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Abstract. The altitude of the Dieng plateau is between 1,500-2,500 meters above sea 
level (m ASL), with an average temperature of 14ºC. During the dry season, the 
temperature in this area becomes very cold that reaches -2ºC, therefore frost injury 
may occur in potato, which is often referred to as embun upas (frozen dew). Frost 
injury causes the production of potatoes in Dieng to decline. Frost injury in plants is 
characterized by spots symptom, which can be brown, yellow, or black on leaves 
surface with the chlorotic ring that surrounds them. The phenomenon of frost injury is 
thought to be related to the activity of ice formation by the Ice Nucleation Active 
(INA) bacteria and triggered by cold temperatures (-2°C). This study aimed to 
determine the number of INA bacteria and its correlation with frost injury spots on 
potato leaves and to discover the class of INA bacteria based on ice formation 
temperature. The sampling of the potato leaves used purposive sampling method. 
Leaves showed frost injury symptom with different severity were taken from a 
different altitude of ± 2,000 m ASL (Dieng Wetan village) and ± 2,500 m ASL 
(Sembungan village). Bacterial isolation was done by spread plate method on Nutrient 
Agar supplemented with 2.5% glycerol. The activity of ice nucleation was determined 
using tube nucleation method. Estimation of INA bacteria number was done by 
multiple-tube nucleation method 3.3.3. Correlation between the number of INA 
bacteria and percentages of frost injury spots was analyzed using SPSS bivariate. The 
results showed that the highest INA bacteria number i.e. >2.75 x 10

4
 was found on 

scale 3 of leave spots while the lowest value of 7.25 x 10
3
 on scale 1. Correlation 

between the populations of INA bacteria with the scale of frost injury spots showed 
0.844. The correlation values ranging from 0.80 to 1.00 indicating a strong association 
between the INA bacterial number and the scale of frost injury spots of potato leaves. 
Based on the ice forming temperatures, INA bacteria were classified into three classes, 
i.e., class A that can freeze water at temperatures of -2 to -4

ᵒ
C, class B -5 to -7

ᵒ
C and 

freezing point of class C below -8
ᵒ
C.  

1.  Introduction  
Dieng Plateau is located in Central of Java Province and has three regencies, which are Banjarnegara, 
and Wonosobo and Temanggung. The altitude of the Dieng plateau is between 1,500-2,500 meters 

mailto:arisusilowati@staff.uns.ac.id
http://creativecommons.org/licenses/by/3.0
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above the sea level (m ASL). Embun upas is the locally Indonesian name of ice nucleation diseases on 
potato leaves on Dieng plateau. Embun upas generally appears in the Dieng plateau on July or August 
of each year. During that time, the temperature is at the critical point reaching zero and even minus 
causing the appearance of embun upas. The lowest temperature that occurs at a critical point can reach 
-8

o
C. The emergence of embun upas results in frost injury on the potato that ultimately leads to the 

death of the potato and the risk of crop harvesting failure [1]. Embun upas becomes of the limiting 
factors in potato production in the Dieng Plateau, causing loss to the potato farmers reaching hundreds 
million rupiah, after more than 35 ha of potato plantation xperienced frost damage in 1994 [2]. The 
research location of Dieng Plateau (Central Java) and potato plantation in Sembungan village can be 
seen in Figure 1A and 1B. 

 

Figure 1A. Location of Dieng plateau which includes Banjarnegara, Wonosobo and Temanggung 
(Central Java). 

 

Figure 1B. Sampling Area: Sembungan Village (7°14'24.94"S-109°55'0.97"T) is dominated by potato 
plantations in terraces. 
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The frost injury on potato has not been well understood by most farmers and that the numbers of 

INA bacteria are responsible for its formation. INA bacteria have been considered as the main 
causative factor of frost injuries on potato because of their ice nucleation property that can initiate 
theformation of ice crystalin plant tissue. Bacteria that cause frost injury are called INA bacteria [3]. 
The INA bacteria are bacteria that live on the leaves surface (phyllosphere) and able to catalyze the 
formation of frost injury on the leaves surface.  

Reports of frost injury mostly come from subtropical countries, like in Japan, which occurred on 
tea plants [4], cabbage, broccoli and mulberry [5] and in the United States, which occurred on corns’ 
plants [6], oranges, wheat, and tomatoes [7]. Hirano and Christen later proved that frost injury that 
occurs on some species of plants are caused by the activity of bacteria in the leaves surface and is 
harmful because it causes plants death [8]. Research on frost injury bacteria from the tropics has not 
been widely reported or published. The data of INA bacteria studied on potato in Wonosobo, Dieng 
Plateau will provide information about the novelty of this bacterium in the tropics.  

Further research concerning bacteria in the tropics needs to be conducted, considering its negative 
impact on agriculture due to the embun phenomenon caused by ice nucleation activity. Basic 
knowledge revealed about INA bacteria on potato plant can later be used to arrange strategies to 
overcome and prevent the occurrence of damage due to frost injury on potato plants in Dieng plateau. 
In this study, we covered about the estimation of INA bacteria number in potato leaves, determination 
of disease severity scale caused by INA bacteria, and the identification of INA class based on its 
freezing temperature.  

2.  Material and methods 

2.1.   Estimation of INA bacterial number 
Estimation of INA bacteria number can be done using multiple tube nucleation method. Samples of 
potato leaves weighed, 2 grams were homogenized in 50 mL phosphate buffers in 0.1% protease-
peptone. Taken as much as 1 mL and inserted into a test tube containing 9 mL sterile phosphate 
buffers. Afterwards, 3 series of dilutions i.e., 10

-1
, 10

-2
, 10

-3 
were performed into a tube containing 9 

mL of phosphate buffers. In each series of dilutions, duplicate replications were performed so that the 
dilution of the 3-tube series for each dilution series was obtained. The bacterial suspension as the 
result of dilution was introduced into the circulating alcohol bath at the temperature of -10ºC for 10 
minutes. umber of bacteria per gram of fresh leaves weight was estimated based on the Most Probable 
Number (MPN) method. The number of total INA bacteria was determined by counting the number of 
tubes giving positive frozen reaction and then comparing the pattern of positive results (the number of 
tubes showing frozen at each dilution) with standard MPN statistical tables [9-10].  

2.2.  Disease severity of frost injury on potato 
The sampling of the potato leaves used purposive sampling method. Leaves showed frost injury 
symptom with different severity were taken from a different altitude of ± 2,000 m ASL (Dieng Wetan 
village) and ± 2,500 m ASL (Sembungan village). Disease severity was expressed in the spotting scale 
(Table 1).  

The association of INA bacterial population with disease severity was analyzed using SPSS with 
correlation bivariate test. 

 
Table 1. Diseases severity of frost injury on potato leaves expressed in the spotting scale. 

Spot Scale Description 

0 No symptoms on the leaves 

1 Little spots, not very real, about 10% of the leaves area infected 
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2 Little spots spread on the leaves and easily observed, but do not cause any 
apparent damage, 11-30% of the leaves area infected 

3 Symptoms spread on the leaves area, damage and chlorosis are limited, 31-
50% of the leaves area infected 

4 Widespread symptoms occur, leaves necrosis, 51-71% of the leaves area 
infected 

5 Spotting almost or spreading throughout the leaves area, causing necrosis to 
death, 71% or of the leaves area infected 

2.3.  Isolation of INA bacteria 
For each leave, a sample of 2 grams was cut with a size of 0.5 cm

2
 and the sample was put into a 250 

mL Erlenmeyer flask containing 50 mL of 0.1 M phosphate buffer pH 7 and 0.1 M protease peptone. 
Erlenmeyer flask was shaken on a rotary shaker at a speed of 150 rpm for 2 hours. One mL of the 
samples were taken and put into a test tube containing 9 mL of sterile distilled water. Three series of 
dilution i.e., 10

-1
, 10

-2, 
10

-3 
were performed, and

 
from each dilution 100 μL of the sample was taken 

then plated on NA medium containing 2.5% glycerol (NAG) using spread technique into the petri dish. 
Glycerol-containing media is a common medium used to isolate ice-forming bacteria because it can 
optimize the growth of cultures [11]. Glycerol as a major carbon source is capable of enhancing 
nucleation activity, according to [12] studies suggesting that some bacteria with weak or lost 
nucleation activity are able to restore their activity after growth in nutrients agar added glycerol at 
22ºC. Each dilution series was spread on two Petri dishes. After the surface of the media dried 
sufficiently was then wrapped in paper and incubated at 18-24ºC with the reversed position for 2 days 
[13]. 

2.4.  Collection of pure isolates 
Colonies of bacteria that have grown in NA media + 2.5% glycerol that had different morphologies 
were transferred into an agar slant by a scratch method using inoculating needles in an aseptically 
Laminar Air Flow Cabinet. Single bacterial cells formed a single colony was then grown for 4-6 days 
in the incubator at a temperature of 22ºC, then stored in the refrigerator at 5ºC [14]. 

2.5.  Activity Test for Ice nuclei formation 
The activity of ice nucleus formation was conducted using multiple nucleation tube tests. Four to six 
days old bacterial colonies on an agar slant medium were transferred using inoculation needle and re-

suspended in 400 l sterile phosphate buffers and tested for the ice nucleation activity at temperature -
4
ᵒ
C, -7

ᵒ
C and -10

ᵒ
C in a circulating alcohol bath for 10 minutes. Positive test results indicated that 

phosphate buffers when dropped by bacterial suspension freeze within 30 seconds at a temperature of -
4
ᵒ
C or less, it was considered that the colony contains active ice nuclei or contains INA bacteria [15-

16]. 

3.  Results 
Based on the positive results of Most Probable Number (MPN) with three series of dilutions at a 
different altitude of Dieng Wetan Village (± 2000 m ASL) and Sembungan Village (± 2500 m ASL) 
respectively, obtained a freezing tube showing the number of INA bacteria (Figure 2).  
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a 

 
b 

 
c 

 
d 

Figure 2. Positive frozen tube on MPN test. Dieng Wetan station I a). Tube combination 3-3-3; Dieng 
Wetan station II b) Tube combination 3-3-2; Sembungan stasiun I c) tube combination 3-3-3; 
Sembungan stasiun II d) tube combination 3-1-2. 

 
MPN values in replication one and two at each at sampling area of Dieng Wetan and Sembungan 

(Table 2 and 3). MPN value indicated the highest INA bacterial population in potato plant in Dieng 
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plateau with tube combination 3.3.3 i.e >2.75 x 10
4
. Average number of bacteria based on MPN on the 

spotting scale of 3, 2 and 1 (Tabel 4). The average number of bacteria on a scale of 3 is > 2.75 x 10
4
, 

the number of bacteria on scale 2 is >1.67 x 10
4
, scale 1 in Dieng Wetan > 1.52 x 10

4
, and scala 1 in 

Sembungan 7.25 x 10
3
. 

 

Table 2. Estimation of bacterial number based on MPN table, replication 1. 

Sampling Station  ScaleofSpots  Replication 1  

10 
-1

  10 
-2

  10 
-3

  Estimation of 

Bacteria number 

MPN/g leaves  
Dieng Wetan Station I  3  3  3  3  >2.75 x 10

4
 

Dieng Wetan Station II  1  3  3  0  6 x 10
3
 

Sembungan Station I 2  3 3  3  >2.75 x 10
4
 

Sembungan Station II  1  3  1  2  3  x 10
3
 

 

Table 3. Estimation of bacterial number based on MPN table, replication 2. 

Sampling Station  Scale of Spots  Replication 2  

10 
-1

  10 
-2

  10 
-3

  Estimation of 

Bacteria number 

MPN/g leaves  
Dieng Wetan Station I  3  3  3  3  >2.75 x 10

4
 

Dieng Wetan Station II  1  3  3  3  >2.75 x 10
4
 

Sembungan Station I 2  3  1  2  3 x 10
3
 

Sembungan Station II 1  3  3  1  1.15 x 10
4
 

 
Table 4. The average of the estimated number of INA bacteria based on the table MPN, Thomas 
formula series 3.3.3. 

Sampling Station Spotted Scale 
Estimation of Bacteria 

number MPN/g leaves  
Dieng Wetan Stasiun I 3 >2.75 x 10

4
 

Dieng Wetan Stasiun II 1 >1.67 x 10
4
 

Sembungan Stasiun I 2 >1.52 x 10
4
 

Sembungan Stasiun II 1 7.25 x 10
3
 

 

Potato leaf samples from different altitude have the varying severity of disease based on spotting 
scale scaling, i.e. 3 and 1 scale at ± 2,000 m ASL, 2 and 1 at an altitude of ± 2,500 m ASL (Figure 3) 
 

 

a) b) 
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Figure 3. Spot scales on the leaves of potato plants based on the scoring, a) scale 3: 31-50% infected 

leaf area; b) scale 2: 11-30% infected leaf area; c) scale 2: 11-30% infected leaf area; d) scale 1: 10% 

infected leaf area.  

 
Based on the correlation analysis showed the correlation value of 0.844 and significance 0.156 

(Table 5).  
 

Table 5. Analysis of correlation of bacterial estimation with spot scale using SPSS Bivariate 
Correlations. 

  Bacterial 

Population  

Spot Scale  

Bacterial Population  Pearson Correlation  1  .844 (*)  

  Sig. (1-tailed)   .156  

  N  4  4  

Spot Scale  Pearson Correlation  .844 (*)  1  

  Sig. (1-tailed)  .156   

  N  4  4  

 
The bacteria isolated from potato leaves were 84 pure cultures, but based on the nucleation activity 

test only 20 isolates were clotted. From the results of ice nucleation test in this study, We found three 
classes of INA bacteria based on freezing temperature, i.e. class A that freezes at temperature -4ᵒC, 
class B at temperature -7ᵒC and class C at -10ᵒC (Table 6). 

 
Table 6. Classification of class INA based on a temperature difference of ice nucleation activity from 
potato plant leaves. 

Bacterial isolate code Number of 

bacterial isolate 

FreezingTemperature Class of 

INA  
SM2-a1a, SM2-b1a  2 -4  A  

  
DW1-a1a, SM1-b2b, SM2-b2a, SM2-c1a  

 
4 

  
-7  

  
B  

 
DW1-a2b, DW1-b1b, DW2-b1a, SM1-
c1c, SM1-c1d, SM1-c2b, SM2-c1b, 
SM2-a1c, SM2-a2c, SM2-b1d, SM2-c2e, 
SM2-c2c, SM2-c2a, SM2-a2c  

 
14 

  
-10  

  
C  

Total number of INA bacteria 20   

 

c) d) 
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Note: DW1 = Dieng Wetan station 1, DW2 = Dieng Wetan station 2, SM2 = Sembungan 

station 1, SM2 = Sembungan station 2 

4.  Discussion  

4.1.   Estimation on the number of ina bacteria dieng plateau potato plant leaves 
The calculation of INA bacteria was done using Multiple Tube Nucleation (MPN) method, which is a 
method used to estimate the amount of ice from bacterial suspension and bacterial number on plant 
[13]. A test was conducted using the tubes to determine the number of ice nucleation based on the 
number of frozen tubes at each dilution. This method assumes that one of the frozen tubes contains at 
least one ice nucleus [17-18]. The optimum temperature for the estimation test was -5

ᵒ
C for 10 minutes 

in a circulating alcohol bath, which was sensitive enough to detect the formation of ice nuclei by INA 
bacteria [19-21].  

Based on the calculation of MPN value, the highest INA bacteria population in potato plant in 
Dieng plateau from eight samples of >2.75 x 10

4  
were found on the scale 3 of leaf spots while the 

lowest value of 7.25 x 10
3 
on scale 1. Lindow states that the population of INA bacteria can reach 10

2
-

10
7
 cell/g plant tissue [3]. In this study, the population of INA bacteria from potato plants ranged from 

10
3
 to 10

4
. Gross et al, has estimated that the population of INA bacteria in fruit plants ranges from 10

2
 

to 10
4
 [22]. In addition to the availability of bacterial number in the sample, determination of the 

magnitude of the INA bacteria number was also affected by the dilution series at the time of 
estimation. According to the result of positive tubes MPN 3-3-3 that corresponding with an uncertain 
amount of the bacteria (more than 1100 MPN/g), it seems to need analysis more than 10

-4
 to get a 

more precise estimate number. Regrettably, we did not do further dilution in this study. 

4.2.  Correlation of INA bacterial population with disease severity of potato plant frost injury 
Analysis of disease severity was done by calculating the correlation between the scale of the leaf spot 
and the bacterial population obtained from the estimation of the bacterial population using the scale or 
disease severity scoring method [13]. Based on the scoring method on potato plant samples with spot 
scales varied on the four stations.  

Based on scoring towards the severity of potato disease, the highest spot scale was scale 3 with 31-
50% spot width, while the lowest scale was scale 1 with 10% spot width. The correlation results 
between INA bacteria number and spot scale on potato plant was analyzed using SPSS with Bivariate 
Correlations test. The Pearson Bivariate Correlations test assumes that if the r-value of correlation is > 
0.05 then there is a correlation between the two variables, and if the sig (1-tailed) <0.05 then both 
variables have significant correlation [23]. The results of this study showed that the value of r = 0.844 
means there was a correlation between the two variables. Sugiyono states that if the correlation value 
ranges from 0.80 to 1.00 then there is a strong relationship between the two variables [24]. For the 
significance value of 0.156>0.05 means the value of significance is lower than 95%, the value is about 
84.4%. 

4.3.   Classification of INA bacteria class 
The nucleation activity can be discovered when the bacterial suspension in the microtube freezes after 
its insertion into the circulation alcohol bath. The test was performed on three different temperatures 
namely -4

ᵒ
C, -7

ᵒ
C and -10

ᵒ
C for 10 minutes. The difference in temperature was due to differences in 

the activity of each bacterial suspension in accordance with its class group [25]. The results of the 
nucleation activity test by INA bacteria were obtained from several classes of INA bacteria based on 
the freezing temperature. 

Based on the test of nucleation activity, not all isolates were found positive for INA bacteria. There 
were several classes of INA bacteria from the existing isolates, 2 isolates were classified into class A 
with freezing temperature of -4

ᵒ
C, 4 isolates were classified as class B with freezing temperature -7 

ᵒ
C 

and 14 isolates were classified as class C with freezing temperature -10 
ᵒ
C.  Four bacteria isolates were 
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found at an altitude of ± 2000 m ASL while 16 bacteria isolates were obtained at an altitude of ± 2500 
m ASL. INA bacteria were classed based on freezing temperature as class A which can freeze water at 
the temperature of -2 to -4

ᵒ
C. While the freezing point of class B is -5

ᵒ
C to -7

ᵒ
C and below -8

ᵒ
C for 

class C [26]. It is also supported by Stephanie report of isolated INA bacteria from rainwater which 
was classified as class B INA bacteria that freeze at -7ᵒC [27]. 

5.  Conclusion  
Highest of INA bacteria population in potato leaves i.e. 2.7 x 10

4
 was found on scale 3 of leave spots 

while the lowest value of 7.25 x 10
3
 on scale 1. There is strong correlation of INA bacteria population 

and the scale of frost injury spots even the significance is lower than 95%. Based on the ice forming 
temperatures, INA bacteria are classified into three classes, i.e., Class A can freeze at temperatures of -
2
ᵒ
C to -4

ᵒ
C, class B -5

ᵒ
C to -7

ᵒ
C and class C below -8

ᵒ
C.  
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