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Introduction: Plant growth promoting rhizobacteria (PGPR) are 
widely used in protecting plants against pathogens in horticultural 
crops. 

Materials and Methods: In the current study, the effects of two 
bacterial strains, i.e. Pseudomonas fluorescens VUPF5 and Bacillus 
subtilis Bs96 were evaluated on plant growth and antioxidant 
enzymatic activities, such as GPX, PPO, and PAL, either inoculated 
with Phytophthora drechsleri or alone, in two pistachio cultivars of 
Sarakhs and Badami-Rize-Zarand.  

Results: The two bacterial strains reduced the mortality rate of 
pistachio seedlings and increased growth parameters, such as dry 
and fresh weights of plants’ roots, shoots, and height. The 
enzymatic activities and levels of phenolic compounds increased in 
seedlings after inoculation with the two bacterial strains and P. 
drechsleri. The maximum enzymatic activities were observed on the 
6th day after co-inoculation with the bacterial strains and  
P. drechsleri.  

Conclusions: Pseudomonas fluorescens VUPF5 resulted in the 
highest levels of enzymatic activities and phenolic compounds.  
The highest levels of enzymatic activities and phenol contents were 
found in Badami-Rize-Zarand cultivar, with a highest level of 
resistance to P. drechsleri. 
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Root and crown rot (gummosis) of 

pistachio trees (Pistacia vera) are from among 
the major diseases in pistachio orchards 
caused by several Phytophthora spp [1].  
The most common species include P. 
megasperma [2] and P. drechsleri [3]. Several 
approaches have been used to manage root and 
crown rot of pistachios, including cultural, 
chemical, and biological controls [4, 5]. 

Plant growth-promoting bacteria (PGPB) 
are soil-borne and facilitate plant growth by 
several direct and indirect mechanisms.  
The direct mechanisms include the production 
of phytohormones, N2 fixation, phosphate 
solubilization, and siderophores production, 
while indirect mechanisms include fighting 
against phytopathogens [6] and stimulating the 
host plant defense system by the colonization 
of roots [7]. 

Induced resistance is a phenomenon that 
enhances the ability of the plant defense 
system using biotic and abiotic agents [8]. The 
induced resistance could be stimulated by 
siderophores, outer membrane 
lipopolysaccharide (LPS), bacterial flagella, or 
microbe-associated molecular patterns 
(PAMPs or MAMPs), during the root 
colonization process by rhizobacteria [9]. The 
role of lipopolysaccharides in the outer 
membrane of Gram-negative bacteria, 
especially o-antigen, siderophores, and flagella 
[10] has been verified in induced resistance. 

During ISR, several defense-enhancing 
enzymes, such as chitinase, -1,3-glucanase, 
peroxidase (PO), polyphenol oxidase (PPO), 
phenylalanine ammonia lyase (PAL), ascorate 
peroxidase (APX), superoxide dismutase 
(SOD), catalase (CAT), lipoxygenase (LOX),  

 
and proteinase inhibitors are released; besides, 
phytoalexins and phenolic compounds are 
accumulated [11].  
There is limited information on the role of ISR 
induced by PGPR bacteria to control root and 
crown rot in pistachios; therefore, this study 
was conducted aimed at investigating the 
effects of the plant defense mechanism, 
measured as enzyme and phenol compounds, 
to control root and crown rot in pistachios, 
caused by P. drechsleri. 
 
 

2.1. Plant growth 

Two pistachio cultivars (Sarakhs and 
Badami-Rize-Zarand) were used in this study. 
To establish the cultivars in soil, a method 
introduced by Moradi [12] was used, with 
some modifications. In brief, the seeds were 
kept in sterile distilled water for 24h, before 
being soaked in a fungicide (Iprodione+ 
Carbendazim, of the commercial grade, 2g L-1) 
for 5min and then placed in the mixture of 
sand-perlite (1-1, V/V) for germination at 
28°C for 5 days. Seven germinated seeds were 
sown in 4kg of plastic pots containing sand 
soil, pH 7.2, and EC 2.3ds.m-1.  

2.2. The preparation of P. drechsleri 
inoculum 

A virulent isolate of phytophthora 
drechsleri taken from infected trees was 
retrieved from the culture collection of the 
Pistachio Research Center (PRC), where it had 
been maintained on corn meal agar (CMA). 
The inoculum was produced on the rice 
substrate as described by Holmes and Benson 
[13]. In brief, 25g of rice grains and 18ml of 
deionized water were added to a flask and 
autoclaved twice for 30min on two  

1. Introduction 

2. Materials and Methods 
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consecutive days. The autoclaved rice was 
inoculated with six plugs of 3-day old 
mycelium of P. drechsleri and then incubated 
for two weeks at 28°C.  

2.3. The inoculation of P. drechsleri on 
pistachio seedlings 

Two-month-old pistachio seedlings were 
inoculated by 5g of P. drechsleri of colonized 
rice around seedling roots and then were 
covered with soil. Control plants were 
inoculated with 5g of sterile rice [13]  

2.4. The inoculation of bacterial inoculum 

Pseudomonas fluorescens VUPF5 and  
B. subtilis Bs96 were retrieved from the PGPR 
collection center of Vali-e-Asr University of 
Rafsanjan, Iran. The inoculum of the two 
strains was prepared on nutrient agar (NA ) at 
28°C for 24h. The suspension of bacterial 
strains was prepared in sterile distilled water, 
and the concentration was adjusted at 40×1010 
CFU mL-1 (OD  0.5  at  540nm  =1010),  using  a  
spectrophotometer (U-2000, Hitachi 
Instruments, Tokyo, Japan). The 40ml 
suspension of each bacterial strain was added 
to each pot for soil drenching purposes (equal 
to 108 CFU g-1). 

2.5. The determination of shoot and root 
dry weight 

Forty five days after inoculation, the 
seedlings’ height from the soil surface to the 
terminal bud were measured using a ruler, the 
plants were uprooted from the soil and 
separated into shoots and roots, and were then 
weighed. The dry weights were then measured 
after oven-drying at 70ºC for 72h [14]. 

2.6. The determination of the mortality rate 
The mortality rate was obtained using the following 
equation [15]: 
X= 100– (100× A)/B 
X= Mortality rate, A= The number of infected 
plants in each treatment; 
B= The number of infected plants in control plants;  

 
2.7. The enzyme extraction and activity 
determination 

Fresh samples were collected on days 0 
(before), 3, 6, 9, and 12 after the inoculation of 
bacterial strains, P. drechsleri alone, or their 
combination. Five hundred milligrams of the 
fresh leaf tissue of pistachios were 
homogenized in 5ml of the 50mM potassium 
phosphate buffer, pH 7.2, containing 1mM 
EDTA  and  1%  (w/v)  soluble  PVP.  After  
centrifugation (4000rpm, 20min at 4°C), the 
supernatant was used for the determination of 
the activities of Guaiacol peroxidase (GPX), 
polyphenol oxidase (PPO), and Phenylalanin 
ammonia lyase (PAL) [16]. 

2.7.1. The guaiacol peroxidase (GPX) activity 
assay 

The GPX activity was done using the 
method introduced by Plewa et al. [17] The 
assay mixture contained 2.77ml of the 50mM 
potassium phosphate buffer (pH 7), 100 l of 
4% guaiacol,  100 l  of  1% H2O2, and 100 l of 
the diluted enzyme extract. To quantify GPX, 
the concentration of tetraguaiacol was 
measured spectrophotometrically by 
absorbance at 470nm, using the extinction 
coefficient of 25.5mM –1 cm–1. 

2.7.2. The polyphenol oxidase (PPO) activity 
assay 

The PPO activity was done using the 
method introduced by Nicoli et al. [18], with 
some modifications. The assay mixture 
contained 200 l of 0.02M pyrogallol, 2.5ml of 
the 50mM potassium phosphate buffer (pH 7), 
and 100 l of the diluted enzyme extract.  
The absorbance rate was measured in 420nm 
of the assay mixture based on the 
measurement of the pyrogallol oxidation by 
oxidative enzymes. 
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2.7.3. The phenylalanine ammonia lyase 
(PAL) activity assay 

The PAL activity was done by incubating 
the assay mixture containing 1mM of  
the extraction buffer, 0.5ml of 10mM  
L-phenylalanine, 0.4ml of deionized water, 
and 0.1ml of the enzyme extract for 1h at 
37°C. The reaction was stopped by the 
addition of 0.5ml of 6M HCl and was 
measured by absorbance at 260nm. One unit 
of the PAL activity was equal to 1 mol of the 
cinnamic acid produced per min [19]. 

2.7.4. The determination of total phenolic 
compounds 

The total phenolic contents were measured 
according to the Folin-Ciocalteaumethod [20]. 
In brief, the fresh leaf tissue of pistachio 
seedlings (0.5g) was extracted by 5ml of 95% 
ethanol and was kept in the dark for 48h. Next, 
0.5ml of the supernatant was mixed with 0.5ml 
of ethanol and 1.5ml of distillation water. 
Afterwards, 0.25ml of 50% folin regent and 
0.5ml of 5% carbonate sodium were added to 
the samples. The samples were kept for 1h, 
and the absorbance rate was measured at 
725nm. Gallic acid was used to produce the 
standard curve.  

2.8. The experimental design and data 
analysis 

The average of PAL, PPO, GPX, total 
phenol, and growth factors were calculated in 
each replication. The growth factor data were 
analyzed by the one-way ANOVA, while for 
the analysis of the enzymatic activity over 
time and cultivars, a factorial design was used. 
The mean comparisons were made using the 
Duncan's new multiple range test at 5% 
probability. SAS 9.1 (SAS Institute, Inc, Cary,  
 

NC, USA) was used to analyze the data and 
compare the means.  
 

 

3.1. Seedling growth 
Seedlings’ growth was measured using root 

fresh weight (RFW), shoot fresh weight 
(SFW), root dry weight (RDW), and shoot dry 
weight (SDW). The results demonstrated that 
the Plants’ height (H) was significantly 
affected by P. drechsleri, cultivars, bacterial 
strains, and their interactions (Table 1). Higher 
values were recorded in non-inoculated 
seedlings than the seedlings inoculated with  
P. drechsleri. Cultivar Badami-Rize-Zarand 
showed significantly higher values (P< 0.05) 
of all the estimated parameters. Bacterial 
strains resulted in an increase in the assessed 
growth factors in P. drechsleri inoculated and 
non-inoculated seedlings, compared to the 
seedlings not inoculated with bacterial strains. 
Concerning the dry weight of the roots, 
inoculation with bacterial strains alone or in 
combination with P. drechsleri resulted in 
2.25 and 3.75 times, and concerning the dry 
weight of the shoots, it resulted in 1.5 and 2.75 
times more than that of the control group in 
Badami cultivar, respectively. Similar results 
were observed in Sarakhs cultivar concerning 
the dry weight of the roots, the dry weight of 
the roots and the shoots after inoculation with 
bacterial strains alone were 2.43 and 1.37 
times, and in combination with P. drechsleri, 
it was 2.5 and 3.2 times more than that of the 
control group. Besides, Pseudomonas 
fluorescens VUPF5 resulted in stronger 
growth parameters compared to B. subtilis 
Bs96 (Table 2). The effects of inoculation with 
bacterial strains were more significant in 
Sarakhs cultivar than Badami cultivar. 

 

3. Results 
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Table1. Analysis of variance for growth parameters in pistachio seedlings inoculated with Phytophthoradrechsleriand bacterial strains alone and their combinations 
 

 
**–significant (P< 0.01), *significant (P< 0.05), ns-not significant 

 

Table 2. Ef cacy of Bacillus subtilis strain 96 and Pseudomonas fluorescent strain VUPF5 on growth parameters in pistachio seedlings either in inoculation with 
Phytophthoradrechslerior alone.  

 

Inoculation with Phytophthoradrechsleri  No inoculation with pathogen 

Cultivars Bacterial 
isolates 

Plant 
height 
(cm) 

Shoot fresh 
weight(g) 

root fresh 
weight(g) 

Shoot dry 
weight(g) 

root dry 
weight(g)  

Plant 
height 
(cm) 

Shoot fresh 
weight(g) 

root fresh 
weight(g) 

Shoot dry 
weight(g) 

root dry 
weight(g) 

Badami-Rize-Zarand 
VUPF5 8c 1.50b 3.96b 0.80b 0.75a  13.66a 1.85a 4.48a  0.91ab 1.06a 

96 8c 1.61b 3.20c 0.84b 0.72a  13.33a 2a 3.45c  0.96a 0.77a 

Control 6e 0.63d 0.78e 0.31c 0.20e  10.66b 1.16b 3c  0.64b 0.47b 

Sarakhs 
VUPF5 7cd 0.70d 1.23d 0.28c 0.25de  12.33ab 0.75d 1.65d  0.35c 0.39c 

96 6.66cde 0.80d 1.13e 0.32c 0.23e  11b 0.85c 1.37d  0.37c 0.32cd 

Control 5e 0.12f 0.76e 0.1d 0.1f  8.20c 0.43e 1.22d  0.27c 0.16e 

Means followed with different letters show significant differences at P< 0.05 (LSD) 

Source of variations df 
Mean Squares  

H SFW RFW SDW SRW 
Cultivars (C) 1 235.11** 8.20** 35.98** 2.31** 1.20** 

Bacterial strains (B) 2 17.69** 0.81** 5.32** 0.24** 0.28** 

P. drechsleri inoculation (D) 1 25** 0.80** 3.40** 0.24** 0.11** 

C× B 2 1.19ns 0.01ns 3.25** 0.04** 0.07** 

C× D 1 5.44* 0.54** 0.81** 0.04** 0.0004ns 

B× D 2 1.75ns 0.66** 1.19** 0.06** 0.01** 

C× B× D 2 0.69ns 0.21** 0.88** 0.01* 0.01** 

Error 24 0.91 0.01 0.02 0.003 0.001 
CV% 10.38 9.16 7.34 11.61 10.14 
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3.2. The seedling mortality rate 

The seedling mortality rate declined 
significantly (P< 0.05) by 50%and 75% in 
pistachio seedlings treated with P. fluorescens 
VUPF5 and B. subtilis Bs96, respectively.  
All pistachio seedlings inoculated with  
P. drechsleri died after 3 weeks from 
inoculation (Fig.1). 

3.3. The assessment of the enzymatic 
activity and the total phenol content in 
pistachio seedlings 

Induced systemic resistance (ISR) is an 
important factor in plants’ resistance to 
pathogens, being measured by enzymes, such 
as GPX, PPO, and PAL as well as the total 
phenol content. The levels of GPX, PPO, PAL, 
and the content of phenolic compounds in 
pistachio cultivars’ leaves were affected by  
P. drechsleri inoculation, bacterial strains, and 
their combination (Table 3). Seedlings 
inoculated with P. drechsleri had significantly 
higher levels of GPX, PPO, PAL, and phenolic 
compounds than the control group. Seedlings 
inoculated with a combination of P. drechsleri 
and bacterial strains had higher levels of GPX, 
PPO, PAL, and the total phenol content  

 
than the seedlings inoculated either with the 
pathogen or bacterial strains. The results also 
indicated that the estimated parameters 
increased shortly after inoculation and reached 
their maximum activity on the 6th day, but they 
declined after wards. When bacterial strains 
and the pathogen were applied simultaneously, 
the activities of GPX, PPO, and PAL 
amounted to 1.88, 1.68, and 1.26, respectively, 
being 1.35 times more than when bacterial 
strains were applied alone. 

Non-inoculated seedlings showed constant 
levels of GPX, PPO, PAL, and the total phenol 
content, during the 12 days of the assessment. 
Cultivar Badami–Rize–Zarand had a higher 
level of enzymatic activities and phenolic 
compound contents than Sarakhs. The 
activities of GPX, PPO, PAL, and the total 
phenol content in the leaves of Badami–Rize–
Zarand cultivar were about 60%, 57%, 72%, 
and59% higher than those of Sarakhs cultivar, 
respectively. In addition, P. fluorescens 
VUPF5 was more effective than B. subtilis 
Bs96 in inducing antioxidant activities in both 
cultivars (Fig.2-5). 
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Fig. 1: Effect of pistachio seedlings inoculated with bacterial strains and Phytophthora drechsleri on the 
mortality rate under greenhouse conditions. 
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Table 3. Analysis of variance for biochemical defence in pistachio seedlings inoculation with Phytophthora 

drechsleri and bacterial strains alone and their combinations 
 

–significant (P< 0.01), ns-not significant 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Guaiacol peroxidase (GPX) activity in Badami and Sarakhs pistachio cultivars after inoculation with 
Phytophthora drechsleri in combination with two bacterial strains (A) or the bacteria strains alone (B). 

Source of variations 
 Mean squares 

df GPX PPO PAL Total phenol 
Cultivars (C) 1 2.40** 2.81** 696.06** 925.97** 

Bacterial strains (B) 2 0.34** 0.07** 7.99** 10.64** 

P. drechsleri inoculation (D) 1 1.56** 0.39** 32.99** 34.94** 

Time (T) 4 1.06** 0.15** 57.82** 20.64** 

C× B 2 0.06** 0.009** 3.37** 1.17** 

C× D 1 0.33** 0.03** 32.47** 4.95** 

C× T 4 0.21** 0.005** 2.40** 1.64** 

B× D 2 0.08** 0.001ns 0.06** 2.60** 

B× T 8 0.03** 0.005** 1.5* 0.76** 

D× T 4 0.21** 0.035** 3.79** 2.42** 

C× B× D× T 30 0.01** 0.0008** 0.69** 0.20** 

Error 120 0.001 0.0004 0.20 0.08 
CV%  11.81 6.55 12.84 5.31 
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Fig.3: Polyphenoloxidase (PPO) activity in Badami and Sarakhs pistachio cultivars after inoculationwith Phytophthora 
drechsleriin combination with two bacterial strains (A) or the bacteria strains alone (B) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4: Phenylalanine ammonialyase (PAL) activity in Badami and Sarakhs pistachio cultivars after inoculation with 
Phytophthora drechsleri in combination with two bacterial strains (A) or the bacteria strains alone (B) 
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Fig. 5: Total phenol content in Badami and Sarakhs pistachio cultivars after inoculation with Phytophthora drechsleri 
in combination with two bacterial strains (A) or the bacteria strains alone (B) 

 

 
 
In recent years, considerable emphasis has 

been placed on the biocontrol of plant 
diseases. PGRP bacteria can colonize plant 
roots, stimulate plantgrowth, and reduce the 
incidence of diseases. These bacteriacause a 
significant increase in plant growth by 
producing plant hormones, providing 
nutrients, and colonizing plant roots. The use 
of PGPR bacteria has been reported to lead to 
an increase in several growth indicators, such 
as the germination rate, root growth, shoot and 
root weights, chlorophyll contents, the leaf 
area, and the biocontrol of pathogens [21]. 
These bacteria produce indoleacetic acid 
(IAA) that causes the elongation of roots and 
improves nutrient uptake by plants. Kidoglu et 
al. [22] reported that PGPR increased plant 
growth by increasing IAA generation in 
tomatoes, peppers, and cucumbers. The 
members of the genus Pseudomonas are 
highly competitive compared with other 
microorganisms due to their high affinity to 
the host root exudates and their faster growth 
rate. The inoculation of pistachio seedlings 
with P. Drechsleri had a negative effect on 

growth parameters (i.e. RFW, SFW, RDW, 
SDW, and plant height), while the responses 
of the seedlings inoculated with PGPR were 
positive. These findings are consistent with the 
studies by Chithrashree et al. [23] on rice, and 
by Dey et al. [24] on cucumbers, showing that 
seedlings inoculated with PGPR were of 
higher dry weights than seedlings inoculated 
with the pathogen alone.  

Plants utilize defense mechanisms to 
counter the effects of free radicals. Several 
enzymes, such as peroxidase, catalase, 
polyphenol oxidase, and phenolic compounds 
accumulate in response to stress [25]. Induced 
systemic resistance has been reported by 
Bacillus and Pseudomonas against several 
diseases in various plants, such as banana, 
beans, rice, and cucumbers [26]. Antioxidant 
enzymes remove harmful oxygen species in 
cells and increase plant resistance by 
neutralizing the negative effects of oxygen 
free radicals. Current study results showed that 
P. drechsleri increased antioxidant activities in 
the leaves of Badami–Rize–Zarand and 
Sarakhs cultivars compared to non-inoculated 
control plants. The activities of the defense 
enzymes measured as GPX, PPO, and PAL  

4. Discussion 
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increased by the inoculation of seedlings with 
both antagonist agents and P. drechsleri. 
Ramamoorthy et al. [27] reported  that  P.  
fluorescens Pf1 induced the accumulation of 
PAL, PO, PPO, and phenolic compounds in 
tomatoes and hot pepper plants, and increased 
resistance against P. aphanidermatum. 

Based on the study results, the peroxidase 
enzyme exerts a direct effect on plant 
resistance through the neutralization of free 
radicals and hydrogen peroxide that are toxic 
to pathogens. The polyphenol oxidase enzyme 
is involved in the process of necrosis and 
forms a defensive barrier against pathogens. 
Peroxidase and polyphenol oxidase play an 
important role in lignin biosynthesis and the 
function of other oxidized phenols. 
Phenylalanine ammonia lyase is one of the 
plant defense biochemical markers against 
stress and is the initiator of the 
phenylpropanoid pathway that results in the 
conversion of phenylalanine into cinnamic 
acid through D-amination [28]. Cinnamic acid 
serves as a precursor of phenolic compounds, 
lignin, coumarin, phytoalexins, and other 
downstream metabolites. In contrast, phenolic 
compounds play a major role in reducing or 
inhibiting lipid oxidation and ROS 
scavenging. They also serve as essential 
antioxidants in plants [29].  High levels  of  PO, 
PPO, and phenolic compounds have been 
reported in plants inoculated with either 
biocontrol lagentsor pathogens, or a 
combination of them [30].  

In this study, the enzyme levels were 
affected by two bacterial strains, with 
Pseudomonas fluorescens VUPF5 exerting a 
more significant effect. Saaravanakumar et al. 
[31] reported that the treatment of tea plants 
with PGPR bacteria activated defense  
enzymes, such as peroxidase, polyphenol  
 

 
oxidase, phenylalanine ammonialyase, 
chitinase, and -1,3-glucanase, and that it also 
enhanced resistance against the blister disease.  

Phenolic compounds are considered 
asosmolites, getting increased in biotic stress 
conditions [31]. A close correlation was 
observed among the phenolic compound 
content, PGPR, and increased resistance to 
plant pathogens in chickpea plants. The 
increase in phenolic compounds might be due 
to the induction of salicylic acid and gallic 
acid biosynthesis that playsa key role in the 
induced resistance [32]. Some studies have 
reported that the accumulation of phenolic 
compounds in rice [33] and cucumbers [34] 
increases resistance against diseasesdue to 
PGPR bioformulations. These results are 
consistent with those of the current study. 

 
 
 

The study results demonstrated that  
P. drechsleri can be controlled in pistachios by 
using PGPR bacteria. Pseudomonas 
fluorescens VUPF5 and B. subtilis Bs96 
demonstrated high efficacy in the suppression 
of diseases by increasing plant defense 
enzymes. However, more studies are required 
to identify the effects of ISR induced by PGPR 
bacteria to inhibit pistachios’root and crown 
rot in orchard conditions. 
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