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Abstract: A cost-effective, simple and easy to use method was developed using scanned computer images and software 
programs to measure the colony extension area of biocontrol fungi on Petri dish. Data were collected daily and archived 
orderly onto a model sheet. This sheet was scanned and saved as JPEG form. Tracing areas in JPEG image were measured 
directly based on the integrated reference, using “Magic Wand tool” and “Histogram” in the Photoshop. Formula for cal-
culating the pixel data was described. Low coefficient of variation and stable deviation rate were found. Therefore, this 
method would be of suitable and easy to handle for basic colony extension research. 
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1. INTRODUCTION 

Modeling microbial growth is of interest in many fields 
[1, 2]. A fundamental problem in modeling microbial growth 
is that one has to obtain much more accurate and reliable 
parameter for modeling. Measuring how physiological pro-
cess scale with organism size is a general objective and 
straightforward method to elucidate the mechanisms struc-
turing organisms, populations, and communities for basic 
modeling. Since 1928, photoelectric devices were firstly 
used to measure leaf area [3]. Tools and techniques for ana-
lyzing digital images are common in science nowadays. Var-
ious companies and organizations advertising digital soft-
ware claim to measure many facets of a digital image [4-7]. 
Additionally, with computer programs that allow batch-
processing, large sample sizes could be analyzed efficiently.  

Although highly technical optical apparatuses, such as a 
digital image Analyzer, have been used effectively, they are 
expensive and complex. Price ranges from 3,000$ to 10,000$ 
or much more, which could be a budget problem for some 
laboratories. Alternatively, a technique using an equivalent 
diameter to quantify the colony area was developed [8]. This 
method, however, is not only tedious where probability of 
human error is very high requiring high levels of concentra-
tion, but also difficult because several shapes of colony are 
not round but irregular. In this study, we have developed a 
cost-effective, simple and easy to use method using a com-
mon desk-top scanner and public domain software. The 
method can be successfully used for some bacteria and fungi, 
such as Conidiobolus thromboides. 
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2. MATERIAL AND METHODS  

2.1. Design of Model Sheet and Message Transfer 

A high efficient model sheet for colony area assessment 
was designed, in which the date of experiment/observation, 
the types of treatments, a standard area unit/intrinsic refer-
ence were included (Fig. 1A). At each tracing time point, the 
same model sheet was placed over individual colonies one 
by one and the area margins were marked out at the given 
position (Fig. 1A). By the end of the experiment, the tracing 
data were transferred to computer by scanning the model 
sheet with Founder FIT V60 Flatbed Scanner (Maximum 
format: 216 × 297mm, Maximum optical resolution: 2400 × 
4800ppi, FangZheng Co. Ltd., China) and the image was 
directly saved in JPEG format for digital colony area meas-
urement.  

2.2. Computer-Aided Area Measurement 

To calculate extension area, the image of the scanned 
JPEG model sheet was opened at Adobe® Photoshop® 7.0 
[9] (Fig. 1A). Before starting measurement, we should trans-
form the scanned RGB color model to grayscale image for 
much more accurate. A target area was defined along its bor-
der by pressing the buttons of so-called “magic wand tool” 
(Fig. 1A). An appropriate threshold was used for the object 
separation from the background such as adjusting the toler-
ance to “0”, ticking off the “anti-aliased and contiguous”. 
Afterwards, graphic operations such as the curve smoothing, 
noise decreasing, contrast enhancing and edge sharpening 
were alternatively applied to produce the final binary image. 
“Histogram” was selected from the Window menu (some 
other versions of this software may place “Histogram” under 
the Image menu), and a message box appeared in which the 
total pixel count of the colony area was provided. The pixel 
value of the target region (Tp) was calculated by pressing 
‘‘Histogram’’ button (Fig. 1B, C) and then it was recorded in 
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an excel form. This performance was repeated until the pixel 
values of all marked regions were counted and recorded. For 
all experiments in this study, the repetitive imaging tasks 
were accomplished by using a GUI (graphical user interface) 
-based scripting program. Adobe Photoshop terms these 
scripted programs “actions”. Such scripting or actions allow 
a series of repetitive tasks to be recorded and can be run on 
multiple image files via “automation” or batch processing. 

Prior to measurement, a standard 9cm-diameter circle ar-
ea unit drawn by compasses was chosen as reference and its 
pixel value was evaluated as Sp. As we know, the area of 
standard 9cm-diameter circle (A) can be calculated by the 

equation 
( ) 585.632
9 2

=×= πA
 cm2. So the area of unknown 

shape (X) can be measured by the following formula of 
( )pp SATX ×= . 

2.3. Comparison of Calculation Accuracy of Circle 
Standard Units 

Scan resolution 800 ppi (pixel per inch) means 1 inch 
contained 800 pixels. Therefore, 1 inch2 area here will be 
800 × 800 =640, 000 pixels). The target area can be calculat-
ed using the equation: Area (inch2) = the measured number 
of pixels / resolution2. As we know, the multiples of convert-
ing from U.S. to SI are following 1 inch2 = 6.4516 cm2. 
Therefore, the area of 9cm-diameter reference calculated 
from the equation and scanned image is 62.797 cm2. To elu-
cidate the suitability of circle standard units in calculating 
the round colonies, a standard 9cm-diameter circle standard 
units were prepared directly with regular compasses and 
scanned under various scan resolutions ranged from 50ppi to 
800ppi. Coefficient of variation (CV) was generated by di-
viding the standard deviation (SD) of various scan resolu-
tions. 

2.4. Experimental Isolate as Colony Extension Area As-
sessment  

C. thromboides Drechsler that was of significant Ento-
mophthoralean fungi, also had been deemed as a promising 
biological control agent because of easy mass production in 
vitro since 1970s [10, 11]. The isolate SGI 1041, supplied by 
SGI-ARC (small grain institute, Agriculture research coun-
cil, South Africa), is originally obtained from a mummified 
field-collected, the English grain aphid Sitobion avenae (F.). 
Prior to evaluation on the growth conditions of SGI 1041 
using the said method, a round mycelium piece with 13mm 
in diameter seen as an initial inoculum was cut with borer 
from normalized fresh colony which has been described by 
Chen et al [12]. The margins of individual colonies were 
outlined daily for 6~8 days by directly placing a model sheet 
on the Petri dish using transparent light. Tracing messages of 
colony area were collected under various modified growth 
conditions described in Pan (2006) [13]. 

Effect of carbon sources. The influence of different car-
bon sources was tested in modified basic medium (1% pep-
tone, 1% yeast extract and 2% agar) supplemented with the 
following: 4% glucose, lactose, galactose, xylose, fructose, 
maltose, sucrose, starch, sugar-free respectively. 

Effect of nitrogen sources. The influence of different ni-
trogen sources was tested in modified basic medium (4% 
glucose, 1% yeast extract and 2% agar) supplemented with 
the following: 1% alanine, leucine, beef extract, NaNO3, 
Urea and nitrogen-free, respectively. 

Effect of vitamin sources. The influence of different vit-
amin sources was tested in basic medium (4% glucose, 1% 
yeast extract, 1% peptone and 2% agar) supplemented with 
the following: VB2 100ug/L，VB6 100ug/L, Niacin 100ug/L
，VB2 50ug/L+VB6 50ug/L，VB6 50ug/L+ Niacin 50ug/L, 
VB2 50ug/L+ Niacin 50ug/L, respectively. 

 
Fig. (1). Computer-Aided Colony Area Measured with Photoshop Software. A. JPEG image of the tracing sheet displayed in the window 
of Adobe Photoshop. Arrows indicate the tool and parameter should be noted. The locations of “Magic Wand tool” button for defining the 
selected traced region. B. “Histogram” button is for calculating the pixel value and arrow indicates “Magic Wand tool” labeled reference area 
(diameter=9cm). C. The pixel value of this region was calculated by pressing ‘‘Histogram’’ button. 
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Fig. (2). Deviation Rate of Different Scan Resolutions (unit: ppi) 
Compared with the Standard Object (9cm-diameter circle). 

Growth temperature. The influence of different tempera-
tures was tested in basic medium with 4℃, 15℃, 20℃, 25℃, 
30℃ and 35℃. 

Growth illumination time. The influence of different il-
lumination time was tested in basic medium with L:H=24:0, 
L:H=12:12 and L:H=0:24, respectively. 

Growth pH. The pH of medium was adjusted to 5.0, 6.0, 
7.0, 8.0, 9.0, 10.0 and 11.0 by adding sterile 1 N NaOH(or 1 
N HCl).  

All prepared ingredients were autoclaved under 120℃ for 
20 minutes. Either elliptical or round colonies the above as-
sessments were conducted for 3 times to evaluate the mean 
sizes of individual regions. 

3. RESULTS AND DISCUSSION  

3.1. Comparison of Calculation Accuracy of Circle 
Standard Units 

The RGB color model of scanned sheets has been trans-
formed into the grayscale model when they were imported 
into Photoshop software to continue other operations. Be-
cause it is in black and white, binary grayscale image obtains 
much more accurate area measurement than other image 
modes.  

Additionally, scan resolutions could be critical for accu-
rate area measurement using this method. There are definite-
ly various resolution options for selection, even in one scan-
ner. Therefore, prior to counting and recording the pixels of 
each marked contiguous curve using the method described as 
above, the area of reference was compared with different 
resolution. Fig. (2) showed the tendency of deviation rates 
among different scan resolutions which is compared with the 
reference. The deviation rate of different scan resolutions 

 
Fig. (3). Colony Extension Size Measured by Photoshop-Based Digital Imaging Method Under Various Growth Conditions. (A: car-
bon sources supplemented with glucose, lactose, galactose, xylose, fructose, maltose, sucrose, starch and sugar-free; B: nitrogen sources 
supplemented with alanine, leucine, beef extract, NaNO3, Urea and nitrogen-free; C: vitamin sources supplemented with VB2, VB6, Niacin 
and its combinations; D: growth temperature with 4℃, 15℃, 20℃, 25℃, 30℃ and 35℃; E: illumination time with L:H=24:0, 12:12 and 0:24; 
F: PH with 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0. All treatments were repeated three times.) 
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described as ppi floated within 1.5%, which the scan resolu-
tion was 50ppi. The minimum deviation rate 1.2% was ap-
peared in 800ppi resolution. We evaluated different scan 
resolutions ranged from 50ppi to 800ppi, the deviation inter-
val was 1.2%-1.5%. The overall variability was very low 
with a coefficient of variation (CV) of 0.08% and a standard 
deviation (SD) of 0.05. Those data provide a general "feel-
ing" about the performance of a method. CVs of 5% or less 
generally give us a feeling of good method performance. So 
the method we showed as above is reliable and accurate. 
Obviously, the higher scan resolution will obtain a lower 
deviation rate which is compared with the reference. Mean-
while, higher resolution causes much more scan times. So 
the 300ppi resolution was recommended to save time and 
keep accurate as well. Furthermore, these deviations are sys-
tematic errors and would not adversely affect the measure-
ment if confined to one scanner model. 

3.2. Experimental Isolate as Colony Extension Area As-
sessment  

To authenticate, measurement and analysis of the colony 
extension for various growth conditions were conducted. The 
margins of individual colonies were outlined daily for 6~8 
days by directly placing a model sheet on the Petri dish using 
transparent light. Tracing messages of colony area were col-
lected by the said method and considerable amounts of colo-
ny area were demonstrated (Fig. 3). Based on this novel ar-
ea-calculating technique, several basic biological characteris-
tics of this isolate were illustrated. Optimum growth temper-
ature region of Ct10201 was among 25 oC to 30 oC. As for 
optimal pH, growth rate in neutral pH (pH 7 and pH8) was 
better than that of other pHs. Although light was not condu-
cive for the Ct10201 isolate, 12L: 12D condition was the 
optimal condition for its growth. Nutritional gradient screen-
ing studies demonstrated that fructose could significantly 
enhance the growth rate of Ct10201 as well as maltose. 
However, Xylose was an obvious inhibitor for its growth. 
Ct10201 isolate cultured in alanine, leucine and nitrogen-free 
conditions grew well. In addition, Ct10201 isolate has no 
special requirement on vitamin. Therefore, a modified 
growth condition for isolate SGI 1041 was evaluated by the 
cost-effective method as 4% glucose, 1% yeast extract, 30℃, 
L:H=0:24, PH=7 or 8.  

4. CONCLUSION 

Low coefficient of variation and stable deviation rate 
were found among the data calculated by different scan reso-
lutions and the standard area units from different observation 
data. Therefore, the image assessment accurately detected 
the extension area that could be hopefully applied to other 
measurement easily and cost-effectively, even for modeling 
microbial growth. Although there are no comparisons with 

commercial equipments in this study, because of its accuracy 
referred to reference circle and cost-effective facilities need-
ed, it truly seemed to be an alternative method for some 
young economical laboratories, especially for those which 
lack funds for purchasing the relative equipment. 
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