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Research progress of root exudates collection technology. GUO Wan-ji'>, ZHANG Zi-
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Abstract; Root exudates play an important role in mediating the exchange of substrates, energy and
information within the rhizosphere in terresirial ecosystems. Constructing accurate and applicable
sampling system of root exudates to precisely collect the characters including the component and
concentration of root exudates and their responses to changing environments are a critical link and
prerequisite to understand ecological processes and information exchanges across the root-soil inter-
face. While both traditional and novel techniques for collecting root exudates aim to explore the
diversity and concentration of root exudates, current exudate-collection methods could hardly avoid
the damage of root system, the adsorption and release of root exudates by soil particles, and distur-
bance from microbial metabolism, largely because plant roots are highly associated with the sur-
rounding substrates and environments supporting their growth. Therefore, all root exudate collection
methods have their own merits and shortcomings. We systematically reviewed the widely-used tradi-
tional and novel root exudates collection techniques and compared their advantages and disadvanta-
ges. Furthermore, considering the significance and authenticity of field study on the rhizosphere eco-
logical processes in forest ecosystems, we proposed three frontier research directions regarding the
construction of techniques for collecting root exudates in forest ecosystems according to the limits of
current studies, aiming to provide foundation for related studies in the future.

Key words: root exudate; collection technique; culture substrate ; belowground ecology.

R 3CH AR ERRE BE T VR A T AU ST H (QYZDB-SSW-SMC023) | [ 5% [ AR B2 L 42 351 H (31670449, 31872700) A1 U I 4 T ni fF & 1 H
(Y8D204110) % Bl This work was supported by the Key Research Project of Frontier Science of Chinese Academy of Sciences ( QYZDB-SSW-SMC023) ,
National Natural Science Foundation of China (31670449, 31872700) and Key Research and Development Project of Sichuan Province (Y8D204110).
2019-01-09 Received, 2019-10-10 Accepted.

* WIR/EH Corresponding author. E-mail ; yinhj@ cib.ac.cn



3952 VA

ORI S

M

30 &

WA A Y b 38 5 L HER e a4l
A, FEAEA) A RO AR R R G M L A
AT LU A3 rp R RS HE A B AR R AT,
[ Ao, 2 1] - 358 ) R TS R AT LA S i AR £ 5
T I — 0 J5 R M B S f d 7% R A X3
WA HEMR R A A A B b T2 gl ) o] J& A
JRORE R I 4230 AL IR AR R A3 it AR R
SHIR SR 2 EEAAAE R TRV R CAPLER |
AR, nEYERE IR E S 2K YR
85 oW B (AR A0 L B B ORI
SR ) ARMBE TR (IR AR 45 ) 3 6 4
it AL — R 9 73 WA 1k T RE 2235 200 Z A AT
PULEY, t THOR BRI S B AR R - i 4
IR Z AT RS, 2 M AR S (A () ) AR
ZR o U AP R ] AT AE — E 22 5 IR L, B AR
T 5, AELIHR 2R T 23 I8 ) A5 1 R 288 T i e g A ok
200 Z AL IER W T At R 2 AR R 0 i 1
PR RE R A AR B - R B AL AR oy
Rt RIS ARAR PR L SR AN [R] B .

HRFR G WA e A ) 21 B S B T 7, X
AHL T A R GEAS R AT RE A AR E A L
WFFE I, 2R 43 WA AT L3 ok A% 3 R ek
SRR R A= e s, T K S A 5 e R B
BRU A AR R S W AE AR S 4 51
7R IR ) sl 1) S5 X AR B A P e s Al R R 22
RV e 2R, JE TR — R 9 L AR A e
P W R T AR R A I v I R B 2 435 1 5
AW E A AT DL N 3 TS Qe (N 238058 19 AE
YR, BB A0 130 S AT ok — e
FEARW] AR 2R 73 MA ) i A R AR AR ) A K R )
FHOG MR AR 0 UB ) i AT /N R DU S A ) 57 20
F IS S 2 (8 — Fp AL DI RE IR, e A 4 K
HEACA 252 T A T S R, R IR AR R 4
WA o s A B E PERE BT B R AR
BRI RS2 E B Y A KRR
AL A HIFLEE ARPR R 850 5 D RE L
SERIT ST U A R4 5 Rl A R L, R R DG TR 2R 40
WA AR B BRI vk LA T AR B il T
PR R A KA h SR Al A T AR S R G,
AT RLIAR Z i) KRBT 7R LR 2 L
78 DI I AR R o I B S R R R
2% W e R M SRS (AR 2 23
IR Bt A RO AR JEHOE B AN AR T
VRO AR PR A 2520 P A ME ORI SCBE A DR I, AR

ZorUIBEN o A A AR SRR
Hh R XA E R E R B R 2 —.

TR WPIHEARPR IR 70 A D) HUER AL A6 ER
AR LU A W5 5 S8 T AR, O T AR
RHUEYAR R0 WA 0 5 &2 A5 R, AR
ARG H R T A2 A AR R - AR
DR AR O SRR, SZ B S 5 1 AR T B
BRI, LA B A G A AR Boiod R A 5 B 5 38 DX Sl 5 A
PASE PR A 7= 1A S f6] , S U 0 A AR 2R o0 s i
SEFRBIWITEZ e h e N T 400 T (928 % 41
By B EURIEAE ) AR R AR A5 A A K A
Yy, A RARMAE S R G AR ARA PR R 70
DA P S AT WA AR A X e = ) I AR Ok B
PR KR AH PR Z 70 W) i OB B AR AE A
W e 5 R A JRE | JEHE R 1 1 AR bR AR 25 2 B A i S 4
FERI R TALHE T — 2R AR R 230 W) J o i 4 42
AR H AT (9 25 Rl A 5 AT AE A5 F I PR
AT HRT B Z X MR T v I R G, A
P52 A ) 2 A R A1 i S 26 1 P 7 T 3
T O SR I AR A FH A — 285 AR 28 70 AL
Tk CRE) AT RGN A, T IR A FLE S T
ANRIZERI G T TR A DL R TR B AERR B, 255 FR AR
MRPR A2 BRI TS 7oK B T RS ARARAR
F I3 WA BARAG NG it 2 B G
FEIT 1], LA R S AR 58 35 TF e AR MR 2R 0 8 Wi
T B A SRS AR T AR S5

1 RESWYENKET E

FE TR AR RS PRl A 7= R AU B
iR, — LB IE e AR TR AR R A2
AR R I K T A2 AR AR - I N B T i
SACE PR N IO A R R R
PR A4 T AR 2R 20 W W 5 4 IR OHC o £
RE (k) 2 SRR R T IR,
B> N AR SRR R o WO 7 ik I S AR
P IR J7 1.

L1 ARESER R PN T i

FEEGEEAR R - B J7 18 B e — L 4t
(7 WA B 7 1 | 3 R SR B BTN ], vl g H 4
TR TE B vE BERURT R vk
L L 1B IRlaR T, il R e vk — i
PRI IRk, R f BT R o i 1) — AR 28 70
PN T 18 3% 07 1 s T JC K st i i R )
AR ZRTCANNAGLA: D3 700 i 4K rp 5 57— B



11

WL HRR I IBPEEBARBTTE E 3953

15 BRI RE IR, i U8, P i A Al 2%
BRIRor B A BIR R .

FURT, 2 T Ge it o 0 8, — LB AR
P H A BETE 1 AR B AR 28 0 i My Wi S L
T WAL S TSR RCR AN, Keerthisinghe
SFURT TR R R ORISR SR K S AL
PP SR R . B L B T —Fh %
AR AR 22 00 M ) JC O 3 e, T S DK S A )
WA U JC RO | /D T (A 1 B 15 e i
IRV XA A R T — RO & AR 2 5 4
WOR ok 128 AR R AR X T B AR T A=
KPR RDE IR R | SRR B A8 T 52
Wi AL )RR 28 0 A R TR A TR 2 e v A m] A
KA E TR SR, J e i+
AL, Al SR AT AR AR I B A TR (18T 1)

R SES P (RIEE N E SUREDOR i
PN A3 2RAS By ST 30 73 WA 3 BRI, AT
DAl 42 ) T T A% 174 0 3 S TR 2B 0% - B W 1)
F AT, DR R ™ AR T W R W B o
PR 2 AR 3 A A LA [RDRE 1) 3 7
PR R WA P R ARE AR RIS 2
B, 440 A BRI REIRSS , T RETEBRAECS T
A B SN ) I A A PR TR TR s 77
VRS AR 3R 43 M W 5 S A S A B I )22 ) i
BOTIR R HE D) — AR B & 7 8D, HARBR A 5%
(ChniE =OREL SR A ARR B A A
5 ARG T T IEIRBE A AR B R 22 51, R o =
EREXT 2 AR O BILARE F5 FIAR PR D AR 2R A Y
SRR, 3 46 R 3832 Wi AR R T A AR BAR 3R

B 1 Ota s SRR R e

Fig.1 Photosynthetic accelerated collection of root exudates

[21]

SrIBHI R Ak 2 Ay R R BOZ TR LR
IREAEYITE R I7 264 T ARAR 19 3 WA B0, AN
FLS R S e A AR AR F AR AR 0 I L, PR
K2R T 28 AR AR 2R 20 I LB
112 BsfcsEdk R4 iR R AR A T
g — Bt (] A AL AR AR U 2R 1K T R AR
P M€ Bt i 38 2o 52 3 0 el DB A BUAR AR o
Pyt TRy A A B ORI AR R S AT
o3 MELLSE S HERR T ARAS B i B O H—%E
R P b AT BT AR AR AR 3 5477 , AT ol i 4R 31 4 AR
T U] BE S A IR A B 5 S A
HT U, SR A SRS Rk T —
LERIHR R P B/ AR R 0 WA Wi B 2 . A v i
INGEDOUR BT —Fh e L PVC RIS
TR WS SR ZE B BT (S8 8 T TR RO AR 3R
IR E I B T U 28K PVC
PN B AT IO B, AT A - S B S AL S
Yy, B TR OIS SR, 220 — BUis 1] iy 15 57
IERERESTBuN S NBEIR N SRR S UTIE SE e i}
H REAF R E AR 2R 0 W ARy TR AT
RERE AR R R AR AR A IR TP L B ki AR B X6
WA IR I , Oburger %1 R B T — B4 R 5t
KR FOKAR R 73 I8 W) IR A e R B U2 T
A — SR TG - AR BRI U TR AR K, Y
FEARMRARAERBIREE 5, Al AE g e Ak i A S 57
T, ARAL B IFALAL SR 28 0 I ). 1250 B AN IR AR
Z 5 IR A AR A ROIRDL  RHR R TG, — P
BRI R WA AR B (1 2)  JCIB AR 4t L%
RS TR G+ HAE TR A& R 2R - I i s

b
B
=
B

1) % Upper cover; 2) A ALBRAFAi# RS Carbon dioxide storage; 3) e/ f5 Ventilation fan; 4) #i|FF5& Control switch; 5) £ 74l Culture tank ;
6) JERT Filter cotton; 7) JEAR Filter plate; 8) JEMH Filter; 9) K45 Rubber tube; 10) JZ##: Chromatography column; 11) ZE 4K Pump body; 12) 1
¥ Plant; 13) £55#8 Culture plate; 14) "1%Z% Flange; 15) Ff#R Separator; 16) B JXFL Ventilation hole; 17) £53%4T Culture lamp; 18) HLREEF Sole-

noid valve; 19) 411 Tongue-and-groove; 20) 53 Air supply pump.



3954 N A

&l 30 &

BURR R
Sampling solution
reservoir

(M- X E
Plant-soil compartment

\

DEmE
Il Trrigation wicks

| ,_\ B~ s

BRI | Micro-suction-cups
Sampling b e N S J g&fﬁgg
/ lr B ‘ i Vacuum

W\

N\ OEELARE
Rhizosphere-soil
compartment

X

il |

Vacuum 10 / \ n‘
ot
I \ Ll

(BY/- W BRI (100 & 0.2 pm) \ JR BB (30 pm)
Exudate collection membranes Nylon membrane

ORRXE
Root-only compartment

2 WARGWYBERS

Fig.2 Root exudate collection system''.

PE, ST ICRIE AL X 20755 i T L
ARBE T A7 A AR AR A T LB R, BT 400 T A
Yy FLARAE BRSO SEBRAE 00, DR 1 3% 26 16 1 2R
(EAE R H AR AR AR I B R RE R TR RO AR
WA AR R i i AR T R A
KRG AW AT HIU A B A LA S 2
ARG AR, BOZ T35 P ARAS B 28 70 I AR AE R R
KB KA SRR I B i T A E LA
BITCTE AT, DA WA 3o e TG ok o B R Al
PRI 2R I3 WA Y R ).

L1 3 SRRl R T IR AR TR R
TR S s 9 2 0 i SR A D B
i A7 3 7R L AR TR A O
PRAERE FRIL T b 15 37 — B )5 3B | 28 4R K 5
AL S OO 25 7 B o L A HL , SR )5
X WSC AR B 14 3R V6 R0 A v A ek i B AR AR R o
Py T MR RN A — B A S
AR E AR A K P 19 A 207 o HLHA R
5t AN G SRR I o3 e A A ROV 38 SR
B A7AE—RE BIHUREE 1 55 D0, AR 2R 20 8 )
ARHSCER P A A A SR A D AR W Y A R
JTHOR 2 R i TR A7 SE DA A T PR OK fiE
H17E Hik Z A A KR s A8 BOCER , L, %07k
it 2 [ B TR S IS SRR AR AR 2R P B
BOCR AR O T R A% GE 3 1 IR R R i )
A T, —SeBE 5T 35 e A5 G 2k i 5 (9 2l L
BT T —RIVHIR R WP S, 20—

Sk AR R IR TR R
1.2 SR R ik

Ve 7 SRR 22 43 W AU Ty 30k 3 S T I A
FHIHL R 4TI & A R S R A 3 LU
LT TR L) KRR S TS G O LU AR R W EA T
ST 2 A5 U A ) R SR AR R A I ) i 4R
B 9% R G R RS AR B ICHREA AR R - 5
I 35 0T P R R (— Rk A SR Ol B R
JR) |, A2 B I 25 v AT B B SR TR, B SR TR 1)
B R Al S WA R U TR AR R A
Yy A DL TSR 25 h B A T s 4 T TE L
BT IR IR IR AE FE S AR T 3l e Ay sh St
AFIRGFR 7S a5 DT (5 25 28 10 Y14 0 34 3
Bl T — RS2 T P B LG PR AR 2R A i i B
SEE —RTERE TR K 2 A R R A Il
JFH AW B A (A AL, TR 2SR R 50 W i
LA NG gl 2 1 R R R e T, DT SE B AL I &
R Y —Em s, WER AR, FH A vk
JIE R AT AR 2R A I R B L R ke

T LASHAR ZR 4TI i A T S AR O L
SR R BRI N2 K5 7% 58 ke F A7 B | Bkkt 4
TIHLE 0 THE, SUAT LA 3 A 2R 4058 4o K
ARIRATREGAFS E R A8, 36 T DL A oS — e s
BRI R BEAR PR R 5 A ST T — R IR R Y
LR R W SR AR i, i A T
—ERER WY A SHIGA R B (K] 3) % E
WHRA LGN R HOHBRERS TG, =
PR3 5 Y O 0 A AR FL 0 BB, 7 5 B 2R A SR
TaEIE XAD-4 MBE, SR 5 B I B P, A 2R B
BT —AMEIR R G0 L %G R G0, R 4 Ik
W B E XAD-4 BEAE b, 22 )5 ] FH 2 Bt R W% B e v
JE LR/ N F A WL A1, Yoshitomi 267 #5417
— i JC BRI 2R A I AU 2 G TR AR R A s gt
77wl 5 G DUk E KRB AP BI, K
BT — o B AR 2R 2 I A s

AL, SRR RIS R G H RSB T
X AR 2 A I S RS W E AR HLAHAR
A W E %07 C AU = AR IR T R
YIAR 2 - I B 1 O s AR R T R G B i
B, R G0 BN 2 N A5 R T AR 85 A AR /I8 g A
PRANHT HEA AR 22 0 I B LB T AR, R REXTEF A A
SRECE T ORI IR AT 43 106 4 1 S0 A 5 5 i HL Pl T
T — R A BERD Ry 15 R, AR A AR B
AR S A SR T AP —E 2 57, 1 U -



11 3] WL HRR I IBPEEBARBTTE E 3955

(I "
NA seetogs
I Sl
C*fttzfn T —Aﬁ‘ _______

BTy EEE:_:_—_ 7 -_-E PVC pot

XAD-4 resin |
______ by
i Sieve
Cotton | 4 { HEHE ! LI
R N § Al i [lipore membrane
{ i

Peristaltic
pump__—

B3 ESAR R IR R SR
Fig.3 Schematic diagram of continuous root exudate collection

system[ 21

IR AR ) S Bt = M (8] 25 W A AR AR 2R 20
WIFBL.

2 RESWDMEIMNECWEE

FNEEFE T AR 2R o W AR R (oK B
B BEFRR L ) BRI DU AT A ) JC B A A, 7R —
SEFRIE b T 3 PR AR 2R 20 W A A, T 4%
T M R FH T 4R 2R I 0 RS T s e e AH iR
T W T IR AN 251 T R FARBR AR PR AR B
{5593 F (U PR 9 2 ik = sl A = 40 )
A - T 1 R A AN RO R I, AR R A I
WA ST FR IR T B2 B 1R AR 2R 32 BB IR AL 305 A
X AR BRI A DRI I T Xt Rl Rz S e T AR &R
Oy IR A AR G DA B A | AR 2R 4 I
TP 2 B %o ] L R 05 (O IR IRLEE K 43
IRy AR ) T o BRI 22 BRSNS A5 T
FEYIAEAE — & PR N SR A BRI, AT
P A5 F T RIS Y B — R R AR 3R 23 U i A\ &5 2
Al AES BN BR i AT SUAF R K 22 5% BRI T A
MIXTEF SR AT 254 T AE AR 3R 53 WP AR S L
A ETRETR AR,

BT AR SR AR 25T X AR AR BT AR R
PIFFE B SR A T — R AN R o i Wi 4R 7
R 7 A0 AN 25 1 T 2 155 3 a2 AR R s g it
A7 VAT T L AT BRG] 43 Ay D o7 b 2 A T4 40 SR
W
2.1 Rk

H TR A P sl /N BUE A R B AR R R
R HAMZ MR ZR Y TAEARXT 255 , R
XS AR R 43 W 4 D (S WAL T ik K 2 iy T2/

TUREPIAR 28 730 ) B WA il 202 38 R AR B
SRR JEUL B e B 1 R R ), o T 4
RIE R E AR TARAR R, — B )5 AT
(S, P FHTIRE S 90 (PP I RS 25 ) X 2 2 2% I
JEBTUBACHEDT 2 VR AR T3 BIAR 2R 407 %
7 i TR RN TR] PN X AR R 0 S ) AT WL, 5 e B0
T I HAT RIS AR Z A R 247 0 i M 4 SR
PRI, AT LSz R R AN ) R L ) 23 M O (R T5
TR JERHR R A I A RORZS = 2 T 4, gt
XA ZR R G3 UA T Bl 7 A — S R

UEAF R BEAE BRI T AR S E T BB TR A
X R AE S R G AR LEARAAE YR R 0 i ) i
PR B IEFE AR T 2R A5 1Y G B ER Y T
I, Phillips 5511 B3t T — B #AS I IR R ALIUE &
g8, LTI BRMAE S RGEARS YRR 0 WP AT
JEAESCEE (18] 4) 1% 7 vk T Bl S AR B A2 i
FRGEERAR, NEFRBIE M EERR LAY
R R AR RCE T —E RN RS B At
(1: DIRAYESEEL L K3 2~3 d G ET
NS THIRSCERAR R I ). R R TN
TSI LA Xt BRAAR 28 70 s oy wf LA S WAL 114 S PR
P, R LSS i 0T R 28 20 s ) R AT I Wi g H
SR AL AT AR TR BT 1) BB R AR B,
AREMEAR R LEAT ] v AR 55 A SR 25, kT m] RE R I
SRR 3 1 R 2) i T AT R R B Bk
TEARZR 7T WA I8 If mT BESE ZEFUEAE 5 3) 2 R
3 101 5 M 2R 22 ) 7 A 2 B SR 5 X o
WA IR — 5 B T5 Y

JEF LA LR B, ZE 3 BT AE A BAXT Phillips 4511
JITRA S 4 AR 2R 0 A e 2 B R D W e
177 S e O S R T (IS A

J\

BREEE o

l 5 UEH 3
BERETREDLIREY
TR, FET
NS ) \Eﬂ;‘?ﬁ, ;

BB 2-34d) %) 30 m

J

mL I-CHEM

40
W IRIRRIBIR/MR

B4 ARSI

Fig.4 Root exudate collection in situ''.



3956 N A

&l 30 &

B 5 RRSWYERERE B AR E R (a) FIEFIN AR R 2 LA (b)
Fig.5 Schematic diagram of root exudate collection device (a) and root exudate collection in field site (b).

A JEFEHTT Injection unit; B: WEEHLIT Collection unit; C; fHUEHIT Filter unit; 9) FHIEM Filter bottle; 10) EEBAY Silicon tube; 11) T4

Dry tube; 12) FZZ%E Vacuum pump.
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Table 1 Comparison of different methods of root exudate collection
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