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Abstract

Absorption roots usually refer to several terminal branch orders in a root branch that are comprised of primary
tissues and are responsible for resource uptake. Functional traits of absorption roots have been widely used to
assess and predict a range of functions and processes from individual to ecosystem scale. Mycorrhizal fungi
colonization is one of the key traits exerting significant influence on root morphology, structure, and the
inter-relationships among root traits. In this paper, we first review the relationships of mycorrhizal fungi with two
traits closely related to resource uptake: root hair and root diameter; a hypothesis is proposed to describe
relationships among mycorrhizal fungi, root hair and chemical defense. Then, we review how functional traits in
different absorption roots are altered by mycorrhizal fungi adapting to environments differing in precipitation,
temperature, soil fertility, and energy consumption. Finally, we identify several topics and research outlooks for
guiding future studies to facilitate studies on the relationship between mycorrhizal fungi and root functional traits.
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R AR LE DR 2 TR MR Sy s MRl ) 58 & (Freschet et al., 2010; £k 5k 45,
REAHCI—RVEA . SAERAMSE T 2011), DLRAEY S A~ MRED RS LSRG

WREFAEAE P 5 RIRT DU, i B3 i 21
FEA A AR B S R G B 2 DI REATRL AR .
B, HEAR P E B R K 7 A7 53 R (Guo - et

I FE (Cornelissen et al., 2001; Fan & Guo, 2010). &
FAE R — A A4 3 3L RS (branch system), AN[F]
MR S R MLy e BT s BE R e ok o AEE R G,

al., 2008), 5 Wit 9 (10 & 1F H (Tjoelker et al.,
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55 RE(Guo et al., 2008; Kong et al., 2010; Long et
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Pt IXDH LA R 43 5 e A R I AR S5
AR e ZY, e IE G YRR (Guo et al.,
2008; Xia et al., 2010); Ji4h, FHEGEZAR, EA1%k
AR, WA dr A e 35, AT IR W Dy e
DIk K (Pregitzer et al., 2002).

Wi 1t b 48 DRSS 40 A A0 ) R 2R 52 R AR L TR AR %
(Smith & Read, 2008). fif )T~ A= K B AR S AT A2 AR
RPATR T RE ) — N H RN, AR X T
Tl B ) — AN OB AR . A I R SR CU,
M SR IR AR B3 B I 1K 37 40 (Klers et al,
2011; Fellbaum et al., 2012), fij B S AR YL fs
&5 52 AR (RS SC% (Cornelissen et al., 2001; Guo
et al., 2008; Smith & Read, 2008; Comas &
Eissenstat, 2009), AR 75 55 2 GEPE IR (Espeleta
et al., 2009). B AR LR R IX A AR 1) e 25 i i
AR D REPEIR Z TR G &R, Al S0 5 AN ] ()
R R R) o B, TRPAR TR 152 G AT RS AR IR R
WK, SEKAR 7 dr(Espeleta et al., 2009), B
Al RE U AR R IR I A% (efficiency) AT 4 2L B[]
(persistence, VAR % 1im) 2 (8] AL 7 (trade-off) 5 R
TEP O R AL ) I BRI IE, R AR A
2251 (leaf economic spectrum) o IXFHPEIR 4 45 7R,
X T AP B AIE B, DA B TS 5 R AR
ZR G0 N IR PN 45 7 T HAT FE A {H (Wright et al,
2004; Freschet et al., 2010), {HJ&H (RAH BT 5T 1
3 B(Chen et al., 2013). WIRTHTIR, ZFE R E
TAFAEIX PP TR, B AN T TR AR L B 5 R
hReME IR Z 18] 6 R BT

N B oA KA, R IR B AR AR G A 2 e < e
W AN AN [ (Read, 1991; Smith & Read, 2008).
N, P2 E AR (arbuscular mycorrhizas, AM)FIAME
P i (ectomycorrhizas, EM) & P28 i 12 B2 1) B AR R
A, AR AR LLAMY &, i R A EMER
% (Brundrett, 2002; Read & Perez-Moreno, 2003). 3
Bk, AT R IA R B B A T DA AT
A= RS RGN . AR RS R LL A
[F) 2R 498 PN 1) B AR L 1T 5 RSAR D g PR 2 TR 5% 2R 1)
& JRA A AENL I A B A S AN - ME . ARSC
T BN ELTRAT B (1) £ BEN VRIS T fig P R ) 2 S
¥R, HEREA R ARG, BIHG AT 2 5]
M2t daeha, AT L0 — Lo LS A 5T
J7 i TR B, LU AR B 5 RO T e IR
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Z ISR ARSI 2 A A SRR 715
1 BEREERPSRICRINGEILIR

1.1 EREESRERTIEEER

WARTL IR M BRI 70 B T S5 o AN[R] 1A
RO TR IR 452 G 1 R AN B4 T 4 22 57 UK (Brundrett,
2002, 2009; Smith & Read, 2008), {HAEE SW IR
[ —LE RS ER, AR E AR 3 BRI
4 5% (Baylis, 1975; Reinhardt & Miller, 1990; Sch-
weiger et al., 1995; Fitter, 2004; Jakobsen et al., 2005;
Long et al., 2013). {11, Seifert’5(2009)iF 57 K B, KX
M) —Fh 25 Hypericum perforatum5 | NIEFERT, £
BEER R AR, RS . BN, JUR
R Y BB (Seifert er al., 2009). AUFANY)
Wik, ARAKEY D WA IXFIHE R o 7ERE TR,
MR R A 22 H R A 31— Lo ik A b A, Bl
HWOR BLAR D, IRACAR R, b gk, RE
ARAF A, T I T R B IR AR G R A
(Baylis, 1975; St John, 1980; Fitter, 2004).

Iy 7T, TR R A8 R RO R — R
FIVEAR . F5E, ELRMR AT AR iy AR AR,
XA B AR 22 H R R IC AR . 3X
R MARIEAT ARG, HEEARAS B (IR T e 3R
TR WAREAN I, 3L AR SR T FE i A
AR FEEOR, A R b i SO, 7 73l
SEIXFAHPIIY) LT 3K (St John, 1980). JEAb, BRIAR
FLH BB SUR IR B St . fltn, {EEMER
HH T TR 22 (142 e AL ZE, RSO AT AT 2 0 4 (R IR,
1M A 4 EM B 22 4% G (1 iU 82 O 4 K (Comas &
Eissenstat, 2009). H1J~FL 5 140 27 41 R AR,
PRl AR L AT P42 % Sl AR AT LSRR AR A 22 21 A A 2
1)) i€ (Langley et al, 2006; Koide et al., 2011;
Fernandez & Koide, 2012). {51 11, B A2 2 15 1) 41 i 4
BHBZ LT B, XY AEENK AR 5 (7%,
T ) (EAE LA iR, 3K AT g 2 B0 JLAR G AR
HARNIK LA = HIAS 5 43 il (Langley et al., 2006) . T
A, MR A it 2 PR B0 4 G 5o 2e, EIX el
AR5 ) MR FE BRI T 52 o 45110, SZ EMEC PR 1 22
B AR A RE AR A, (H2 A AH
2 31 (Espeleta et al., 2009).

1.2 EREE SRR RIS
TR I AT 5 AR B 1R Jh AR B RS A0 Y A 3R
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W&, UG RE V). — A R X PRI S SR A2
AR R, R /E T IR B A, k2
ISR (Schweiger et al., 1995). B IL R AR B 11X
Tl oG 28 T RE R T W9 5 AR i 22 5 (K1) . AH
X THE, BB B 25 al, Wi AR OK (Raven &
Edwards, 2001), T HAE%H HRI M SR 1-2 miz )
M7, A RA S RO A HOR S (R R 5% 20 o T
BEMAMEESAR, —RAESD em, HEX
MR Br 7% 53 19 R 25 S A2 R By T8 B 7 43 77 ik X
(nutrient-depleted zone)(Jakobsen et al., 2005), X}
FEEHIZED K

LR R B AR R 1R 56 2R nl R 52 st A% HL R 1 i
i . Jakobsen %5 (2005) K& B, i W (P) 3F 85 rf K 32
(Hordeum vulgare)F3 B 5% PR (R B i 2 ) 5 iy A= 714
TEPWOS BB 22 5, HURAERPIE LR, SRR
BRI, 8 E T 0PI I (Jakobsen et al.,
2005) W RBAHER AR BRI 2R EF LR E
BRI TEARAR, B R 7% 2y B IX SRR kA4
SRR LA EAR T AR T AR 22 A 1
T, HBOH AU IR ISR A A A Bl A A I 7
AR vy PP ) st R 2 7 A (Wells & Eissenstat, 2001;
McCormack et al., 2012), IXHPTE A (AR AR
Ko AT A BAR, Mo S B 858 50 (1) ) 98 e A e
(Eissenstat & Yanai, 1997). XL N AKEER E 3R
IR BT 5y T I TR 4y i gk, JUH @R T
BNALZEIIFE 3 NP, AT JEIP PR o B TR ARG TR
B Rz P ST PRV S 0 73 AR 0 T 110) SR BRI
BZMFEr, WP Fi5r b, AR ZIARM
B F 22 A K AR 7K FA 78 AL 1) AT R A i X
(Baylis, 1975), il #IAAPEIXL AR RGN I 4
PR il X7+ (Vitousek & Howarth, 1991). 3% T~ L FRAT T HE
W, EFEILAE FB M HEAR BRI TR A R AR 22 AR
& N PRR I — Mg . AR E 5 BRI
FEELAEAMPI R, 6T HA AR R R A 150 2
b,
1.3 HiREESRAPHRE

LT NSO S, FAT T dle A et R I —
L6 B AT ECH IR SR I 0 bt 2 4 I B AR &, 4ok
#R B B M (Endospermum  chinense) R & 7T BE K
YT 58 (Alstonia scholaris)(R R LGRS . B AN
HOR I A R R AR W] A0 W LT S B
TR AR, B AR, T

ol AP E (B D). &, AT —
AMEUER MR IX M AR B JSUA: FL =2
AN AR B AR B R 3 o BATTHEN, 1
oA B35 A T L T X TR L TR (148 AT 2l
HIPE o WERFERXF G DL, IS AMETB A A Al al A
ML DR ke 1 452 4 5 1 P AL P i >R
WRCRE IR e SRV IXAMB IS A Ay T IRALE, H
T BT REZS IR RSO AE AN [ D BE (R i vs. 17 40 A 5
P (RERLvs. P)Z AR (181 1) BUEA B, X AR R AR
K TARARAT IR K, FHAFRAIRITC o

2 ARIESREAZHYEREESRIRIEE
(E2VN

AR AR A AR AR A TE N . 6T
PR I L R R AR R AR A, AMRE R FEE R AT
W NGEPRIFAEE, Wiy, EMBE R F 277 T %
VIR R Z . s iite, HyIa gty o 2=k
PAEZR RS, Wik s F9E 45 (Read, 1991; Read &
Perez-Moreno, 2003; Smith & Read, 2008). {27
TEZE 3 An bR IX R 22 e e — e AR B R T AN ]
() TR R BT 1R 6 AN [7] B 85 (¥ 3& W (Read & Perez-
Moreno, 2003; Talbot ef al., 2008). {H /&5 |, A
] () R AR S R AT A7 TRl — AR S R G h, iy
AR R EE I 2 AMEHIRE, AH 2 e rp FE b Pyt &
RHEAEMZER K AR (Smith er al., 2011). R4
X il Aty AT A 2 R G0 R R G [ AN [ B AR S 2L )
PEARAON L, DL PR AN [7) 58 58 v a1 AR B B 5 T
AR PER I DG AR
21 BRESRFENREREERRE

AW A R EMZE B IR B AR 2, B n e
W5 R MERRE SRR RBR 2 LEM A
= (Brundrett, 2002); 1M %3 #8285 WAERL, Wk
Bl ARBEE AT AR E AMZE R 1) AR (i
&, 2008), kT IX PR F BRI B — AN B
AL EMW ISR HA7 1 3 /N T AMIRISCRR A% 481,
I 25(2008) %) T, [F ) L 111205 B R ATF 57 2%
W, EMISCHR 735 B 42(0.22 mm) {2 3 /N F-AM
(0.26 mm). [FIFEIFE R H ILTE Guo®5(2008) % 3
] 23/ B8 ol i ) 85 4 RV AL I
R HILAE AL SE TR AT M AP (Comas & Eissenstat,
2009). WFUILERH, HEAMEBIEM R FIR R, 5%
AR A 48 (1 [ BT A A B LA oD ) 5, i 2
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RIS SR ©

R A 25 573 1 S5 s
Root chemical

Root absorption
strategy

defensive strategy

HE Root hair
# J% Epidermis

W HLELE Mycorrhizal fungi
% X K7 24 Epidermis and cortex

RAAREY) Secondary metabolite
Y FI % )7 Epidermis and cortex

fiE#EMK Low energy demanding
AT EE 254 Short distance distributed

|
|
WS (%) 51X Easily to form nutrient-depleted zone (P) 1
|

fi 6% High energy demanding L
HiCATi ¥ 29328 Long distance distributed L
A543 (B%) 76X Low chance to form nutrient-depleted zone (P) L
_____________________ 1l

WSO AR DR PR, 0 B4R Frfir. MRCbE. NS

Other functional traits in absorption roots, e.g. root diameter, lifespan, branch ratio, N concentration, etc.

B AMB RSO AR FL T 5 R USRS IR Z AR R OSBRI R, <P FRon KA A RE -
Fig. 1 The hypothesized relationships among mycorrhizal fungi, root hair and root defense traits in AM tree species. The symbol “-”
stands for negative correlation; “?”” indicates the uncertain relationship.

A E (Guo et al., 2008), 43 A% 5% E 14 N (Comas &
Eissenstat, 2009), EZ5 k1% /K AL 590 (TNC) 9 />
(Fan & Guo, 2010).

H1 52 7K FA R R, ks B A g R AR B AR
A b HE R A0 (S SCERAT SRR Z, 2008) (HZEATZ
SO S 48 ) A ) T TR R EMBE A . — A
hy BSE AT PR MR SORRE B AR £ MR AT AR B3 B T 5 ) A
855, DRA AT AT B R BRI AT B I R e (R e K
st KA 68 )1 (Wells & Eissenstat, 2001;
Sperry et al., 2008; McCormack et al., 2012). EMI}
MR LLAMBEAN, B TR B A& (0 T 518 W e ) ]
RERR T Jo 8 o, [R) A s B T 1A 24 A R 5L BT A i
R A E I 2E 5 IXRINAE: (DX T3y, i
WKL, WEW RN, 780 L8 LA
BUSAEAE TR E A LA P, T AME B
AR WIN. PRIZRELGE J) W] W AW EMEL 4
(Read, 1991; Smith & Read, 2008); (2) EMH B it nf
T H AR AR IR TR I, s W AR A 5 TE
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U I 2 42 % (mantel), ATHCAEFRE MG, 4E
KAR ) A i (Espeleta et al., 2009), BT INgE53k
B SRAbh, AR AMBIR, EMBE IR B EEY) & Y
R A= 4 2 1) L 51 55 K (Hobbie & Hobbie, 2006), #i
AN L2 T BEEE 22, DRI S SRR R Ya R B R,
EM B AR AT B8 F 1y SFe 458 i 1R g S BOAR, R K SR
JAEED ARG B3 (Peng ef al., 1993; Druebert et
al., 2009), 173X — ritl 7] LA EM# R TNCAIK T
AMF R (Fan & Guo, 2010)F . & Wt, A1
W ply L R R A, T R AT LA I R LV AR
AT TR, M o] DLAEFREAR P B (10 5 AR A0 1t
2 (AR . B T DA Y, i TS [ 2 2
BB T H & 1%, Tl AR T REPER K
M) > SR AN [R] 7K AGRIFR 43 A B 1 38 Y
22 MHESRFHNREREEFRRE

FHEG T3 Aty A0, s A R AR P LA o)
AT VR R A7 B b R SE R, A P Bl L 11
TEA (D)o Hy RS AR R b — e 1Ak
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R Uty AR RSO LA AR (B | R SR8 K5, 2008)

Table 1 Comparisons of absorption root diameter for tree species in temperate and tropical ecosystems (Data are cited from Chang

& Guo, 2008)

PB4 Average diameter

B2 5% Variation in diameter

i A RS Temperate ecosystems

PAi A RS Tropical ecosystems

0.24 mm
0.38 mm

0.11-0.42 mm
0.07-0.89 mm

BN AR H Y, SRR B AR R
Al AR 1.5 mm (Baylis, 1975; Pregitzer et al., 2002;
Long et al., 2013). WIFTHTA, XFRMWAEFERARE
A A IR BN AR B (Baylis, 1975), HIRIK
LIy B8 1 A ¥ A< T L i Z 1K) ZT R 12 4 (St John,
1980). 53— 771, XISK RIS 75 i ] BRI K
S TRATTAE AT FH IR A 1 S0 7 i s, AL X e
HEW A U0 R UE P57 (1) AR A4 2 1 8 B ik 28
(cost-benefit)# i (Eissenstat et al., 2000)_ i}, iXFh
Fer P B PR R AT an SR 7 i R (L B W S A 8 )
[B52), SRR BE PR AL TS, Q) O0H
WS R B, AN MR 4L 2 [A] (Wells & Eissenstat,
2001)id 2 NP FP 2 i) (McCormack et al., 2012) K5,
BORLMAR 5 e s e o H G FRATT AT DAZS HE IR
HR AT BEANAE AL L5 1 R ABLR) S R L e ) AN i
Z TR (R 205 0%, DR R ) 13X 8 AR ORE () W i
MRAC B, AT T A J] B 5 A K 1) 5 o R e TR (3
DRUIASARMCIN RO o I i () — AT
FAT IR HER (Chen ef al., 2013). RAHFFT 47
REAT 21 5 22 (R UESRE SCRE,  JUDKE BN 58 th AR EC R 7
WSAR RS SR . AR R RIS JR, LR Z A
BARG L FEF (Cheng et al., 2012; Clemmensen et al.,
2013) [ EEAEH] .

ety oA — LSy R (0 WORORE LR AR, 9,
g2 # B (Randia  oxyodonta)( ¥ 3C i A 5k K 57,
2008)FNZ A4 S AEP(CEF ZR 00 R RS AR A A
0.1 mmbL o (HIX SR 1) B AR AT AE 2 AME Y
(Wang & Qiu, 2006), iy IR SCRR B 41 (A% i
TEAEEMIEAY . R IR IX A =) v] g A2 i 1 1gEP
T Z IR E N AEPWE L Z RS, Y
WEE L AR P I e i AR 2 1R v, BN R A 1T g
T 9 /N 20 AR T AR ke BTG B B 4 4% J L #8 (Reinhardt
& Miller, 1990; Brundrett, 2002), 4% [ F) 1 e FE4E
I HIHR T (Jakobson et al., 2005). Fedl] ik L 15
F|Holdaway %5 (2011) 5 U 0 50 19 S F5, AT R BN,

TEPI B Z (AR SE T, AR B AR B4, 2
HEHIA TR, 7EPH = ()R8 0] G877 L2800 R
K8 I FC R 7 Y% (Reinhardt & Miller, 1990; Brun-
drett, 2002)>KFREP. (HZ L3 PRI
B, MR IX o A2 45 21 1 A% 2 (P 1R R HO) e ek 4 %
(REELVHHE), AR H A 40 i W SRR IR 6 11 SR
KBRARHERE. F5L b, FA A PEMYIM . EM
LB (X SR SRR PR AR e P I, DA G
W ZRGE T R R AR S AR R WARE o

3 OE5RE

SRVEWRSR Zh e PR A R A3 2 AL, JFIT
J& T AR, AR AR T4 BB 3 JE 2 B 1)
REVEIRBOBEST, 15 WATAH SR G . X B ERIAEH
BUBFSE R Rd 20 R, 1y HL22 DL Ay 4 A 4
(Pregitzer et al., 2002; Withington et al., 2006; Guo et
al., 2008; Jfiffi%E, 2008; Comas & Eissenstat, 2009;
Freschet et al., 2010; Xia et al., 2010; Holdaway et al.,
2011), XfHIRP 2 AEEm . AR AR R R S 2 i FAay
RINY ARty DX AT T0 D (VP A, 20115 HR AR RAE,
2011; Hy7kJE4E 2012; Wang et al., 2012; Long et al.,
2013).

FLk, H AT T b A e R ORE Tl e R AT
B 2B W MARKIE SRR, T
X T B e v b 22 i AR T e R A A, IR
LB ARG TT T PR R D o IR S50 T B
BORGAT, H AT ELRR QRN e e 55 /DY
PR IR FLRR AR GR DL, Ik = S AT R AL
fibre BEAbh, ik Z KRR )RR 75 i 0
SERFFT(EE R AN B, 2008; Gu et al., 2011; Long
et al., 2013). A7 R AHR A i By 2 FATTxT 1 i
RS D e PR 22 8] 50 F A TRAN A B EE 2 A

FRR, T ER R 5 5 W ol fE 2 A HAb )
RERI R RICFNZEE/b o it T8 5 30 b AR B R
HENAR K FIFR Gy, IS 2hl i 48 R s 2

doi: 10.3724/SP.J.1258.2013.00107



1040  AHMIAAS24R Chinese Journal of Plant Ecology 2013, 37 (11): 1035-1042

M 2R R, TR R RIS fi T 2 1) G ] i
H 7 FLBAZ GRIARE A G (R IRSORR 7 W8 A 285 )
Sk AR KRBT AR W SR e
18, A REAH BT, A F5IhRE(EL; Long et
al., 2013), IXLCTHEZ (A AN AT AT 23X 48]
BT LR ST

A, %W%%%ﬁﬁ*ﬁ b AL 8]
REVERAS R EEE R 2. R IR L W) b 1) 3
AR Bh, RS T 450 R B B 1R Y e i S BRI 34
(Chen et al., 2013), {HAEANA“RCH R R —Leii b
P A R R SR b B A BRI IR T4, IR Bl 5 B 1

Elﬁmdﬁﬁém%+mmmyadjmnoﬁ
REW M RGR R G R . Bk, AT

E%E%%kﬁfi*,AIE%wﬁﬁﬁmw
S RO (1 Zh BEPEIR o

HEWB +EAFRERRA RS E R
AR EEZRETFIEE. BRGABFELFF
A 4(31200344). #w%Tﬁfkf12£<5(2013h4530333y
WMAEAMFEREEZRET FHARALSL
(CB2013A26).
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