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Abstract

Priming effects are defined as “strong short-term changes in the turnover of soil organic matter caused by moder-
ate treatments of the soil”. Rhizosphere is the most important place, where the priming effects take place.
Rhizosphere priming effects reflect the turnover rate of soil carbon and nitrogen, and affect the acquisition of nu-
trients by plants and microorganisms, as well as their competition for nutrients, thus maintaining nutrient balance
among the various components of an ecosystem. Although there has been a general understanding on the occur-
rence of rhizosphere priming effects, the mechanisms underlying their role in soil carbon and nitrogen transforma-
tions and their ecological significance are still not fully comprehended. This paper provides a synthesis of the lat-
est advancement in studies of the rhizosphere priming effects. On the basis of reviews of research history and
identification of the hotspots, we first put forward a mechanism underlying the occurrence of rhizosphere priming
effects, and then examined the biotic and abiotic factors influencing the rhizosphere priming effects. The ecologi-
cal significance and outlooks of research in the rhizosphere priming effects were discussed and clarified.
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50% (Schimel, 1995; Cheng et al., 2013; Hopkins et
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(Chapin et al., 2012),

— BRI B SO, FERR R T 5%
T, B K ACOHKRERE T =, M HEZM
WA AE R AR ) B R0 I WLAR E T (Joos et al.,



2001; Gerber et al., 2004), [F]irs 2338 ke 520k
PRI 10 %\ (Paterson et al., 1997; Macdonald
et al., 2011; Phillips et al., 2011), i A4 HLF >
fik, TR KA COL 3 J& 7= A2 1F = 15t (Kuzyakov,
2010; Sayer et al., 2011; Bengtson et al., 2012), X%
WSO 0N AT LI Ik 50 3B WL 2 (R R /N T 5%
i 4> BRAR AR E R, DR bt B SR R R i A= ML
P B IR AR A S KRG H N IR Ak A AR
A Ry 3 55 LB, R4 AT BT Sk el A S R
G Rt FEAR R, VA b P A 4 R AR AT il A S R
G R SE ) o

AT Ay A s s 38 0 R 808 e A ) e 3 A
Pt AASTRAR B SO A9 s R R AR
B RANLEIFZ R R AT T VR4 IR, 7Eit
JEA B T ARBR O AONY B AR A E A, AR
KRR IR BONA FCHEAT T B, LT 4 b A B
w BRI AR N ZENL, HES)X R
EERGH N R IR AN,

1 TEHARMRIR TR SE

TR O Fp B R BT 19264 (Léhnis, 1926), Fifi
Ji X M T Bingeman %5 (1953) it & i 1 K &
—priming effect, 2 Ji5# Kuzyakov4¥ (2000) 5& X
A R AP HLA) 0 0 A5 25 T Ak LT 5 | Ak ) - 3
A WL e i 2 A S O

S 20T 20 404 AR [RIAV 38 B AR 1) 5 Jig R 56 3
ORI AR A T R OV AR A, HE
32012 80FEARFIIOFAR, WOR BN A 5 [ 254l
)k — 25 5¢ 34, Jenkinson %5 (1985) fil Kuzyakov 25
(2000) 1 9 i 253 73 eIl T 3OR SN AR T AU
A LA T RN FURE e, b T8 o
Ji ), HESN TR BUNAE g R U A T TR
o WK, 2GR —P LG oM T HUR RN
AL (Blagodatskaya & Kuzyakov, 2008; Kuzyakov,
2010; Cheng et al., 2013; Dijkstra et al., 2013), f#i}4%
R TR 1 T AR AR — A A
JSH 4 FAE K 5 (Kuzyakov, 2010) .

AR EEOB N IR IR 2, (HG 4
HTERRSE B K. A2, BRI T T Tk P 4
W, AR 9T 2 A AP RN 2R P 1) A (R A
#, 1963; PRAFMESE, 2006; ¥ OCHISE, 2007), LUK
T 23 1 1 AMBR) 43 A (W R4S, 2008) . 71

PMIEEE: ARBRBOR RN R AU S SRS TEEEE 63

XLERIFFTI BN, J AR A AT IR O AT
FHE 2, JTRERITIUR RN K A AR S IE 5
W [A] 25 (4545 3H45E, 2008; Zhang & Wang, 2012; Qiao
etal., 2013; F#745%%, 2013; Zhang et al., 2013).

A 2 RO RN BRI 7 AT — 5 2k
J&, AR R BN AT T 3R FUR A AR P AR
BUBR R AR S H B AR AR B = 2 9 1) T f# (Billings
et al., 2010; Kuzyakov, 2010; Blagodatskaya &
Kuzyakov, 2013). [, 784 a7 MR K — B TA A,
RN TR BN 0 7= A 5 AE R LI B A
X, My BIEAER PRSI O N EZ —
(Kuzyakov, 2010; Cheng et al., 2013).

2 TIRERN R A AL

AT ) e A Tk FEAE - S5 2 v
[X (hotspots) & Ay 5 1, 3 Ly P S X3 A1 A2 PR
280N IR B B R A A (Kuzyakov, 2010). 3 rR ik
Y3 PE X 3 A MR B (rhizosphere) < % 8 & B
(detritusphere) . zh47)3d if (drillosphere) F1 H A ) 440
i) B (biopores)(Kuzyakov, 2010; Nannipieri et al.,
2003) (K1).

T g FA B (1) 32 K g 1 B S 2R 1)
W) (A P ) el g Y A e, 3 ek 3 R 0 AR RS TN
THAMYIT, CAAEZAT L A 7 20k 135
(Blagodatskaya & Kuzyakov, 2008; 57 &H4%, 2012).
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Vi i (2 ' Beare et al., 1995fKladivko, 2001).

Fig. 1 The hotspots of priming effects: detritusphere, rhizos-
phere and drillosphere (after Beare et al., 1995 and Kladivko,
2001).
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PARETE Sh A W) B b LR (Alphei et al.,
1996; Bityutskii et al., 2012). H {7 <5 F b Fl
BN TE (PO N AT TR D>, AR — Mk 1)
4518 (Kuzyakov, 2010).

AR B (1) 2 -4 AR 2 S RN I, R 5
MR A&KIM1-3 mm (Jones et al., 2004; Kuzyakov &
Xu, 2013), SZ I 5 5 AE S 3 1) 3 5 R i
(Herman et al., 2006). F 47y i #2 28 73 Wb ) MIAR 2%
THDE AR 2 T IR R 1) B kA
ML (AR BRUTRR YD), CdEmKA &4 A PR IR
YerE R SET g MONITRE IR 2R O3 Wih 1) /D B H A A 5t
(Dijkstra & Cheng, 2007a), %728 T MR 7S FE30 58
(Toberman et al., 2011), 24t T K& n] FH (1A
e, fEHE TR B SO, DRI AR B X 3
S A B A AR AR B DX K 19-32 45 BA
(Bodelier et al., 1997), R[5 D< I8+ 350 =45 1
FERR b X 35 111047 LA L (Kuzyakov, 2010). R Brifk
20N ] 18 i 3-51% B9 /D 10%-509% (1) -+ 4 ML 1)
I3 R ZE (Kuzyakov, 2002), AR B A 35 i ok 20w
T B IR R A2 A7 (Kuzyakov, 2010; Cheng et al.,
2013), AT b A S A S R AR I BB AR TR A AR L
il LA R,

3 RERMAMNRYTT R 558

TR R BV JET ) 5
AR B, g s 7R bR LA USRI
BN E BRI AR bR RN, O R i A
TV (Fu & Cheng, 2002; Cheng et al., 2003;
Bengtson et al., 2012). 1R &4 %! (Kuzyakov, 2002).
MR (Cheng et al., 2012). Y& 15 H (Kuzyakov &
Cheng, 2001, 2004). E4)#)1%(Cheng et al., 2003;
Cheng & Kuzyakov, 2005). - 15%! (Dijkstra &
Cheng, 2007b). 35w ) H Jic #y i) % i 0 o &
(Blagodatskaya & Kuzyakov, 2008; Bengtson et al.,
2012; Guenet et al., 2012; Dijkstra et al., 2013; Drake
etal., 2013). 11E/K 4> (Dijkstra & Cheng, 2007a)%5 .
WETEN], IE AR BRIBUR BN WIS B BL ST AL 1
In3.8fd, i f AR Bk Rk e 92> 50% A LB
{k(Cheng et al., 2013).

4 IRERE AN R & N
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K AU A BAE 458, 2 i R o0 ik
YIRS, Wk AR A S SR S, ]
52 FoAt A= 5 AR A PR 1 () 4% (Kemmiitt et al.,
2008; Kuzyakov, 2010). X T3 yfpk %
%, {HIHE A 0.1%-2.00% 13 AE M) Ak T35 BRIRE,
10%-40% T~ fiE & Gk = 1 AL T 98 78 i ER BOIR A
(Blagodatskaya & Kuzyakov, 2013). fi 4R & [ i
DX SN 2 TR E AR FH A LA, LR
B AR A R R, AT AR T (%) IR 8] A S0 Ak
TAEAETE PRSI 42420 (de Nobili et al., 2001), i
AR AN AR G AR R /DS, S 25 1 I - 3 i B )
B AE T (Fontaine et al., 2003). 2413756
I, A AT 1%-5% 1 [FIAL P= 4 T e A
L o1k, a8 I A 2R A P 20 A o0 HE AR (R A AL
Ji, SRE T T840 (Burns et al., 2013), RULHEFR
(PR 53 TR0 2 5% M sl A= ) ) LA KR M MRl = A2 2
] [ g 43 Tic (Fontaine et al., 2011). 04k, TAEW)
0] DAL Wb — e A M LR e, 3 I A 27 s i
AR BRFE IR (Kuzyakov et al., 2002). HARTH/E
WIS Ik B 8T 3 TR FH R A A S R RN K
A I FE 55 [K] 2% (Kuzyakov, 2010; Dijkstra et al., 2013,
Sullivan & Hart, 2013), {H 2 H [ % AR B 3R RN 1)
R AU IE A TE i — BT 45 18 (Kuzyakov, 2010;
Sullivan & Hart, 2013). #RAEIHIMHITT, Fd @it
Lra o pTiR th T A BRI AR BRI BN R AL
(E12).

AR B R RN () A BT - 3 SR O3 1R Rl A
Mk, 25 L5 A X (Dijkstra et al.,
2013; Sullivan & Hart, 2013). HRERIUEUITE MR PR
WA EERERE RN, TEEZSMALED
(Merbach et al., 1999; Hutsch et al., 2002), il ¥ H:
C:NE TR ADFIC:N (Clevel & Liptzin,
2007).  HITHE R A A RAR s vl 1 FH R 3R,
R B 30 Rk e i g sz B i 2R X e
(Kuzyakov et al., 2002) . 7E %52 BRI EE T, tEY) 2
B2 (et v 2 (Dijkstra et al., 2008;
Phillips et al., 2009, 2011), i B4 R 2 73 syt
MNARBEGLAP ( A TG, TR i Tk, =
BB A AR PO FE . AR A R EE AL A
W48 T o SN PR 43 94 (Fontaine et al., 2003; Bengtson
et al., 2012; Burns et al., 2013), hni& +EEA PG K
I, BEIBCEHLE, M SR &5 (1) U HA 77 41,
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Fig. 2 Mechanism of rhizosphere priming effects. At low nutrient levels (left), plants allocate more photosynthates to belowground
and supply soil microorganisms with carbon and energy. As a result, microbial biomass and activities increase and enhance produc-
tion of extracellular enzymes by the rhizosphere microorganisms to decompose soil organic matter and release nutrients. Therefore, a
positive priming effect takes place. In contrast, at high nutrient levels (right), microorganisms have less demand for nutrients and thus
preferentially utilize root exudates, leading to reduced production of extracellular enzymes. Moreover, as plants invest less photo-
synthates in belowground, microbial biomass and activities will decrease. As a result, the decomposition of soil organic matter slows
down and a negative priming effect occurs. The green, blue, and red arrow-lines represent the ecological processes mediated by
plants, soil microorganisms, and exoenzymes, respectively. The thickness of an arrow-line indicates its relative magnitude of a flux or
intensity of a process. Yellow colour of the available nitrogen pool indicates mineral nitrogen derived from mineralzation of soil or-
ganic matter. The area of the yellow colour represents the amount of mineral nitrogen derived from mineralzation of soil organic
matter.

M5 BE AR BRI BN 1) A2 (82), B AR AR B R 2 P ) B i N e O 0 A A A TR
YRR RE TR A A AL P A RE, M HRERE AT, R 2] R
WAHR A “nitrogen mining”#Li(Craine et al., 2007;  BrBEC RN . IX FEE 1 TAER = A Rt 211
Fontaine et al., 2011), 7& HARLESRG H b7 7L N, MR BRI A AN T A g o AR I
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BUSIRIUR, 102 A 5 A 2 T3 i R AR 2R 23 Wik 49
(Kuzyakov et al., 2000; Kuzyakov & Cheng, 2004),
W T T A HUST B S o b o RIS, 8
(1) A M I 25 sk /D FEL ) 1) 1 1R 5 43 TC (Phil lips
etal., 2009, 2011), ¥/ MRS AEDIECE RS MR
BRI A B M A U D, LU R
YRR R 7 W) () O R FH B4 ) T 3 LB
WAk, AN A A7 R AR B IO RN (I 2) (Fur et al.,
2002; Blagodatskaya & Kuzyakov, 2008; Dijkstra et
al., 2013), IEAK DL HAT il 0N A5 B A e 11 AR
HAS RS

PRT kg I e - 398 k2 A 0 1 R 5 23 1) e ) P
WAL T —FhEhaAA Az, BRI BRI RN ) 1
5w A k.

DA F AR o 380 28801, e AR B DX A A0 AR 2 Rk
GEC7/ b pnelliiorne Sl VRTINS NI EE 7/ e = T G s/ DI
- HATMHIFE IR 75K, AR BRAT BRI SR,
W54 WU 5w 400 o i F (Kuzyakov & Xu, 2013),
W2 R IE AR BRIEUR RN (K12) . H S FE 4RI
A=) RN 52 ) SR AL BRI, AT e s 5 A A7 AR
bR A& %W (Dijkstra et al., 2013). [ TR S5k
W A )56, ARBRGIAEY) 2 i AA AR 5k 2 ) 55
g, EMTE T EA R R BREURC AN . 245>
WYHCIE BRI, SR rAE A7 S I A A=) (=2 h
20 B SR AR B O AR P AT 8 G AT PR A
K F1 5l i (Paterson et al., 2007; Moore-Kucera &
Dick, 2008), Wt 7= A= 41 f1 4R B ik 2403 (Fontaine
et al., 2003, 2011; Shahzad et al., 2012; Pascault et al.,
2013) . BEAG AR B B U5 PR PR FE, 2B A SR IR
YIS PEREAS, KA A7 SN BB e 4 i 1
Ko DR KA A7 SRS AR A ) E B LA, AT
SR 3B AT BB O3 i 1) B 32 280 (Talbot et al.,
2008; Fontaine et al., 2011), A AT L i 1 22 MG
R EY IR EURE 43 (Otten et al., 2001), 1 H.
T T LAG3- Uk B A i A AR r 2B A SR TR AR )
FIFH 1945 WL (Blagodatskaya et al., 2007), f2#t T
R EEV Ny TTTRGE N 0h V& VA

5 HRERE AL RS0 E =

SR BRI N N AT IR 2, BRAHE 1
SR R LIRSS R D BN R
FEORUL EFE. K. COpv RULHR AR AN %
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(Kuzyakov, 2002, 2010; Blagodatskaya & Kuzyakov,
2008; Cheng et al., 2013).
5.1 NRPRH A BB EE R

DRI Ay 9 Ak 28 40 2 W B 8 80 Y R AR R
7, BT BUK S0 SRR S E AR AR B U8 R
TR AR o I A T A LI A )
AL N = A R R/ H (Kuzyakov et al., 2000),
H T R RAE Y RS T VR A TARIRAR
AR (Blagodatskaya & Kuzyakov, 2013),
AT LRI AATR I AN [F] L I AR ) R A T3
BUTTI il b BV, BIETU A Bl TR P A2 £ 15
5 AP R O B TE . 22 B A
BT 2 TG 9 P 40 R 3 2 R 2 1 i (Noottingham et
al., 2009; Bird et al., 2011; Fontaine et al., 2011; Gar-
cia-Pausas & Paterson, 2011; Dijkstra et al., 2013). [§
T HEMWITB, ik 2 Bk oA R 340 78
FL PR ARG R AT H I AL i Ve, w022 1)
B 7 T AR AT SRS TR A ) R KA A7 SR () B A A T
KON A FR R A (Fontaine et al., 2003; Pascault
et al., 2013). TAEMIETE, JUH AL M A b T
X R IO RN ) 55 W T8 T 52 BV 2 IR RV E, (H2
MR = 3 3k VE R 9T 45 18 (Marxsen & Witzel, 1991;
Fontaine & Barot, 2005; Blagodatskaya & Kuzyakov,
2008; Burns et al., 2013). 7% L& B BRI RN 1)
A BOR IS AR E I 2 IR, ARk 7 T AT
FAB Y LR R A TIE PR A 1) 25 R A
FER BT H AR (Blagodatskaya & Kuzyakov, 2013), )
AT TR AR B SR BN ™ A v R

TP T 2 B W R R 2y, AR
FR B 32 P T AR 2R 0 WA 42 1) 25 M it & (Dijkstra
et al., 2013). FHYIM R PP —f L GG I
10% (Chapin et al., 2012), SHEME FRRIUE DI
J(Zhang et al., 2004), KHOGEIEHREE . A4
KRB FETh R S 25 8 o5 LR 2R 73 A )
(A8 A P, AN T S AR AR R 80 118 7 1) i
J% (Kuzyakov & Cheng, 2001, 2004; Kuzyakov, 2002;
Gardenas et al., 2011). 7E5 0 M5 5 R ] = AR 1 E
IR BRIUA RN, 2501 IR 1 J MR B A 28 3
I/ A0, TIAE IR K ST AR 5 HUW %2 21 4 IR0 3%
J% (Kuzyakov & Cheng, 2001). A [RFFSH14 1) 4= K
RWARE, HOGEEMRBCRfAAE 2 R, TE—D
AL VNI PNA I



T b R RS, JCHOR AR R
AR OL, AL 5E M AR 2R 70 WA He A Jo 8 1)
TR, T AEM S B 2 18] ) DR 2R 7))
B . il (Kuzyakov, 2002). BT
B, MR AAFAEAF R R MR BRUTAR I, AH DY
AR ZE DR R I PR AE S 1) R 22 5, AR B
RN (it AT T 2 B2 AR 3BT AR AR
PERIR R W L BRI AR 22, T 5 RSB 5 1Y)
WORBLN. . BEAh, HRAR B8 AR 5 Wi R B U O
[R5 55 15 1) (Kuzyakov, 2010). 78+ 3845 2 & A2
IS, M FR AT LA T 53 AR P ) 2RRT 8 o 4 AR £
e KR AR I WA L OR BN ) e (Hodge et al,
1996; Paterson & Sim, 1999; Kuzyakov, 2002). X4
AR A4 e 55 MR B A B BE FGIE EE(Fu- & Cheng,
2002), JIr LAREH A il BOAR A AT RE ™ AR 0 s R AR
BRI RN D, MR S RERIRI L, s R
15 R 9 7] 2R T T R A5 T R0 SO RN 7 A
Wiy, 40, WET R AT B R R K AR R
AN AR AR ZR A A S SR AR B O (Zhu &
Cheng, 2012); MECIR AR L B AE WS (2 20F -3 A Bl
)43 fift(Hodge & Fitter, 2010; Cheng et al., 2013).

L~ T A0 PR R I SRR 200 I L B0 T A 40 i
%l(Cheng & Kuzyakov, 2005). CsFEAICHIY)H K
AP 2 S g SR AR 2 A Y 2H S A i e AN T
25 FEUR BRI BN 1) 2 7 (Fu et al., 2002). 5K
KRR /N2 (Triticum aestivum)A EL, S RMEY K
52 (Glycine max) 5l & T ¥ & ¥ K 2 Y (Cheng,
2009). VTR HIBIEFTIL AN, VR AN R F5 O A
S P ANTR] AR B i R 280N (Pausch et al., 2013). 4%
M, PAE#RAID SR, I E AT KR
Sk W B 2S BROR AR PR BOR RO, RS ), L IG5
MY—RE . &, A S A R —R
TR W T A SRR R PR BN 8] 1 22 5, AH ]
R HI b 2 TR R B0 SR BN () 2 S R i 2t — 20
RS

FLIAEAN TR R P 303, AR 70 Vb ) ) 80 A 2
FRATFAE 22 51, 2 52 WA AR B PO R0 ) o 82 A 7
) o FRZEAE A ACIE A, 0 U SR AR, LI A
Yoy B2 KD GE PRI ER, 7 R AR PR Ok
RN AE 2 =K R R I S, R R
KIFD, WA A RTIRZR 7 WP g i - B, M
T3 BUS AR AR BRI N o % T4

PIMIEEE: ARBRBOR RN R AU S SRS TR 67

W, AR, AR BRSO BN A B 5 Bk A7 AR
B IB0R 80N, T A A R D) 7= A B 38 1 1 R AR B
R %0V (Kuzyakov et al., 2001; Warembourg &
Esterlich, 2001); 7r 4 IR Br Uk R0 AT 3k 21
KA (Cheng & Kuzyakov, 2005; Cheng et al., 2013;
Pausch et al., 2013). HRFRUTARAI 215 PEAR AN —
SRR ) I 5 e B X 22 AE AR R ) IR e B
(Gérdenas et al., 2011),

IR, e, B HIESh T
T AL gy, e AT nT DL R T o )
(Lavelle et al., 1995; Bityutskii et al., 2012). i (Al
PRod B RIS AR R, S A ) S R0 SR
IIITESr, BRI AE ) RV 45 7 R 5 (Alphei et
al., 1996; Dijkstra et al., 2013), MMl 5 i AR Frif &
RN (1) 7 1) TR
5.2 FNRPRM AN IEEIER

TIEEERY . SR KA pH. R L KS.CO,
T REFN BT A5 AR A= P DR 5% 38 ek 58 1 sk A A P
RS WA A5 I R, T 4 R b 52 i R o BB 0,
(4] 7 ) F1 3i JiF (Blagodatskaya & Kuzyakov, 2008;
Cheng, 2009; Kuzyakov, 2010; Zhu & Cheng, 2011;
Cheng et al., 2013; Dijkstra et al., 2013).

I 25 R F T (Blagodatskaya & Kuzyakov,
2008; Cheng et al., 2013; Zhang et al., 2013). # itk
Jii(Rasmussen et al., 2007)55 341 0] X M [ I A 250 7

SO o DRIA T A LB IR SR AR A0 Al T 1
B R 5 4 KN, K 1R 45 #) (macroaggregates)
() 8 388 5 LG /N B1RE 45 K4 (microaggregates) H (1) 5k %)
TMi#(Six & Jastrow, 2002), M AN[A] AL 45 #)
XA EAT AR ORGP I A A R IR0 2%
¥ (Blagodatskaya & Kuzyakov, 2008). i, 7 4%
K/INBTRE(1-2 mm) U5 310 1E O 808, e
0.25-1 mmty 1R AL 5% 21 61 (¥R 30 (Degens &
Sparling, 1996). iX 1] & & i T A RITUAE S ABE 10 77
SR AN [, 388 7 T g ) R FH K TR 45 1) 9 1)
AN TITIE e I /7wl 11025 A N VAR A A QA
(Guggenberger et al., 1999).

358 () TR 50 B 1 Y AR IR N () [
53 (Kuzyakov et al., 2000), H:rb &R 2 5 ity
VIFICAE D A K B N KT R . i
AR PR RS E RS E e AR R SR
YIRS TR SE4 o BARA TN TP R m A
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AT DL R SR AR BRI RLN, (Azam et al.,
1993; Nyborg et al., 1995; Soon, 1998), 1H 5 % [t
FUN R TSR A Rk B e ek 1E AR B SR 2%
I /£ (Fontaine et al., 2003, 2011; Zhang & Wang,
2012; Dijkstra et al., 2013), T i F & i N 2 FH3
RN [ % 4= (Nottingham et al., 2012). S HEST %
WY AR B Bk R TT RE 5 OBE I A AR R
(Nottingham et al., 2012), {H 5 Z 5T A A Hn]
DA B 422 8] 45 38 v 1 DAL sl il gk 4 2 4 il 7 A
AL ) B B - A, AR AR A LB 43 i
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Dijkstra et al., 2013). KUk, HREREHAR RV 32 5%
WA A OG, S8 AH AR RRA R E
(Dijkstra et al., 2013; Sullivan & Hart, 2013).

- HE K 3 AT DL A A 0 I AR ) 1)
AROIR, 5% W AR B TR BOR BONE, T H Ae 1
K RE AR B g AN R AR B UK RO (Dijkstra &
Cheng, 2007a). 41125 AE FH REALAR B i A2 13
AEF, LIS TA) R S AR ) AT B T Ak A
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2007a; Cheng, 2009). Cheng (2009)45 H! K & ML bre
WOV LGN 9 BN, Wl gt T RSN A
Rk, EEIZEBEE, KRR % 1
DAY N A 2R 1K 564 (Lodge et al., 1994).
MR- WM I & &+ (Gorissen et al., 2004). i I
(Bell & Henry, 2011; Geisseler et al., 2011; Burns et
al., 2013) %5 XS HE ik R ™ A 5

R B B R A8 1R K /N A 52 - 358 pH ) S i)
(Rukshana et al., 2012, 2013). — %+ 3EpH }5-82
[) B sl A= 4 0 470 i A28 v 1A 1 (Blagodatskaya
& Anderson, 1998), UM H] ™ AL AR KT AR BRIk 2
V. (Blagodatskaya & Kuzyakov, 2008). +3EpHiffE
T 5 R AR AR I AE KK (Edwards & Scott,
1974). HHMII4:(Read & Perez-Moreno, 2003).
R B 1842 W 1 41 Ak (Blagodatskaya & Kuzyakov,
2008; Rukshana et al., 2012)ff 5 i i A 24 1)
J7 ) R L

JEAR 2 W FUE S B B8 % 0 T A LR
143 (Trumbore et al., 1996; Holland et al., 2000),
AL 2 A IR 5 68 AR B B A 280 I 5% Wi PRI AE 92 0 A 22
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S5 WL 53 i % i 1R BB P (Zhu &  Cheng,
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2011; Thiessen et al., 2013), {HW A HF5 & B E T
T BEATE T MR B R 34w (Kuzyakov et al., 2007). 4
TR FEAR A ERAR ARG Bl M A2 25 R G e R KR i
RO, AR NI SRR BB 00N X il B T v
S

VFZ TR, COMBET) i Re S BRI A 1K1
A FFIEH12% 25 77 7 (Amthor, 1995), 4 ne 4%+
HUR B 70 Bl (de Graaff et al., 2006; Phillips et al.,
2011), FERHRBRo> WA ARG Hl AR AR 5
Wi (Kuzyakov, 2002), MM 2 T AR B Bk 2500 3
(Phillips et al., 2012; Dijkstra et al., 2013). [}, CO,
WRPE T =y N 1 AR AR P B ) 3R (Drake et
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2002; Reich et al., 2006), 578 T HIMIHR R FTEY)
XTI SE e, DN A TB) 42 52 Wi AR o i A 25 1) K A
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KRAEUTIE T AR I g 5 el R 7+
BRI AT, FUTFE S AR AR H T 1Bk
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A s (Liu et al., 2010), 317 FRAGAR b i
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3 A 3 F5 T % I 9 U5 R ISR B (Cheng et al.,
2013). {ERYI AR Bt e S 3 BT 98 K
FEAEF S, FE2 A B E D AEAR bR B R T BE 5%
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BRUR R, ARy SR R G E T R g e .

TERZ BB AR R G, Ko e 8 e e
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PIMEEE: ARBRBOR RN R AU S SRS TEEE 69
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I FE AT DR AT LA (1) 43 it
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