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ABSTRACT 
 
 Sudden temperature decrease in the months of February, March and April when the trees are in the stage of 
being in buds, blossoms and green fruits will cause serious damage to the pistachio trees. One of the factors 
which increases  frost injury, is ice nucleation activity (INA) bacteria that produces biological ice-nuclei and it 
leads to causes frosting in higher temperatures. In this research, 6 cultivars of pistachio trees are selected. 
Samples of flower buds, leaves and green fruits were collected from Pistachio trees. On the basis of biological 
and physiological tests the isolated bacteria were identified as; Pseudomonas syringae Pseudomonas viridiflava, 
Pseudomonas fluorescens ,Pantoae agglomerans and Xanthomonas spp. Then in order to separate epiphytic 
antagonists of INA bacteria, all of the bacteria that were isolated from the surface of the plants, were 
individually examined with Pseudomonas syringae which has the most ice nucleation activity. All bacteria were 
tested for the production of compounds inhibitory around P. syringae on King’s B and nutrient glucose agar 
media. Antagonistic activity of Bacillus pumilus was identified and its activity on inhibition corn frost injury 
was investigated. Inoculum  was applied  from  strain of B. pumilus  at the rate about 108 cell/ml suspension  on 
corn plants, but the frost injury on corn  treated with antagonist bacteria did not differ significantly compared to 
untreated control.                                                                     
 
Key words: Ice nucleation activity bacteria, Pistachio, Frost injury. 
 
Introduction 
 
 Pistachio is especially important in Iran’s 
agriculture economy, so that the bulk of pistachio 
production is exported abroad and good foreign 
exchange earnings is generated for the country.  
 Frost injury is one of the primary factors limiting 
deciduous fruit tree production in Kerman province. 
It is a serious abiotic disease of plants that causes 
losses in agricultural production such as pistachio. 
Flowers and Fruitlets are susceptible to killing injury 
during radiation frosts, when temperatures are -2c or 
colder [32]. 
 Bacteria by far the most abundant inhabitants of 
differ sharply in size among and within plants of the 
same species[19]. Ice – nucleating bacteria (INBs) 
are defined as phillosophier bacteria that can imitate 
ice nucleation in water at temperatures above -
10C[23]. These bacteria have been shown to incite 
frost damage to some plants [7]. 
 Frost  injury to sensitive plants results from ice 
formation at -1.5 to -5C caused by ice nucleation - 
active pathovars [4] of  P. syringae [1,6,7,9,16,25] , 
strains of Erwinia herbicola or three other bacterial 
species on leaf surfaces [14,16,22,39] . 

 Ice nucleation - active bacteria are commonly 
found on nearly all plants in nature, with strains of P. 
syringae being the most abundant ice - nucleating 
bacteria on most plant species examined [6,7,20 ,17]. 
The incidence of frost injury to plants is related 
directly to the logarithm of the population size of ice 
nucleation - active bacteria and to the logarithm of 
numbers of bacterial ice nuclei on plants at the time 
of freezing [14,17]. Treatments that reduce  
 the numbers or the ice nucleation activity (or 
both) of bacteria on plants reduce the incidence of 
plant frost injury [2,14,16,22,18,19,17]. At least six 
species of INBs have been identified; Pseudomonas 
syringe [25], Pseudomonas fluorescence [25], 
Pseudomonas virdiflava [29]Erwinia herbicola 
[13]Erwinia ananas [5], and Xnathomonas 
campestris [5]. Some strains of Fusarium [31]and 
related genera of Fungi are also active in ice 
nucleation [31]. 
 Obata  et al., in 1999  have identified an INB, 
KUIN-3, isolated from strawberry leaves, as a strain 
of Erwinia uredovora as a novel INB of Antarctic 
origin . The first report of INA bacteria isolated from 
a tropical edible leafy plant (Pilea glaberina) is 
belong to Waturangi et al., they recovered two 
isolates of bacteria as Pseudomonas sp. (A3) and 
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Xnathomonas campestris (A4) which showed ice – 
nucleation activity from Poh-pohan. They discovered 
that the ice – nucleation – activity of isolate A4 is 
higher than isolate A3 with an ice – nucleation 
frequencies of 59.9 ml-1 and 37.9 ml-1, respectively 
[38]. Recently, the study of INB has developed 
rapidly in Iran and achievements within the field 
have generated attention. According to studies on 
INB in Fars province in Iran on almond trees, 
Pseudomonas syringae, P.  fluorescens, P. 
agglomerans and Xanthomonas spp. were recognized 
as the INA bacteria [10]. Also P. flourescens, P. 
syringae pv. syringae were isolated from the cherry 
and apricot trees in Shahroud region by Mazarei [26]. 
Field studies by Lindow (1978) showed a log - linear 
relationship was observed between the size of the 
INA bacteria population and the degree of frost 
injury [21, 23]. Another research was carried out in 
Fars province on INBs from peach, almond and 
apricot trees in which Erwinia herbicola, P. syringae 
and  P. virdiflava were isolated as Ice nucleation - 
active bacteria[33].  
 
Materials and Methode 
 
Sampling and Isolation Technique: 
 
 Isolation of INA bacteria were done from 6 
pistachio trees genotypes of Rafsanjan pistachio 
Research Institute orchard. Trees from pistachio 
collection center orchard were sampled during, 
February, March, April and May (2010) (peak frost 
hazard) from floral buds, immature fruit and leaves. 
Samples were placed in sterile plastic bags and 
plated immediately upon return to the laboratory 
.Samples 10 grams of leaves, floral buds and 
immature fruit were cut into pieces and washed with 
sterile distilled water 3x. Samples were placed in 
sterile tubes containing 10 mm phosphate buffer (PH 
8.0), vortexed for 2 minutes and then diluted to 100 
fold. The suspensions were spread on king’s B 
medium agar and incubated at room temperature (28-
30c) for 2 days [38]. 
 
Detection of INA colonies by Replica Freezing 
Assay: 
 
 Colony growth from the isolations were picked 
and prepared for ice – nucleation assay by the 
method of Lindow et al. in 1978. Ice nucleation 
activity was assessed with the drop – freezing assay 
[21]. Frequencies of the ice nucleation activity of the 
isolates were measured using the formula described 
by vali in 1971.  

   
V

LnftN   

 
 Where N(t) is the nucleation frequency at 
temperature T, F is the proportion of droplets 
unfrozen and V is the volume of individual droplets.  

 
Biochemical Tests: 
  
 Biochemical properties of these isolates were 
determined for indol, catalase, oxidase and the other 
assays according to Schaad (2001).  
 
Selection of antagonists: 
 
 Sampling was done from pistachio trees in 
Rafsanjan pistachio research institute. Trees were 
sampled in 2010 during the period of peak frost 
hazard when buds were in the first bloom or to late 
bloom stage. Sampling procedures were performed 
as previously described [38]. 
 Bacterial colonies composing at least 10%, 
according to size and morphology, of the total 
bacterial population (determined as colony – forming 
units) were selected, grown on NBY agar and 
purified to colony uniformity. All bacterial strains 
were grown on king’s medium B (KB) [11] agar at 
20C for 3 days before screening for inhibition of  P. 
syringae  pv. syringae strian 5A. 
 Bacterial suspensions (approximately 
5107cfu/ml), prepared in phosphate buffer (12.5 
m, PH = 7.2), were spotted (four strains per plate, 
5l (droplets) on to duplicate KB agar plates and 
incubated for 48h at 25C. Plates were then lightly 
over sprayed with INA P. s. pv. syringae strain 5A 
(approximately 5107cfu/ml) and incubated an 
additional 48h at 25C. The diameters of inhibition 
zones were recorded [3]. 
 
Evaluation of bacterial antagonist on plants in 
greenhouse trials: 
 
 The procedure of Lindow et al [21] was used to 
test bacteria that were inhibitory to INA strain 5A in 
vitro for ability to suppress cell numbers of INA P. s 
.pv. syringae on corn (Zea mays L.) plants. Corn 
seeds were plated (five seeds per pot) in sterilized 
vermiculite, watered daily and grown in the 
greenhouse (25C day, 20C night) with 
supplemental lighting (18h Bacteria were grown on 
for 8h at 20C on KB agar, Suspended (5108cfu/ml) 
in sterile water.Three – leaf – stage corn plants per 
treatment were repeated 4x. Plants in the first 
treatment were sprayed with sterile distilled water as 
control and placed in a mist champer in a greenhouse 
at 24C for 2 days, and then cooled to -5C for 30 
min [13]. 
 In the second treatment, plants were sprayed 
with aqueous suspension (5108cfu/ml) of P. 
syringae strain 5A (which showed the highest rate of 
icing activities) plants were maintained in a mist 
chamber for 48h and then cooled to -5C for 30 min.  
 The last one, selected bacterial suspension for 
inhibition of P. syrinagae strain 5A sprayed on to the 
corn plants and plants were placed in a mist champer 
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in a greenhouse at 24C for 2 days. The plants were 
then sprayed with aqueous suspension of P. syringae 
sitran 5A, incubated for an additional 2 days in a mist 
chamber at 24C, allowed to dry, and then cooled to -
5C for 30 min.  
 
Results: 
 
 Most of the isolated epyphit bacteria from 
pistachio trees in this study, belonged to 
Xanthomonas spp, Bacillus spp, Pseudomonas 
syringae and  Pseudomonas fluorescens. The ice – 
nucleation – activity of Pseudomonas syringae was 
the highest and then Pantoea agglomerans, 
Pseudomonas fluorescens, Pseudomonas virdiflava, 

Xanthomonas spp. showed ice – nucleation activity, 
respectively.  
 In determining ice – nucleation – activity was 
positive relationship between time and temperature 
(Table 1-6). Chemical and morphological tests have 
shown in table 7 over 12. Bacterial strains that 
initially tested for in vitro inhibition of INA P. 
syringae strain 5A only Bacillus spp. produced 
inhibition zones on KB agar.  
 Anatagonistic activity of B. pumilus was 
identified and it’s effect on inhibition corn plants 
frost injury was investigated. Frost injury decreased 
in corn plants that were treated with 108 cell/ml 
suspension but antagonistic effect of B. pumilus did 
not differ significantly compared to untreated control 
in green house trials.  

 
Table 1: Ice Nucleation activity of isolated bacteria on the Pistachio trees surface in -2°C& diferent times (The number of frozen droplets of 

10 drops). 
X. spp P. V. P. f. P. a. P. s. Time(minute) 

0 0 0 0 0 5 
0 0 0 1 1 10 
0 0 0 1 3 15 
0 1 1 2 4 20 
0 1 2 3 4 25 
1 2 2 3 5 30 

X. spp:  Xanhomonas  spp. P. v. : Pseudomonas virdiflava 
P. a. : Pantoea aglomerans P. s. : Pseudomonas syringae 
Bacterial Population>10^8   P. f. :Pseudomonas fluorescens 
 
Table 2: Ice Nucleation activity of isolated bacteria on the Pistachio trees surface in -3°C& diferent times (The number of frozen droplets of 

10 drops). 
X. spp P. V. P. f. P. a. P. s. Time(minute) 

0 0 0 0 0 5 
0 0 0 1 2 10 
0 0 1 1 3 15 
1 2 2 2 5 20 
1 2 3 4 5 25 
2 3 3 5 6 30 

X. spp:  Xanhomonas  spp. P. v. : Pseudomonas virdiflava 
P. a. : Pantoea aglomerans P. s. : Pseudomonas syringae 
Bacterial Population>10^8    P. f. :Pseudomonas fluorescens 
 
Table 3: Ice Nucleation activity of isolated bacteria on the Pistachio trees surface in -4°C & diferent times (The number of frozen droplets 

of 10 drops). 
X. spp P. V. P. f. P. a. P. s. Time(minute) 

0 0 1 1 2 5 
1 1 1 1 3 10 
1 1 2 2 5 15 
1 2 4 3 7 20 
2 2 4 4 8 25 
4 3 5 5 9 30 

X. spp:  Xanhomonas  spp. P. v. : Pseudomonas virdiflava 
   P. a. : Pantoea aglomerans P. s. : Pseudomonas syringae 
Bacterial Population>10^8  P. f. :Pseudomonas fluorescens 
 
Table 4: Ice Nucleation activity of isolated bacteria on the Pistachio trees surface in -5°C & diferent times (The number of frozen droplets 

of 10 drops). 
X. spp P. V. P. f. P. a. P. s. Time(minute) 

1 1 2 2 4 5 
1 2 3 2 5 10 
2 2 3 3 6 15 
3 3 4 5 8 20 
4 4 4 5 9 25 
5 6 6 7 10 30 

X. spp:  Xanhomonas  spp. P. v. : Pseudomonas virdiflava 
   P. a. : Pantoea aglomerans P. s. : Pseudomonas syringae 
Bacterial Population>10^8  P. f. :Pseudomonas fluorescens 
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Table 5: Ice Nucleation activity of isolated bacteria on the Pistachio trees surface in -6°C & diferent times (The number of frozen droplets 
of 10 drops). 

X. spp P. V. P. f. P. a. P. s. Time(minute)) 
2 2 4 5 6 5 
3 3 5 5 6 10 
3 3 5 6 7 15 
4 6 7 7 8 20 
7 7 7 8 9 25 
8 8 8 9 10 30 

X. spp:  Xanhomonas  spp. P. v. : Pseudomonas virdiflava 
   P. a. : Pantoea aglomerans P. s. : Pseudomonas syringae 
Bacterial Population>10^8    P. f. :Pseudomonas fluorescens 
   
Table 6: Ice Nucleation activity of isolated bacteria on the Pistachio trees surface in -7°C & diferent times (The number of frozen droplets 

of 10 drops). 
X. spp P. V. P. f. P. a. P. s. Time(minute) 

5 5 6 7 8 5 
6 6 6 7 8 10 
7 7 7 8 10 15 
8 8 8 10 10 20 
9 9 10 10 10 25 
10 10 10 10 10 30 

X. spp:  Xanhomonas  spp. P. v. : Pseudomonas virdiflava 
   P. a. : Pantoea aglomerans P. s. : Pseudomonas syringae 
Bacterial Population>10^8    P. f. :Pseudomonas fluorescens 
      
Table 7: Used tests to idetifing Bacillus pumilus  (Shaad et al., 2001). 

                                                       Characteristic  Bacillus pumilus 
Cell> 0.1 µM - 

Spor shape-circular - 
Wollen sporangium - 

Anaerob growth + 
Voges proskauer - 

8/6:PH   Growth at nutrient broth pH + 
7/5:PH        wth at nutrient broth pH + 

Strach hydrolysis - 
Gelatin hyarolysis + 
Nitrate reduction - 
Growth at 40 c + 
Growth at 50 c + 
Utilization of :  

Citrate + 
D(+)Glucose + 
L-Arabinose + 

D-Xylose + 
D-Mannitol + 

 
Table 8: Used tests to identifing Pseudomonas fluorescens (Shaad et al., 2001). 

Characteristic P. fluorescens 
Yellow organ cellular pigment - 

Levan v 
Oxidase + 

Arginine dihydrolase + 
Tobacco HR - 

Growth at 41 C - 
Growth at 4 ◦C + 

Nitrate reduction + 
Gelatin hydrolysis + 

Utilization  of:  
L-Arabinose + 

Glucose + 
D-Mannose + 

D(+) Galactose + 
Lactose - 
Maltose - 
Sucrose + 

D(+) Cellobiose - 
Ice nucleation + 
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Table 9: Used tests to identifing Pseudomonas  syringae (Shaad et al., 2001). 
(Characteristic) P. syringae 
Gram reaction - 

Diffusble fluorescent pigment + 
Non-diffusible pigment - 

Levan v 
Oxidase - 

Arginine dihydrolase - 
Pectolytic activity (Potato  rot) - 

Nitrate reduction + 
Gelatin hydrolysis - 

Ice nucleation + 
Starch hydrolysis + 
Indole formation - 

Utilization of:  
D(+) Glucose + 
L-Arabinose + 
D-Mannose + 

D(+) Galactose + 
Lactose - 
Maltose - 
Sucrose + 

D(+) Cellobiose - 
Gas from glucose - 
5% Nacl tolerance + 
7 % Nacl tolerance - 

Methyl red - 
Catalase + 

 
Table 10: Used tests to identifying  Pantoea aggglomerans (Shaad et al., 2001). 

(Characteristic) P. agglomerans 
Yellow pigment + 

Anaerobic growth + 
Motility + 

Mucoid growth + 
Growth at 37◦C + 

Indole production + 
Nitrate reduction + 

5%NaCl tolerance + 
Starch hydrolysis + 

Utilization of:  
Citrate + 

Mannose + 
Mannitol + 

Cellobiose - 
Lactose + 
Xylose + 
Sucrose + 

Ice uncleation + 
 
Table 11: Used tests to identifying  Xanthomonas  spp (Shaad et al., 2001). 

(Characteristic) Xanthomonas spp. 
Gram reaction - 

Growth anaerobically - 
Growth aerobically + 

Urease - 
H2S form cysteine + 

Flourescence pigment on KB - 
Growth  at 40°c + 
Growth at 35°C + 

Levan + 
Oxidase - 

Colonies yellow or orange on YDC + 
Mucoid growth 30 c on YDC + 

Ice nucleation + 
Litmus milk Alk 
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Table 12: Used tests to identifying  (Shaad et al., 2001). 
(Characteristic) P.  virdiflava 
Gram reaction - 

Diffusble fluorescent pigment - 
Non-diffusible pigment + 

Levan - 
Oxidase - 

Arginine dihydrolase - 
Pectolytic activity (Potato  rot) + 

Nitrate reduction - 
Gelatin hydrolysis + 

Ice nucleation - 
Growth at 37◦C - 

Tobacco HR + 
Utilization of:  

2-Ketogluconate + 
Manitol + 
Geraniol - 

Benzolate - 
CellobioseSorbitol + 

Terhalose - 
Sucrose - 

Meso-tartate + 
D(-)tartate + 

D-arabinose - 
L-rhamnose - 
D-aspartate - 

IAA production - 

 
Discussion: 
 
 In this study six isolates were identified from 
pistachio trees as ice nucleation bacteria. These 
isolates are categorized as ice nucleation bacteria in 
previous studies . 
 Xanthomonas campestris and Pseudomonas spp. 
were reported by Turner et al.  in 1990 and 
Waturangi et al. from leafy plant Poh-Poha in 2008. 
Sahragard et al.  in 1997 has isolated  P. virdiflava, 
P. syringae, P. fluorescens and Pantoea agglomerans 
from peach, almond and apricot trees in Maharlou 
and Sepidan of Fars province in Iran .Also Lindow in 
1978[20]  has been reported Pantoea agglomerans 
and P. syringae as Ice nucleation bacteria . 
 Though due to different environmental 
conditions and host types, one can expect some 
difference between the identified flore bacteria in this 
study compared with flore bacteria in other parts of 
Iran and the world [30] . 
  P. syringae, P. fluorescence and P. 
agglomerans have been identified as ice nucleation 
active bacteria from Shahroud stone fruit trees[26]. 
Lindow [15, 14] and Lindow and Connell [17] have 
reported that certain plant bacteria can greatly 
suppress the growth of native INA bacterial 
population on fruit tree, resulting in significantly less 
frost injury.  
 In this study inhibition effect of Bacillus pumilus 
on P. syringae growth on KB media was observed. 
Previously Montesionos and vilardell (1991) isolated 
these two bacteria from pear foliar surface. Ketabchi 
in 2004 isolated B. pumilus as antagonistic bacteria 
and identified its activity on inhibition wheat and 
almond blossom frost injury and compared their 
effects with chemical compound. 

  In Cody and Gross studies, P. fluorescens and 
P. putida were identified as inhibitor on P. s. pv. 
syringae strain B301D growth on KB agar but in 
vivo trials little suppression of INA P. syringae was 
observed because their populations sometimes 
exceeded that of antagonists. None of the antagonist, 
controlled frost injury to pear following radiation 
frosts ranging from -4 to -4.5C 1982 and 1983, 
respectively[3]. Antagonists must have ability to 
develop high population on fruit tree foliar surfaces 
[3]. So antibiosis on KB agar has been widely used 
for selection potential biocontrol agent of INAB [40]. 
 In our study B. pumilus produced inhibition zone 
on KB agar but couldn’t decrease frost injury 
significantly on corn plants. Perhaps this antagonist 
couldn’t develop it’s population on corn plant foliar 
surface. So we need more studies on population 
dynamics of antagonist bacteria on plant’s foliar 
surface.  
 Thus biocontrol continues to be an attractive 
alternative for control of Ice nucleation bacteria.  
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