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Abstract. There are a number of applied methods for determining morphometric parameters,
including the area of leaf blades of woody plants: millimeter graph paper method, method of
direct measurements, punching method, and planimetric method. The analysis and practical
application of the methods in the test mode revealed their shortcomings related to inaccuracy
of measurements, experiment duration, and equipment inaccessibility. Many researchers
have successfully acquired digitized images. However, capturing the parameters of the
considered structure from the monitor screen is often impossible due to the low availability
of morphometric programs and their high cost. The purpose of the work is to evaluate the
effectiveness of existing methods for determining the area of leaf blades on the example of the
birch genus (Betula L.) trees and to accumulate the algorithm for determining morphometric
parameters of birch leaf blades in the Adobe Photoshop software package. We have developed
a method for determining morphometric parameters of leaf blades of woody plants using the
Adobe Photoshop software package. The research subject is the leaf blades of birch trees.
This method requires: blank A4 sheets; a ruler with an angle of 90°; transparent adhesive tape
(scotch tape); and a scanner. We draw a reference square of random (but fixed) dimensions
in a random corner of each sheet, step by 10 mm from its borders, on a blank A4 sheet using
a ruler with an angle of 90°. The square is placed strictly parallel to the sheet borders. Then,
leaf blades of the desired wood species are attached to the sheet with scotch tape. Using
the scanner, we convert the workpiece into electronic form and upload the image to Adobe
Photoshop. In order to receive morphometric parameters, you can use the following program
tools: “ruler”, “magic wand”, “magnetic lasso tool”. At the same time, it is possible to
automatically select the borders of the studied object, which helps to avoid subjective errors.
The resulting measurements are displayed in pixels and then converted to the required units.
The obtained data is verified using the reference square. Verification showed that the method
accuracy is more than 99.9 %. The proposed method allows to perform fast and accurate
measurements of morphometric parameters of leaf blades, without requiring the purchase of
expensive equipment, which makes it available to any researcher who faces with the task of
measuring the surface of leaf blades of woody plants.
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Annomayusn. CyiiecTByeT psii METOJMK ONpeAeieHuss MOPHOMETPHUSCKUX MTOKA3aTelNeH,
B T. 4. IUIOIIAAH JIMCTOBBIX TUIACTHH IPEBECHBIX PACTCHHMIl: METOJ HAHECEHUS] KOHTYPOB
JIMCTHEB Ha MIJTUMETPOBYIO OyMary, METOI TpOMEPOB, METOT BBICEUEK, MITAHMMETPHUYCCKU it
MeToJ. MeTompl MpOaHATM3UPOBAaHBI W TPUMCHEHbI B TECTOBOM pEKHME. BBISBICHBI
UX HENOCTATKH, CBA3aHHBIC C HETOYHOCTHIO H3MEPEHHil, MPOMODKHTEIBHOCTHIO OIBITA,
HEIOCTYITHOCTBI0 00opyznoBaHusi. Ilpobnema moiydeHHs onu(POBAHHOTO HM300paKEHUs
YCIEUIHO PELIASTCSl MHOTHMH HCCIISI0BATEISIMH, HO CHITHE MAapaMETPOB PacCMaTpUBAEMOTO
00BEKTa C DKpaHa MOHHUTOpPA YACTO HEBO3MOXHO MO NPHUYMHE MAaloil JOCTYIHOCTH
MOpPHOMETPUYECKAX MPOrpaMM M KX BBICOKOHW cTOMMOCTH. Lleab paboThl — OLICHUTH
3 (HEKTUBHOCT CYIIECTBYIONIMX METOIOB OMPE/CICHHs IUIOMIAAN JTUCTOBBIX IUIACTHH Ha
npumMepe 6epesbt (Betula L.) n akkyMyIupOBaTh AITOPUTM OMPEICICHUSI MOPHOMETPUIECKUX
MOKa3aTeJeH IUCTOBBIX MIacTuH B makete nporpamm Adobe Photoshop. Hamu paspaborana
METO/IMKA OMPEACICHUS] MOP(POMETPHICSCKUX MOKa3aTeNneil JTHUCTOBBIX IIACTHH JAPEBECHBIX
mopoj ¢ uctonb3opanuem Adobe Photoshop. [Ipeamer rcciaeioBaHus — TUCTOBBIC ITACTHHBI
JepeBbeB poza Oepesa. [y mpUMEHEHHs JTaHHOH METOMMKH HMCIOIb30BaHbI YUCTBIC JTHUCTHI
¢dopmara A4, nuHeiika ¢ yrmiom 90°, mpo3pauHasi Kieikasi JeHTa (CKOT4), cKaHep. B mpo-
W3BOJILHOM YLy Ka)KIOTO JINCTA Ha PAcCTOSHHUHU MO 10 MM OT €ro TpaHMI] U CTPOro mapai-
JIETIBHO MM TIPY MTOMOIIH JTMHEHKH ObLT BEIYEPUCH MOBEPOUYHBIN KBAAPAT MPOCTHIX Pa3MEpOB.
CkorueM Ha Oymare 3aKperusUIH JIUCTOBBIC TLIACTHUHBI. [Ipy MOMOIIYM CKaHepa MePEeHOCHIN
3aroTOBKY B JJIEKTPOHHBIN BUJ M 3arpyxaiu u3oopaxenue B Adobe Photoshop. /s momy-
YeHHss MOP(HOMETPUUECKHX TMapaMeTPOB MOKHO HCIONB30BaTh CICAYIONIIHE HHCTPYMEHTHI
JIAHHOW MPOrPaMMBI: «IHHEIKay, «BOJIICOHAs MANOYKa», «KMArHUTHOE Jaccoy. [Ipu 3Tom
€CTh BO3MOXKHOCTh aBTOMATHYECKOTO BBIICIICHHUSI IPAHHUIl UCCIEAYEeMOro 00beKTa, YTO IMO-
3BOJISICT U30ekKATh CyOBCKTHBHBIX OILICHOK. Pe3ynbTrarel 0TOOpaKeHbI B UKCENSX, a MOCIe UX
MEPEBOAAT B HEOOXOAMMBIC IMHUIIBI H3MepeHHUs. [IpH MOMOLIN TAIOHHOTO KBapara mpo-
W3BOJIST MPOBEPKY MOJTYYEHHBIX JaHHBIX. To4HOCTH cocraBisieT 6oiee 99,9 %. Ipennarae-
MBIil METOJI MTO3BOJISIET OBICTPO U Oe3 OUIMOOK OMPEeiaTh MOPPOMETPHICCKHIE MapaMeTpPhI
JIMCTOBBIX IUIACTHH, MPH 3TOM HE HY)XHO JOPOTOCTOSIIEr0 OOOPYMOBaHHUS, YTO OeacT
METO/I AOCTYIHBIM ISl JTF0OOOTO HCCIeIOBATeNs, TIeped KOTOPbIM CTOHT 3a7avya U3MEepeHHs
MOBEPXHOCTH JINCTOBOM MIACTHHBI APEBECHBIX PACTCHHI.

/s yumuposanusn: Babaev R.N. Application of the Adobe Photoshop Software Package
in Leaf Blade Area Measurement of Woody Plants // 13B. By30B. JlecH. xypH. 2021. Ne 5.
C. 185-191. DOLI: 10.37482/0536-1036-2021-5-185-191

Kniouegvie cnosa: Adobe Photoshop, Gepe3a nosucinas, MopdoMeTpryecKre napameTpsl,
TUTONIA/b JTUCTOBBIX MIACTHH.
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Introduction

Due to a wide range of useful features and properties, representatives of the
birch genus (Betula L.) are constantly within the field of view of foresters, botanists,
and environmentalists [2-6, 9, 11, 13, 19, 20]. When carrying out scientific work
associated with the determination of the biological potential of trees belonging to
this genus, and when introducing them, a necessary condition for substantiating the
prospects for their practical use is the study of morphometric parameters of leaves
and the determination of the assimilation apparatus strength. The scientific value of
these parameters is related to the determination of photosynthetic potential and net
productivity of photosynthesis, which is the basis for productivity assessment [7, 8,
15]. The current methods of finding morphometric parameters of the leaf surface are
rather cumbersome, not accurate and in some cases their disadvantage is due to the
research duration. However, a large volume of tests requires speed and high accuracy
of analysis.

The purpose of the work is to evaluate the effectiveness of existing methods for
determining the area of leaf blades using the example of birch trees and to accumulate
the algorithm for determining morphometric parameters of birch leaf blades in the
Adobe Photoshop software package.

Research objects and methods

The research objects were existing methods for determining the area of leaf
blades and the proposed method using the Adobe Photoshop software package.
Currently, several methods for determining the surface area of leaf blades of woody
plants are most commonly used. They are discussed below in descending order from
the most used in practice to the least.

Millimeter graph paper method (hereinafter referred to as Method 1). During
its implementation, a birch leaf blade was circled along its edges. Then, the area was
counted based on the 1x1 mm cells inside the contour. This method for determining
the leaf blade area is fairly objective and quite accurate; however, it is a very laborious
and time-consuming process that is not suitable for measuring a large number of
leaves.

Method of direct measurements (hereinafter — Method 2) [10, 18]. After
determining the area of a number of leaf blades by Method 1, their length (L) and
maximum width (W) were measured. Then, the circled contours of the leaf blades
were described by a simple geometric shape — a rectangle. The average filling factor
of the rectangle was 0.7 for the studied birch species. Leaf area (S) was calculated by
the following equation:

S=LW-0.7.

This method has a high error due to the scatter of the filling coefficient of a
simple geometric shape relative to each leaf blade, and the constant determination
of the coefficient in the absence of the performed Method 1 makes Method 2
unreasonably laborious. In our case, the deviation with respect to Method 1 was up to
28 % providing its unsuitability for accurate studies.

Punching method (hereinafter — Method 3) [12, 18]. In order to carry out
measurements by this method, we used undamaged leaves, which were previously
measured by the first and the second methods; their wet mass (M,) was determined. It
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was important that the leaves did not dry out. Punches of a certain diameter were cut

from each leaf with a cork drill, 5-10 pcs per one leaf. They were cut so that the sample

included both the leaf laminae proper and its central veins. Then, we determined the

mass (M) of all punches. The leaf area was determined by the following equation:
§=M,anD*M,,

where S — leaf blade area, mm?; M,— mass of leaves in a sample, g; ¢ — number of

punches, pcs; D — drill diameter, mm; M, — mass of a punch, g.

The main and critical drawback of this method is that the leaf veins falling into
the punches significantly increase the value of M, as a result the deviation from the
results received by Method 1 was up to 31 %.

Planimetric method [8, 14]. According to its description, the harvested leaves
are weighed and placed on the moving belt of an electronic device — planimeter. For
example, PLANIX planimeters allow to quickly and accurately measure line lengths,
calculate areas, coordinates, angles, arcs, and circle radii. Measurements can be taken
in millimeters, centimeters, meters, kilometers, and hectares. This method is quite
accurate, however it requires expensive equipment for implementation.

A method for determining the morphometric parameters of leaf blades of
woody plants using the Adobe Photoshop software package (hereinafter — Adobe
Photoshop Method). Adobe Photoshop is a multifunctional graphic editor developed
and distributed by Adobe Systems. It mainly works with bitmap images; however,
it has some vector tools as well [16, 17]. The proposed method is developed taking
into account the shortcomings of existing methods for determining the area of a
tree leaf blade and accumulates the possibility for determining other morphometric
parameters. The research method was based on the principles of a single logical
difference, suitability and expediency of experience [1].

In order to implement the method, we used the following equipment, software,
and materials: Kyocera ECOSYS M3540DN scanner; Acculab Vicon VIC-300d3
electronic scales with accuracy up to 0.001 g; ruler with angle of 90°; since the
scanner we have chosen for the study has a maximum paper size of A4, blank
sheets of this size will be required; transparent adhesive tape (scotch tape); Adobe
Photoshop (2020 trial version); freshly cut normally developed silver birch (Betula
pendula Roth.) shoots with typical leafing out and undamaged foliage after achieving
the size and shape peculiar to the species.

The course of the work is shown below.

The reference square of random, but strictly fixed sizes (test object) is drawn
on a blank A4 sheet by means of a ruler with an angle of 90° in a random corner, step
by 10 mm from its borders. The square is drawn strictly parallel to the borders of the
sheet. We have chosen dimensions of 25x25 mm. Thus, we know for sure its height,
width, and area — 625 mm?2.

Separate the leaf blades with a whole petiole from the shoot. Each leaf blade
with a petiole is weighed on electronic scales Acculab Vicon VIC-300d3 and attached
to the prepared sheet of paper with the square using transparent thin scotch tape. Next
to each attached leaf blade record the measurement values of its mass. In our case,
7 leaf blades with a petiole can be freely placed on one sheet of A4 paper.

Using the Kyocera ECOSYS M3540DN laser multifunctional device (scanner),
A4 sheets with attached samples are scanned. Scan quality is set to 200 dpi. Then,
open the resulting image in Adobe Photoshop.
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After opening the file, select the tab “Image Size”. Check the image settings
in the window that appears. Its dimensions should coincide with the size of the A4
size — 297x210 mm. The next step is to convert the resolution of 200 ppi to pixels/cm
for simplicity of measurement. The resulting value is 78.74 pixels/cm. To convert
that into millimeters divide that by 10 and get 7.874 pixels/mm. Thus, there will be
7.874-7.874 = 62 pixels/mm?2. If the scan resolution is different from that suggested in
the method, it is necessary to independently determine the number of pixels per mm
and mma?in the specified way.

The next step can be done in two ways.

Variant 1. In order to define leaf blade parameters on the toolbar (on the left
side of the screen), select the magnetic lasso tool. Clamp the left mouse button and
encircle the leaf blade carefully along the contour. After closing the encircling, the
program highlights the leaf blade as a separate contour.

Variant 2. Use the Quick Selection tool on the toolbar (on the left side of the
screen) to define the leaf blade parameters. Point the tool to the leaf blade and click
on it. The program will automatically highlight the desired contour.

Important. In this method, it is necessary to cancel the selection each time the
individual leaf blade data is received; otherwise subsequent values are calculated on
an ascending total.

After selecting the image using one of the ways, go to the menu: “image —
analysis — record measurements”. The resulting measurements are displayed in pixels
per inch at the bottom of the screen.

In order to convert values from pixels per inch to pixels per mm and mm?, use
the appropriate algorithm specified in the paragraph “After opening...”.

In order to measure the parameters of a petiole, use the ruler tool from the
menu “image — analysis — ruler tool”. Clamp the left mouse button and measure the
desired length/width. The resulting values are displayed in pixels at the top of the
screen — the “L,” parameter. Then, convert to mm in accordance with the paragraph
“After opening...”.

In order to verify the test accuracy apply this method on the reference square,
the metric parameters of which are already known. When checking the obtained
dimensions on the reference square, the following data is obtained: length — 24.98 mm,;
width — 25.00 mm; and area — 624.5 mm?2. Therefore, the error is less than 0.1 %.

Research results and discussion

When determining the area of leaf blades by various methods, the obtained
values differed from each other (see the table below).

The research has revealed that with respect to the existing methods for
determining the area of leaf blades, Method 1 is the most accurate. However, this
method is very labor-intensive, which is unprofitable in determining the area of a
large number of objects.

The method for determining morphometric parameters using the Adobe
Photoshop software package is quite reasonable, since it allows to determine many
parameters of leaf blades (length, width, and area) at once, almost eliminating the
factor of human error.

Moreover, the proposed method allows to archive the obtained primary data in
the computer memory and process it when most convenient.
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Results of determining the leaf blade areas by various methods

Method 2 Method 3 Ad""&:&fgs}“’p
No. | Method 1 deviation deviation deviation
m? from m? from mm? from
Method 1, Method 1, Method 1,
% % %
1 1262 1734 +27 970 -30 1269 +1
2 1332 1704 +22 1799 +26 1323 -1
3 1319 1730 +24 1459 +10 1332 +1
4 1223 1486 +18 974 -26 1219 0
5 1201 1496 +20 1609 +25 1192 -1
6 1264 1559 +19 980 -29 1254 -1
7 1106 1485 +26 1603 +31 1113 +1
Conclusion

The existing methods for determining the leaf blade area have many
shortcomings including the purchase of expensive equipment. The Adobe Photoshop
software package allows any researcher to quickly and accurately measure the
morphometric parameters of leaf blades.
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