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Imagery Acquisition Methods for Root Analysis in Crops under Field Conditions

Yoonha Kim"'

ABSTRACT Roots are the most important organs in plants that absorb nutrients and moisture from the soil. However, owing to
difficulties in root data collection, root research is still poorly conducted as compared to shoot research. Recent advancements in
crop phenotyping, through advanced imagery data, are rapidly increasing, and artificial intelligence has been applied in various
crop root research. Depending on the purpose, different root analysis methods have been developed that measure roots directly in
soil or after separation from the soil. Each method has its advantages and disadvantages; therefore, it can be used in accordance
with the research interest. Therefore, this review introduces root analysis methods that use imagery systems to help domestic

researchers precisely study plant roots or root architecture.

Keywords : root architecture, root image, root phenotype, root research

ZHEo) 4 Wej BejHoz ABAE A7
3 Wyl ohel EFORRE FRI} £EE
Q7 ATE FHKim er al, 2021). LA

e B 90| §RE ol] 919
Z

2 glop O
Ir

Jis)

ok

J_HHU%F
=

oy
rlr
-
B
iy
Am
ox
o
s
2 O
o
_E
o O
o H
o
O
ol
b
JSEL
ruo
= = @ Oé“% o2 FlF

Ho oX
B Ho (v ol O Bl fr K X Az o nlo

al =
E}(Trlpathl et al 2021; Zhao et al., 2017) E3|, 2=
ool A H 8% P4 F studel= Al
Ao 0131%0§ Qlsff AetE FeEAF(Hol, FA)=
ol o] &sAU E= AR RFFS S Ho
A S AR 5ot HAlE ZE5IUtHKim er al.,
2020; Walter et al., 2015).

23 QaA) ST} oldm, AR B 4 9)

L TR AZEg o So] F43] WS HHA U8
oRAE ARG EA ] Thket oful 7| 4] 70| ]

1L QJtChung et al., 2020; Water ef al., 2015). £53]|, d|9]
H A& 71 AR Egl s oju|XE &

3 A5 A& xdgo LSt Wl HA S35,
e}, 2 *“Eliﬂr Q% 9 ROk 2 %ﬂﬂb} 28

=S| §jx1] _}(Phenomws)olﬂ-
i sk, Aol FF H o *g’&%l’oﬂé, ol wef A
9 o St 22 Fofof| S8 thNoh & Kim, 2018).

Tripathi ef al. (2021)2] X ilo| w29 3 #a)o] ez
% F224 545 RGB7H2HE S &5 o]Ad(Two-
oju|AE 7¥te® 7A53AL, Chung er

dimension, 2D) al,
s=gh 7 e 2

al. (2020)= RGB7IHZE E3f 3 =z D o|n]
A% ol g3t Wel5o 2719 428 Umnet Yl ZEE 3
L35to] BA3gTE oA Y o|nx|E o]&3d}o] tieksk 2+

o4 Weje] Fen o TRH B4 BAo| /byl B
DHAA Sl A We] LAol ek wilo] HAT, B
Hohid sk ATAEY ALY JET AFEH W
el i FRE 4 2L & g Ao) @doltt. of
® ol fol A B eRel A ofulx Y
WHET o5 A, wHE 2hste] e

e ARSIl Esol HaAk 33l

VAR S8 H st} 2w (Assistant Professor, Department of Applied Bioscience, Kyungpook National University, Daegu 41566)

"Corresponding author: Yoonha Kim; (Phone) +82-53-950-5710; (E-mail) kyh1229@knu.ac.kr
<Received 12 October, 2021; Revised 25 October, 2021; Accepted 1 November, 2021>

© 2 9¥x|9 M2 =S| Aoy, 0|9

FHEIY SHE SYUH

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



xge|

EQ0lM AlEH2IE 22|51X| i EAlsk= il

A5 W) o] 22 12E 2T (root cap), H&(meristematic
zone), A% tl(elongation zone)@} AJ < tl(maturation zone)
2 el 9w, YAFRE Bo2Y, B2y 0 9B
2R 07 AT o] 9t Wachsman ef al., 2015). A& B
ol szl S lsiol B ol
o] glowl, welge mofmte] HEsE WAL sufstol
Epomny S o HEE i) ol ek
et al., 2001). Bof A B g2 = 545 2|(phosphorus)?]
63%7}FS S48k Aor Buskelar, 3709 At wo
A BeEE o] HAjo] F FHA ] 60%°] Ertrial B
a5t Ma et al., 2001' Yamaguchi, 2002). wt2tA] A&
o f W o] FoolGEET VAW ATE Asal
7] glalAl: Beldol gt YT} Bajo] Wasic), @
ge meo] mulAzelA HobE N ZoluA =
A3 71HsHA skl Q7] wiZol BEokolA AEAE

28 A giFEe] RS AAEHKIm ef al., 2020).
o|& ool A "41?594 Fojg B4 g de <l
A &= T%‘XHHH Z710| A X3P = oA QLEP(Ma et al.,
2001). 2 B2 AlA EQFoA ALEQ AES fjarez
== —Er’—‘iﬂ = Sle 7l&o| Zasith

Field rhizotron E&

Rhizotron¢] gt &-0{+= u]= United States Department of
Agriculture (USDA)%] Norther Research Stationo] 1+ <
FAEe] B 2 & o W] BESA 1ok
THBusch et al., 2006). ¢ WH2 74 2249 T2 drilling
bito] Agste] EGF oA dRACR gt FH £
3t #2 AYSte] field rhizotrond ZAI3E ThS XA
A A AufshEA] o] Wg A=E Tt I Sof
7hiletE AFdste] sk Zlo|th(Fig. 1A). Rhizotron
3BE LAZIA 4B AT & slons o 2
259 $AAASS YALOR 420 AUST Beo)
4, T S e oI 2 oo e
g BAL 7l=s3sict= Aotk X9t filed rhizotron 1=
I g-gof @& H-go] 57| wiZo| w7t7]e] ofu ™ %
H]o] A2] 9 §o] o] Tl 7HA AL 1AL, e
5ot 7IAIE ol-&sioF 3H7] wioll o]-&ef ojA:
A|eko] 2K Table 1). E3F rhizotron2 EQFo A gt 2}
m’“ﬂ«] A 5T 5= 7] ool —"T‘— %L% &l &

Py AA AHERolA ARG A A
?%% = Aotk At A&E9 *“Tviﬂ l% Hejo] A

o eI S thehyy] tEo] Eofu} SHishA &

CEIERE 453

~

SR 4S5 R o 54 Wao| Hlo] o L=
A5k §ARHE Uehiel Bopk Tae] olsle TS
7FA| 2 QUth(Fig. 1) (Table 1).

Slanted tube insertion Eltd

Field rhizotron2 B8] A2 <3l AT olA
A F5817) ol2he Aol WAlole). olg AustA} L
oFst ®Hi o] slanted tube insertion W o|th(Iversen ef al.,
2011). 91 WS A4BE a5 Wolslo] §42A &
Aol |25 o AEA FHo] £y SetAE TS v
25T WRK(ef 450) 082 AFdste] AE9 B
i olth(Fig. 1B). o] X

2
lo
fr
ol
_\;

AolekTae 1, 29l etc
Ao W8T F DA BAo] v
oA Zlo|2 Yo] HygE
FiellA Zolol uE
T U= Bk ofye) BieE o
2ict. BHH slanted tube
gaE A7) flaiA soil
coring machine©o| Z e} ZatAElT A9
of wolm=7} ¥hE 5= 9131, rhizotronHo A AFdH A
3} o] FjerE o) 5T
of e Ao whet B RS ofelgo] TS 4
9ltk(Fig. 1C) (Table 1).

zo Ml 4n
N
=
o
il
Hrt
o2
r.l
o

o
.=
, o
oL
rE
tlo
O
l-m

gt
1=
oX,
[o

(

N
o

o)
N
e
oo oy Nk
rUE
oX
)
i

o .

insertion HlEH o

L

i
mE
Sl
)
b
. ox

EYoM AEHEIE 225t EAsk=s W

-2 a) oo A 7P HEA 02 AFLE
oA WS AT F BE AHsle] BASH=
Z oju Bt o] HHSIE Y] Mo AHg m
g PAE W Shpol e HASE 44
25}t Trachsel et al., 2010). 1A 2
W A =5 ashe Ao
et al., 2020). 3}A|9F L Sof o|m|R= i
et mRaBS0] AUEEA 2 Beje] et W
724 54 B4 olulxo) $8 54 g

(Chung et al., 2020; Kim et al., 2020; Tripathi et

M o

ofi

m-ln
42
yo 4
2
-+
=2

4
N
i

1
]
—I>

o

r{m

O
gl
™ o
o
ol
(S
3;

al., 2021).

Mini studio &

Mini studio= = X|Z 7oA Big] o]ujx|& 25}7]| ¢



JSHAE
7 O]OHK]' T O]‘:]'(Flg 1A). 7] o]u]x] Y]
7] S8l BE7t FREe SHS U

=

Table 1. Root analysis methods under field conditions.
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Type Name and description

Pros and Cons Reference

Field rhizotron

® Using a drilling bit, make the
hole horizontally, then put the
transparent tube into the hole

® Small camera push into the
established tube, then measure
root traits

Pros

® Measurement of root trait in field condition

e Full lifespan of plant possible

® Detection of root hair possible

Cons

® A small part of the root is visible

e The difficulty of separation between root and
soil depending on root growth stage

® To establish system, a huge amount of money
required

Bush et al., 2006

Slanted tube insertion
® Using a soil coring machine,
make the slant hole, then put the
transparent plastic tube into the
hole

® Small camera push into the
established tube, then measure
root traits

Non-destruction

Pros

® Measurement of root trait in field condition

e Full lifespan of plant possible

® Detection of root hair is possible

® Establish-expense is cheaper than rhizotron

e Easy to remove plastic tube

Cons

e A small part of the root is visible

¢ Difficulty of separation between root and soil
depending on root growth stage

® Insertion of the tube is difficult depending on
soil type

Iversen et al., 2011

Mini studio

e Using wood panel, set up a mini
studio. Back side of the panel
replaces with LED lamp to
supply backlight. This method
can easily collect clear contrast
root image

® Root samples hang on a clip that
is attached to the roof

® Small camera place in front of a

Destruction root, then collect root image

Pros

® Cheap and easy to move

® Measurement of root trait in field condition
® High quality of an image

® Detection of root traits everywhere Chung et al., 2020;

Cons . .

® Measurement of the whole root system is Trip .athl et al, 2021;
. . Kim et al., 2020
impossible

® Disconnection of root particles when root
samples take off

® Much time is required for separation and
wash of root depending on soil type

Scanner

e After root washing, the root
sample place on a transparent
plate containing clean water,
then capture root image

Pros

® High quality of an image

® Various types of images can be collected

® Maximize in detection of root sample early
growth stage

Cons

® To reduce noise, the overhead light is required

® The scanner size is restricted, so the big size
of the root can’t measure

Pang et al., 2011
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Reference: Cai er al., 2016 (Fig. 1A)
Courtesy of Prof. Chae-In Na (Fig. 1B, C)

Fig. 1. Root sample collection by a non-destruction method. Fig. 1A and B show field rhizotron and slanted tube insertion,
respectively. Fig. 1C reveals the actual root images using both root sample collection methods. As seen in Fig. 1C,
the initial white color of the root gradually turns to a dark color, similar to the color of soil. Thus, annotation of root
area is more difficult in the late growth stage than in the early growth stage.
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(A) Mini studio

(B) Scanner

Fig. 2. Root sample collection by a destructive method. In Fig. 2A, the box with the red dotted line indicates the LED light
which is used for the backlight to collect the monochrome image. Fig. 2B shows a scanner for the detection of root
phenotype. To collect root images, washed root samples are required. Root images are captured by spreading roots on

a transparent acyl plate containing clean water.
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