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Figure 1 Ecological functions of root exudates
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ROy R I 2 BRI 2 — (FRIT AT S, 2004),
W AT AE P o3 AR F (PB4, 2014), BRIIGHR 550
A B N RT i 2 A0 L SRR 1Y) T B R 1k LA AR
SR R 16

KT AEYIAR R 5 Wt - B s 1 i s A
KR IE . /NFE . K (Brassica napus)fll [ (B.
chinensis)#i & 7 AW AT G2 fig 5 Y xof - S5 i (DRI
AL AT FRVEBREREY . Mt AN R A ) v P
ke (2526 30E, 2018); #H 3% (Beta vulgaris)i & 7>
W] BB RR B T, (B LIRS, R
KA 2R 7 WA W o Tl TR It v A 1) i v ' FH 55 1 X JRE B
fitf (Bk 5%, 2011); #i{€(Gossypium hirsutum)ii &4
WA AT I AR 2 TR R L TR I BB R AR v A A
Pt R Al R IS P GBX /N2 2%, 2009) . FHUL AT I, R R 2>
WP N I 43 20 R v, b R e L3RR )



792 ¥R 55(6) 2020

JRABIR o i R AR T Al A P AR 5 SRORI - 3 5 i
4343 Rt R % (Caldwell, 2005). Tian%:(2019)& i+
BRAT L AR AR UL KA VR ) L (R 5 0 - 358l 1) g
FRETE o3RI RE, X RIREIR R WA T L 5k
FAGIA T REAR A T 37 1K

2.3 RASPXLIRF S EHRAF N

R ZR 23 WA IR 7 VR T e B A A A N e B 1t
SR AN, HAE 3R A (Mommer et al.,
2016) K% 7253 153K (Keiluweit et al., 2015)%% 5 1 th A&
FEEEAER . AR R Wi A AR A AR UK
bR TR A PE A R BUR BRSO 28 (Cheng et al.,
2014; FMBLZ%E, 2014; Zhu et al., 2014; FHiE7E%E
2018). Al LA JUAFIR R R R R 0 WA
T - TR o A I R

FAEP LA R 18, RIAR R 7 W N A A4
AR R T TR AR, AWITERCEY X R E
A (IR P T 1 0 PR & 3 ), e T i 3 L
J )53 AR AN 37 73 & 3R (Wutzler and Reichstein, 2008;
Zhu et al., 2014; Finzi et al., 2015). 319 [ TR %
W7 g A YA AR A L B R A R A )
W (IR R e GV . TR R HLIT R B 55 ) 7%
R TR AN, B4 id e 1 o3 fid
(Kemmitt et al., 2008). %R BRI T IR R 5 W1
EVIRSEAEIE .

AR BB A A0 5% 43 0 PR R v Ak A 2 R o1 il
T T 32 B AR br & A 201 I #% (Dijkstra et al., 2008;
Drake et al., 2013; Sullivan and Hart, 2013). f4E%)
B AR VAL 51 2 o R U 4R R T &R ST
T HH YR A5 (Craine et al., 2007). A4EY)
B AR VA N R Z RIIE RN, R & A
(FMVIREE, 2014). ATt &7 st I oy AT B o i
R A T RIS YR A UL, Ty
T A ) fif i 4 B =i (Hessen et al., 2004).

DA ARG SAAE AR 2 20 WA E D — A Ah e, B
W) FH AR BB U5 AR 1246 WL 5T 3 e AN AR B JE AL ik 8B
Ji . ShenZ:(2020) A MR IR 2 73 WA HG I A e 2 Xt
T 53 T R AR R, B AR I B MR A SR R A A R A
TR E D, HAER R . BT Rk
MR AR R ) R R N DT IS, TR R )
Xof b3 h N BARG DRI N, DAL, BB AL I AR

HHRR 28 7 WA ARSI PR A A 2 5 i 3 - AT AL
BRATE BRANAEE o AR R WA MR AR A e 0 1 e e A=
W5 R 1t Tk N\ R i R ) B LA R (M AR
LA, 2017). SALHR 2R 20 WA N T 3 Bk Ay A\ ) 5T
kA AR BLR, Fra AL BN EA L. CO,
THRAM B EAE TR R T, AT T
R AR 70 WA 5 T R Jo 3 5 R - A WL Bk A7 i 14
TEFABL o OB RS PR 3 T B TR i3 S FLpE
TRl B3 PG L

3 WMRRE

PAAE AR BiIE 70 Ry i DA 72 SEBR 1) 3 7, AR AR
3 W YA P MR B A 85 P OACHEE (1) T B T et S R AR
AW AEZ ARG . HTARIRADWERKES R
girb i AR SRR et s, —E R b
B ] 57 0 PR AR 2R s T A A i 1 R Hox A 5 AR A
BLENR . PRI, SR ARMAR R 3 I T IR B
TR RE LRSI, ey ekt
WA S ERASENEENE. RREHEE
LMW FRE E S LT LT

(1) ARMAR Z 70 Wh ) - L3 - T AW 2 5 b ) B 151
TEF BN . AR AR i R R SN SR AR A
R R KIPREA AN A BEIE R (S5 R, IF AR Pr
XY i — RAVRR AR RAGE Y D Re IR, RAE
AR o MM, FERMAERS
RGP T RAR AR 2R 20 Wb 5 5 AR AL RIAR Br 1 e )
PEAEAL, AOHERIRE A R X, BT RKRE
Hb R A % R G D e S 6 BEE R AR IR T
R B T 8 Ja 4 5 R 23 A AZE ) 2 4 1k P B A T 4R
BEHT BT T BB

(2) TR ARAAR R 7 W - - A &
LN . 5T HRAR 73 W) -3 R A W) R e 7T
FELEPEE RN, RTIRADWIHZFTI2A
ARV RO Z . B, AREAERKFEYRA
IrIE N R DL NG, AN AT
THAERR. BEFHARKARE, B 2H 2Ly
FHAE CEE T IOt FUR AT B+ 1 M AR AR AL
VIR 2 70 WD A SR BRI B (K520, BLRIXT A AR
R AR R

(3) FEMIMR AR 7 Wi A X L IR BR B S AR IR



FENLH] o HR R i3 i R AR A AN 5 S b
i (¥ RE 0 R 2 IR BRSR AR, (BRI TAR R il
Wy N X g AU AR O Tl i A AT DA B A S i 1) 1 4%
BRZ RS TR 2 LR MR R W
C/N EUAR AR A PR R LUR AR 28 20 e W0 s A0 - 338 ok
ITTRR, AR AT DU L 7% 2 PR 21 22 AR A 2 S5 R
FBAR A T 7T

SE

BT (2017). JEAEET P FEBIR E AR A AR R 0 W B3t
FEH X LIERAEY W, R PR RS
Al K. pp. 1-104.

BkBE (2011). 1EMIR R4 Wxs L3k A= MAEYEE
ORGSR 2, R 30, R LA K. pp.
1-72.

WEE, FHOT (2003). MRS K RTEMYE TR E
P, AL 12, 508-511.

HEW, BRH, #iE, B, OitE (2015). EAERAES
AR - AR ) S R T R B IE T R 2 REVE RIS e . JLRA
Al K554 46, 48-54.

B (2019). = VLU X B4 o 9 B b 75 e BEAH W) AR B i A
PSR R WA B AR R S b WL S0, 22 22
K=, pp. 1-70.

T, HhRM, FEE, FEE, BFEM, XK (2014). K
W Z A2 N TAHRBIIR R 50 W 5 LIy, RS S
i 25, 325-332.

ZEET (2018). HRFR > WA N BT Y - 18 v Tl R IR I A A
MOSIRIRN. WS, K TR, pp. 1-86.

T, ik, BAY, KR, 3D (2019). TRIKEERZHE
P (R 2R 40 0l ke 4 PR SR e s P TS NP S R R
"EWEAR 25, 1061-1067.

RFER, R, A%, BRIRE, XK, FEE (2015). #
2R 53 W I CN A 2 B % 11 1 11 75 1L 2 b = 3985 3
BAEREE SR, Y ER IR 39, 466-476.

XU, REE, HHE, L%, TS, B, TS, 18
(2010). TEAEMR R B TMEFIRTFE. b R EY) 4R
32, 431-435.

XK, HIR, ZFFK, FERE, FRES, BRIk (2012). —F#
AR R e B2 B R R 4. o L, CN20112055-
7060.5. 2012-10-03.

X E, =48, Bk, &iE, ARE (2016). WA W
VIR 2P 5 (0 % 52 B LR BRIMAE IR e . K0S 9%

P MR R WY LB it 793

5kl 4R 22, 418-428.

XIFHE, SRR, KE (2005). HAM Z W45 Br
YIRS AT 18(6), 25-31.

FEFE (2016). #7485 Rt AR B - 8 A BT 38 A8 1) R i) % 3 5
RS, S Bt BRI KA. pp. 1-83.

OER, B0, XU, XK (2019). iR X} w25 AR R A
JEAR b LB A BB R . R AR A AR 30,
1893-1900.

ME, TP, BB (2011). AR EAE UL R K ILE S
S&A. MYET M 47, 331-338.

ERIZE (2004). PR RS W AT ER. EE¥RE
23(1), 97-101.

FE (2012). FBR AW, Bities. st btk
K2, pp. 1-48.

ML, M B, Kuzyakov Y (2014). #RBRIECR 08 1 R AL
W R A B, A4S 38, 62-75.

Tk, B, MU (2013). YL ERTE T R HL A R
bR, E AR AR IR 21, 1173-1183.

M, BRI, FFRR (2007). HER 2 WA AR %
FO IR I R, @R 38, 1219-1226.

T#EM, T2 (2019). RERHAEY IR 3K A ER A AOHLH.
M)k 54, 285-287.

ENE, BHH, BRI, BEEE, HIB (2018). EFM AT
AR 2R 43 W O N 7 e A % S BIR B P AR e o A A R T
Fe. HYIHEI 38, 47-55.

EEX, BT, FHE, ILE (2010). —FEAUR R WA IE
3B SUCETTEMN B, TIEAR 47, 747-752.

RbkHE, R, WOCHE (2014). RASWAN T FED-T
B-HAEMEERRMAB RS RE. MWAES¥IR 38,
298-310.

HEE (2017). 1R R0 WA T MR A i ) b R A 24
s, st P ERKE. pp. 1-103.

HFEE, BN, SR, BB, HER, 25, 288 (2017).
Wi b A A R G R B N S O AR S . A R
52, 652-668.

WETE, mist, s, X, MEE, ¥ (2014). @R
RO U R R 5 et SR R B (AL N AR S
247 25, 2355-2360.

FHEE KFR, XK (2018). IR R WA
SRR, M4 R 42, 1055-1070.

K8, THoC, BiR, BEE (2013). A=MIR RS W
SFPECIT B AL AE . BEHb AR 21, 729-736.



794 ¥R 55(6) 2020

EFHT5 (2018). AR AR ;WA MIRE [RIVE 44 Z M (R AR 22 A0 FLAE F
P LGB AR e s dbR R EROIR 2.
pp. 1-101.

HENH, KE=, BHE, REAR (2004). B-ZRIERGL
SR TV 1 0 I TR N C O IR BE 88 v WAL . &2 F AR 38 223
15, 1019-1024.

W, RS, KEL, Bk (2015). SRERAN WP
I3 SIS SRR 2L TR RGN AR AR 26, 859—
866.

BNTE, XIFBE, BT, FfER, UE, KFF (2009).
HRAEAR 28 23 Wh ot 398 T3 20 5 4 R R il A 5 ol 2 D B
SN VEILREY R 29, 1426-1431.

BSEF, X, S, B8 (2011). BEMNTIRA WY
R X R I e, RS 31, 749-759.

Benizri E, Nguyen C, Piutti S, Slezack-Deschaumes S,
Philippot L (2007). Additions of maize root mucilage to
soil changed the structure of the bacterial community. Soil
Biol Biochem 39, 1230-1233.

Broeckling CD, Broz AK, Bergelson J, Manter DK,
Vivanco JM (2008). Root exudates regulate soil fungal
community composition and diversity. Appl Environ Mi-
crobiol 74, 738-744.

Caldwell BA (2005). Enzyme activities as a component of
soil biodiversity: a review. Pedobiologia 49, 637-644.

Canarini A, Kaiser C, Merchant A, Richter A, Wanek W
(2019). Root exudation of primary metabolites: mecha-
nisms and their roles in plant responses to environmental
stimuli. Front Plant Sci 10, 157.

Cheng WX, Parton WJ, Gonzalez-Meler MA, Phillips R,
Asao S, McNickle GG, Brzostek E, Jastrow JD (2014).
Synthesis and modeling perspectives of rhizosphere pri-
ming. New Phytol 201, 31-44.

Craine JM, Morrow C, Fierer N (2007). Microbial nitrogen
limitation increases decomposition. Ecology 88, 2105—
2113.

Dijkstra FA, Pendall E, Mosier AR, King JY, Milchunas
DG, Morgan JA (2008). Long-term enhancement of N
availability and plant growth under elevated CO, in a
semi-arid grassland. Funct Ecol 22, 975-982.

Drake JE, Darby BA, Giasson MA, Kramer MA, Phillips
RP, Finzi AC (2013). Stoichiometry constrains microbial
response to root exudation-insights from a model and a
field experiment in a temperate forest. Biogeosciences 10,
821-838.

Du PP, Huang YH, Li UX, Xiang L, Li YW, Li H, Mo CH,
Cai QY, Li QX (2020). Rice root exudates enhance de-

sorption and bioavailability of phthalic acid esters (PAEs)
in soil associating with cultivar variation in PAE accumu-
lation. Environ Res 186, 109611.

Eisenhauer N, Lanoue A, Strecker T, Scheu S, Steinauer
K, Thakur MP, Mommer L (2017). Root biomass and
exudates link plant diversity with soil bacterial and fungal
biomass. Sci Rep 7, 44641.

Finzi AC, Abramoff RZ, Spiller KS, Brzostek ER, Darby
BA, Kramer MA, Phillips RP (2015). Rhizosphere pro-
cesses are quantitatively important components of terres-
trial carbon and nutrient cycles. Global Change Biol 21,
2082-2094.

Fuhrer T, Zamboni N (2015). High-throughput discovery
metabolomics. Curr Opin Biotechnol 31, 73-78.

Hessen DO, Agren Gl, Anderson TR, Elser JJ, de Ruiter
PC (2004). Carbon sequestration in ecosystems: the role
of stoichiometry. Ecology 85, 1179-1192.

Hopkins F, Gonzalez-Meler MA, Flower CE, Lynch DJ,
Czimczik C, Tang JW, Subke JA (2013). Ecosystem-
level controls on root-rhizosphere respiration. New Phytol
199, 339-351.

Hu LF, Robert CAM, Cadot S, Zhang X, Ye M, Li BB,
Manzo D, Chervet N, Steinger T, van der Heijden MGA,
Schlaeppi K, Erb M (2018). Root exudate metabolites
drive plant-soil feedbacks on growth and defense by
shaping the rhizosphere microbiota. Nat Commun 9,
2738.

Keiluweit M, Bougoure JJ, Nico PS, Pett-Ridge J, Weber
PK, Kleber M (2015). Mineral protection of soil carbon
counteracted by root exudates. Nat Climate Change 5,
588-595.

Kemmitt SJ, Lanyon CV, Waite IS, Wen Q, Addiscott TM,
Bird NRA, O’Donnell AG, Brookes PC (2008). Mine-
ralization of native soil organic matter is not regulated by
the size, activity or composition of the soil microbial bio-
mass—a new perspective. Soil Biol Biochem 40, 61-73.

Khan KS, Mack R, Castillo X, Kaiser M, Joergensen RG
(2016). Microbial biomass, fungal and bacterial residues,
and their relationships to the soil organic matter C/N/P/S
ratios. Geoderma 271, 115-123.

Kumar T, Ray S, Brahmachary RL, Ghose M (2009). Pre-
liminary GC-MS analysis of compounds present in the
root exudates of three mangrove species. Acta Chroma-
togr 21, 117-125.

Kusliené G, Rasmussen J, Kuzyakov Y, Eriksen J (2014).
Medium-term response of microbial community to rhizode-
posits of white clover and ryegrass and tracing of active



processes induced by *C and "*N labelled exudates. Soil
Biol Biochem 76, 22—-33.

Lu T, Ke MJ, Lavoie M, Jin YJ, Fan XJ, Zhang ZY, Fu ZW,
Sun LW, Gillings M, Peiuelas J, Qian HF, Zhu YG
(2018). Rhizosphere microorganisms can influence the
timing of plant flowering. Microbiome 6, 231.

Martiniére A, Gibrat R, Sentenac H, Dumont X, Gaillard I,
Paris N (2018). Uncovering pH at both sides of the root
plasma membrane interface using noninvasive imaging.
Proc Natl Acad Sci USA 115, 6488-6493.

Meier IC, Finzi AC, Phillips RP (2017). Root exudates in-
crease N availability by stimulating microbial turnover of
fast-cycling N pools. Soil Biol Biochem 106, 119-128.

Mommer L, Kirkegaard J, van Ruijven J (2016). Root-root
interactions: towards a rhizosphere framework. Trends
Plant Sci 21, 209-217.

Morgan JAW, Bending GD, White PJ (2005). Biological
costs and benefits to plant-microbe interactions in the
rhizosphere. J Exp Bot 417, 1729-1739.

Paterson E, Gebbing T, Abel C, Sim A, Telfer G (2007).
Rhizodeposition shapes rhizosphere microbial community
structure in organic soil. New Phytol 172, 600-610.

Sasse J, Martinoia E, Northen T (2018). Feed your friends:
do plant exudates shape the root microbiome? Trends
Plant Sci 23, 25-41.

Schimel DS (1995). Terrestrial ecosystems and the carbon
cycle. Global Change Biol 1, 77-91.

Shen X, Yang F, Xiao CW, Zhou Y (2020). Increased con-
tribution of root exudates to soil carbon input during
grassland degradation. Soil Biol Biochem 146, 107817.

P MR RS LB it 795

Sullivan BW, Hart SC (2013). Evaluation of mechanisms
controlling the priming of soil carbon along a substrate
age gradient. Soil Biol Biochem 58, 293-301.

Tian K, Kong XS, Yuan LH, Lin H, He ZH, Yao B, Ji YL,
Yang JB, Sun SC, Tian XJ (2019). Priming effect of litter
mineralization: the role of root exudate depends on its
interactions with litter quality and soil condition. Plant Soil
440, 457-471.

Wutzler T, Reichstein M (2013). Priming and substrate
quality interactions in soil organic matter models. Bio-
geosciences 10, 2089-2103.

Yuan J, Raza W, Shen QR (2018a). Root exudates domi-
nate the colonization of pathogen and plant growth-pro-
moting rhizobacteria. In: Giri B, Prasad R, Varma A, eds.
Root Biology. Cham: Springer. pp. 167-180.

Yuan J, Zhao J, Wen T, Zhao ML, Li R, Goossens P,
Huang QW, Bai Y, Vivanco JM, Kowalchuk GA, Be-
rendsen RL, Shen QR (2018b). Root exudates drive the
soil-borne legacy of aboveground pathogen infection. Mi-
crobiome 6, 156.

Zhalnina K, Louie KB, Hao Z, Mansoori N, Da Rocha UN,
Shi SJ, Cho H, Karaoz U, Loqué D, Bowen BP, Fire-
stone MK, Northen TR, Brodie EL (2018). Dynamic root
exudate chemistry and microbial substrate preferences
drive patterns in rhizosphere microbial community as-
sembly. Nat Microbiol 3, 470—480.

Zhu B, Gutknecht JLM, Herman DJ, Keck DC, Firestone
MK, Cheng WX (2014). Rhizosphere priming effects on
soil carbon and nitrogen mineralization. Soil Biol Biochem
76, 183-192.



796 Hi¥R 55(6) 2020

Research Advances in the Main Ecological
Functions of Root Exudates

Jiajia Li, Miaochun Fan, Zhouping Shangguan*
State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Northwest A&F
University, Yangling 712100, China

Abstract Root exudates play an important role in root-soil-microorganism interactions and ecological feedback mecha-
nisms. Root exudates are considered as the medium of “rhizosphere dialogue” in the process of complex plant rhizo-
sphere network interaction, with great impact in regulating plant adaptation to microhabitats, thus alleviating rhizosphere
nutrient competition and constructing rhizosphere microbial community structure. Here, we review the recent advances on
the effects of root exudates on plant growth, soil microbial characteristics such as soil enzymes, microbial biomass, and
microbial community, and soil nutrient circulation. We also propose the important directions and contents of future re-
search on root exudates.
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