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High throughput root architecture quantification and three dimensional reconstruction system of oilseed rape
YU Chang - bing' , LU Xing’* , LIAO Xing', LIAO Hong’
(1. Oil Crops Research Institute of Chinese Academy of Agricultural Sciences, Key Laboratory of
Biology and Genetic Improvement of Oil Crops, Ministry of Agriculture, Wuhan 430062, China;
2. Root Biology Center, College of Agronomy, South China Agricultural University, Guangzhou 510642, China)
Abstract ; Plant root architecture, the 3 — dimensional (3D) distribution of different root types in soil, is a key
feature for plant to acquire environmental resources like mineral nutrients and water, especially under limiting con-
ditions. Increasing attention was paid on methodology research and resulted in substantial progress in describing and
quantifying root system. The advances on phenotype root system had been briefly summarized in this paper, with a
special focus on a novel high throughput root architecture quantification and 3D reconstruction system (root 3D sys-
tem). Oilseed rape is an important oil crop with a fine dense root system difficult to quantify. Accordingly, im-
provements had been made for oilseed rape on root 3D system from root growth to imaging system, which allowed
greater image sensitivity, higher efficiency, and a broad array of growing conditions. The performance of the upda-
ted root 3D system had been evaluated and proved to be highly reliable. To illustrate the use of this root 3D system,
the growth dynamic of oilseed rape root was quantified. Further improvement for the system was also discussed.

Key words: Oilseed rape ; Root architecture ; Three dimension ; High throughput;in situ
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Note : A ;overall side view;B:rotating parts of front view; C:vertical view. 1 :top lighting. 2 .fixed frame of side lighting. 3;side lighting. 4 :imaging tank.
5:3 = D root fixed frame. 6 :magnetic wheel. 7 :tank racks. 8 :stepping motor. 9 :bread plate. 10:camera racks. 11 ;camera. 12;socket. 13 control box.

14 ; curtain. 15 :computer
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Fig.6 System diagram
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Table 1 Types and length of different wire combination/m

I #H4 Combination
Type A B C D F G H I
#30 0.3 0.6 0.9 1.2 0.5 1 1.5 2
#26 1.2 0.9 0.6 0.3 0.25 0.5 0.75 1
#24 0.9 0.3 1.2 0.6 0.15 0.3 0.45 0.6
#22 0.6 1.2 0.3 0.9 0.1 0.2 0.3 0.4
X22 X24 X26 X30 Y22 Y24 Y26 Y30
#30 0.5 1
#26 0.5 1
#24 0.5 1
#22 0.5 1
722 724 726 730 E22 E24 E26 E30
#30 1.5 2
#26 1.5 2
#24 1.5 2

#22 1.5 2
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Table 2 Evaluation of system performance
. B/ em KPEKRTEEE/em KV /NG /em EEBREE/ em MRIH
Rﬁﬁ Length Max width Min width Max depth Tip count
epeat C H C H C H c H C H
I 257.1 213.9 20.4 18.1 19.2 15.1 25.6 21.5 492.0 109.0
I 253.8 213.1 20.4 18.1 19.0 15.7 25.6 21.4 472.0 104.0
1 256.6 216.2 20.3 20.3 18.6 15.5 25.6 21.3 491.0 115.0
v 255.2 215.9 20.5 18.2 18.1 15.1 25.6 21.4 438.0 110.0
\ 261.2 216.2 20.5 19.2 18.6 16.7 25.7 21.4 479.0 112.0
Vi 254.9 212.4 20.3 19.9 18.6 16.8 25.6 21.4 419.0 119.0
SEY{H Average 256.5 214.6 20.4 19.0 18.7 15.8 25.6 21.4 465.2 111.5
tRifEiR Standard error 2.62 1.67 0.09 0.96 0.37 0.76 0.02 0.05 29.98 5.17
AR S Z K0 Variable coefficient/ % 1.02 0.78 0.43 5.03 1.97 4.83 0.09 0.25 6.45 4.63
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Table 3 Correlation between measured

value and actual value

KA Bl 577 7% HHRFEL

Relation Regression equation r
3D {5 2D _ .

3D value and 2D value 7 =0.966x+9.201 0.960
3D fH 5 5L FR{E _ .

3D value and actual value =0.724x+19.36 0.976

by

e v=0.727x+14.4 0,986 °

2D value and actual value

2 PR n =24, =+ FORFEAR

Note:n =24. # * denote statistical high correlation
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Fig.7 3 - D reconstruction of root system for oilseed rape seedling
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Fig.8 Root growth dynamic under hydroponic conditions of oilseed rape seedling
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