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Abstract: [ Objective | Leaf stomatal is a main channel used as exchange matter between plants and
environment, which is very sensitive to environmental changes. How to calculate stomatal area and
openness data quickly and accurately still lacks mature methods and techniques. This paper aims to
explore the quantitative calculation of leaf stomatal density and stomatal area, and provide reference for
future research on plant stomatal by this way. [ Method | This study chose the leaf of Fraxinus
pennsylvanica , Ailanthus altissima and Sophora japonica as objects, analyzing stomatal information by
multi-scale segmentation and classification recognition and classifying the leaf stomatal microscopic images
via eCognition image processing software. The stomatal imagines were classified and identified based on
the spectral characteristics, brightness characteristics and geometric features of the objects. | Result ] The
results showed that the best parameters of the stomatal division and the combination of automatic
extraction rules were; scale parameters 120 — 125, shape parameter 0. 7, compactness parameter 0.9,

brightness value 160 — 220, red light band > 95, shape-density index 1.5 —2.2. [ Conclusion] The
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precision of stomatal density and stomatal area extracted by this method was 99.2% and 94.5% ,

respectively and the results were satisfactory. So the method is suitable for rapid extraction of stomatal

information in plant leaves.

Key words: eCognition software ; stomatal density; stomatal total area; multi-scale segmentation
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Leaf traits of three tree species

I X Leaf area/cm?
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JiiHh Texture BB

BEFP Tree species
N e Park

38 Street

Leaf hair condition

24.637 +£1.432

I Fraxinus pennsylvanica
M Ailanthus altissima 45.017 £5.230

[E#E Sophora japonica 11. 134 +£2. 005

21. 866 +2.209
36.940 =4. 043

8.903 +1.002

5t Coriaceous Y& Smooth
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Fig. 1 Flow chart of stomatal extraction on basis of eCognition
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Tab.2  Significance difference analysis in interpretation results of stomatal images based on segmentation parameters and extraction rules

A5 SR IR ZH ] Inter-parameter B8] Inter-environment BFNE] Inter-tree
Source of variation F P F P a P
S EIBH Segmentation parameter 28.675 0.000 1 14. 507 0.982 1 18.092 0.3410
S Z FFk Brightness characteristic . B . B . .
S5 JEHFAE Brigh h, isti 63.564 0.004 5 25.991 0.453 2 25. 667 0.543 1
i Spectrum characteristic 45.321 0.003 3 34.987 0.067 5 32.131 0.204 1
JEARFFAE Shape characteristic 7.834 0.002 1 2.012 0.078 5 18. 098 0.982 1
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Fig.2 Scatter plot of d-value between multi-scale segmentation and measured density
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Tab.3  Threshold range of classification object feature
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Tab.4  Threshold range of the best segmentation parameters and extraction rules

53 HI B4 Segmentation parameter

PRI Extraction rule

S8 Parameter

[F{H 75l Threshold range

HLI Rule [5% {8 75 [l Threshold range

SR Scale parameter 120 ~ 125 TEPEHFAE(H Brightness characteristic value 160 ~220
JEARZ L Shape parameter 0.7 216 B Layer 3 red band >95
EHESEL Compactness parameter 0.9 JEARAFME(E Shape characteristic value 1.5~2.2
x5 RTIRBHEE
Tab.5 Accuracy of stomatal extraction
SALEE/ (A mm~?) SALm
. Stomatal density/ ( number+mm =) Stomatal area/pum’
b L o N . 5 N
) , PRIBE B 2ME . FEIE B E 2{H )
Environment Tree species o B Vs
Extraction Measured Deference Extraction Measured Deference
Accuracy Accuracy
value value value value value value
SLHE Ailanthus altissima 179 £9 176 =7 2+2 100.0 341 +15.7 331+£22.4 10.5x1.3 97.1
A3l Street A Fraxinus pennsylvanica 284 £6 285 +7 1+1 99.6 185 +16.4 196 £19.6  11.1+2.6 94.4
E# Sophora japonica 247 £10 249 +9 2+1 99.1 310+21.5 318 £21.2 8.4+3.2 97.5
SLHE Ailanthus altissima 229 £7 244 18 4=zl 98.3 233 x8.4 255 £25.3  11.2=x1.5 95.7
ONBE Park AW Fraxinus pennsylvanica 399 £8 167 15 2+£2 98.9 396 +12.5 158 £22.1 13.1+1.8 94.6
E# Sophora japonica 295 +9 198 £18 31 98.9 298 +13.2 184 +17.5 17.8+5.4 93.0
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Tab.6 Significance analysis in the difference between extraction result and measured value
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of deviation square of deviation square
P45 1] Inter-environment 0. 003 1 0.003  0.004 0.948 0.225 1 0.225 1.639  0.201
AN Inter-tree 2.867 2 1.433 2,195 0.113 0. 506 2 0.253 1.842  0.160
2 Error 232. 506 357 0. 653 48. 867 357 0. 137
ST Total 235.376 360 49. 598 360
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