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Root Phenotypic Detection of Different Vigorous Maize Seeds
Based on Corrosion Growth Algorithm of Image

LU Wei'? LI Ye'* WANG Ling'? LUO Hui'?* SUN Guoxiang'> WANG Xiaochan'”
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
2. Engineering Laboratory of Modern Facility Agriculture Technology and Equipment in Jiangsu Province, Nanjing 210031, China)

Abstract: The root phenotypes of different vigorous maize seeds vary a lot, and imaging roots of growing
maize is a non-invasive, affordable and high throughput way to detect it. However, due to the block of
soil, acquiring a complete image is difficult. An algorithm was proposed to repair incomplete root images
and based on it, root fast non-invasive phenotyping detection can be realized. Firstly, a cuboid
transparent container without cover was developed as mesocosms and the maize seeds were planted in it.
The maize roots grew in soil against two acrylic plastic surfaces due to the press of the small growing area
to acquire more root details during roots visualization and imaging. Even though, parts of the roots were
occluded by the soil which meant that it was tough to extract the information of root general physical
construction. For recovering gaps from disconnected root segments, corrosion growth algorithm was
proposed based on the physiological characteristics of hydrotropism, geostrophic and continuity with three
steps which were root image thinning, corrosion and growing processing, respectively. The experiments
indicated that maize phenotyping parameters were negatively correlated with seed aging days. And
specifically, root number, root length, root width and root extension length of unaged and 14-day-aged
maize seeds were decreased from 14. 80, 83.50 mm, 1.53 mm and 82. 70 mm to 4.38, 36.90 mm,
1. 38 mmand 54. 6 mm, and the growing speed of them were changed from 1. 68 per day, 8. 80 mm/d,
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0.06 mm/d, 9.0 mm/d to 0.70 per day, 4.3 mm/d, 0.05 mm/d and 5.70 mm/d, respectively.

Whereas root extension angle is basically irrelevant with the level of maize seed aging. The developed

cuboid transparent container without cover can push each root growing along the wall of the container

which helped to acquire more root information. The presented novel corrosion growth algorithm can

recover the missing parts, even for big gaps, of maize roots effectively according to root morphological

properties. The experiments showed that the proposed method can be applied to evaluate the vigor of

maize seeds which had vast application prospect in high throughput root phenotyping area.

Key words: maize seed; root phenotype; seed vigor; corrosion growth algorithm; image repairing
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Tab.1 Data records on day 7 of unaged roots

PSR RIN/%  RTL/em RTW/mm REL/ecm REA/(°)

) 12 83. 00 1.55 8.06 32.65
SEBRAE 12 86. 48 1. 60 8.24 33.00
TR/ % 0 4.2 3.5 2.2 1.1

x2 BUIIRRHE
Tab.2 Root data records of three days of aging

B RIN/Z  RTL/cm RTW/mm REL/ecm REA/(°)

W 9 77.20 1.53 7.62 47.2
SEBRE 9 80. 40 1.58 7.78 47.7
TRZE/ Y% 0 4.2 3.8 2.1 1.2
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Tab.3 Root data records of seven days of aging

EHBEL RIN/4  RTL/em RTW/mm REL/em  REA/(°)

W) {E 6 46.20 1.38 6.02 44. 30
SEPRE 6 48.23 1.41 6.17 45.09
R/ % 0 4.4 3.2 2.6 1.8
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