and B96 strains

Fe In
Grouping at Mean Population Treatment Grouping at 1% Mean Population Treatment
1% probability (CFU/ml) probability (CFU/ml)
A 221/45 108 T-17 A 34/8 108 Al
AB 210/05 108 Vs B 31/05 108 96
AB 192/90 108 V1 BC 28/55 108 Vs
BC 180/40 108 V5 CD 2715 108 T-17
CcD 155/45 108 V1 CDE 27/05 108 vl
CcD 154/05 10* Vs DEF 253 108 96
CcD 151735 108 T-17 DEFG 24/65 108 V1
CDE 147/25 108 96 EFG 243 10% V1
DEF 123/05 10* T-17 FGH 2218 108 T-17
EFG 115/15 10* Vi1 GH 2119 10* Vs
FG 109/16 108 96 H 20/85 10* 96
87135 10* 96 H 19/75 10* T-17
33/75 B Control I 12175 _ Control
Mn
Grouping at 1% Mean Population(CFU/ml) Treatment
probability
A 10/45 108 96
B 8/55 10° 96
BC 7/80 108 Vi
C 7/10 10% V5
D 5/70 108 T-17
D 5/56 10* 96
DE 5/05 10¢ Vi1
DE 4/60 108 V5
EF 4/10 10¢ T-17
FG 3/20 10 T-17
GH 2/65 10% Vi
GH 2/60 104 Vs
H 1/50 Control
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Table 7- Statistical interactions of treatment*population in amount of microelements

Mean of squares

Mn Fe Zn Degree of
freedom Sources of variation
22/94%* 11477/4914%* 131727+ 14 Treatment*Population
14/56 14/86 7/48 Coefficient of variation
0/48 373/06 2/99 Error

**- Significant differences at 1% probability level 7Y i o GBS 592
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Fig 6- Amount of chlorophyll a, chlorophyll b and total chlorophyll (mg/gr fw) in different populational
treatments of VUPF5, T-17, V1 and B96 strains
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Table 8- Grouping of obtained data from amount of chlorophyll a, chlorophyll b and 100,050,
total chlorophyll at 1% probability in different population of VUPF5, T-17, V1 and B96 strains
Chlorophyll a Chlorophyll b
Grouping at 1% Mean Population Treatment Grouping at 1% Mean Population Treatment
probability (CFU/mI) probability (CFU/ml)
A 0/95 108 T17 A 1/60 108 VUPFS
AB 0/88 106 T17 A 1/56 10¢ VUPFS
AB 0/88 108 Vi1 AB 1/45 108 9%
AB 0/83 108 VUPF5 B 1/33 10 VUPF5S
AB 0/81 108 96 B 1/33 108 T-17
ABC 0/79 10* T-17 C 0/79 10 T-17
ABC 0/78 106 96 D 0/53 108 Vi
ABC 0/78 10* 96 DE 0/46 10° Vi
BC 0/74 108 Vi1 DE 0/45 10° 96
BC 0/73 108 VUPF3 DE 0/39 104 9%
BC 071 10¢ VUPF35 DE 0/36 10+ T-17
0/63 10 Vi EF 0135 10¢ Vi
D 0/43 _ Control F 017 B Control
Total chlorophyll
Grouping at 1% Mean Population(CFU/ml) Treatment
probability
A 2/33 108 VUPF5
A 2/26 10° VUPF5
A 2/24 108 96
A 2/16 10+ VUPFS
A 2/06 108 T-17
AB 1/67 108 T-17
B 1/37 108 V1
BC 1/25 10+ T-17
BC 1/20 10% V1
BC 1/18 108 96
BC 1/01 10* 96
BC 0/96 10* V1
C 0/55 Control
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Dissimilar letters show significant differences between the means
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Fig 7- Amount of carotenoid (mg/g fw) in different populational treatments of VUPF5, T-17, V1 and
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Table 9- Grouping of obtained data from amount of carotenoids at 1% probability in different population
of VUPF5, T-17, V1 and B96 strains

Grouping at 1% probability Mean Population(CFU/ml) Treatment
A 0/89 108 VUPF5
A 0/87 10° 96
A 0/86 10° VUPF5
A 0/85 10* VUPF5
A 0/77 108 T-17

AB 0/67 10° T-17
BC 0/54 108 V1
BC 0/51 10° 96
BC 0/48 10* T-17
CD 0/39 10* 96
CD 0/39 10° V1
CD 0/39 10* V1
D 0/21 Control
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Dissimilar letters show significant differences between the means
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Table 10- Statistical interactions of treatment*population in amount of chlorophyll a, chlorophyll b, total
chlorophyll and carotenoids

Mean of squares

Carotenoids Total Chlorophyll b
chlorophyll
/15 1/04%+ /90%*
23/51 25/76 13/08
0/01 0/14 0/009

Chlorophylla  Degree of
freedom Sources of variation
/08** 14 Treatment*Population
12/56 Coefficient of variation
0/008 Error

** Significant differences at 1% probability level
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