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A review on the functions of nitrogen-fixers in terrestrial ecosystems
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Abstract: Nitrogen-fixing plants are one of the essential functional groups in terrestrial ecosystems, which drive the
accumulation of fixed N on long time scales in many land-based ecosystems. Many researches had showed that the functions
of nitrogen-fixing plants are diversity and complex, and they strongly dominate many ecosystem processes. Through forming
symbiosis with different diazotrophs, they could ameliorate soil physical and chemical properties and microhabitat. They
directly affect the key ecological process, such as nitrogen, phosphorus and carbon cycles, seed germination, seedling
establishment, plant growth, succession trajectory and litter component and decomposition. They improve the primary
production, community complexity and species diversity in ecosystem, and facilitate ecological restoration and weaken soil,
water and nutrient loss. In the future, the following topics, including the quantified research in natural ecosystems, the
primary factors limiting to nitrogen fixation and mechanism of ecological control and distribution of nitrogen fixation, should

be studied in detail, which could provide insight and theoretical foundation for restoration of degraded ecosystems.

Key Words: nitrogen-fixing plants ;terrestrial ecosystems ;structure and process ; limiting factors ; ecological restoration

5 [ UM A ¥ ( diazotrophs ) U AL A= (R AU , GEFR Ay [l B 2EAE 4 ( mitrogen-fixing plants) !, 4045 G F}
Y AR ERHEY R K HENRIEY . ERMAEYA BB RE ML EFRFNE. fEFS
HEYIER RIS, A BR8-S AR FRRFEYIY B A Jo & AR B R, W S5 A&
I EZRHEY AR ERHEYTE SRR LA A, AT A B R, B ALY EASRE T AAEENATIGE,
T A B R B RSP AT AR 3RS S R s, S b SR 3R R A ) IR A S R )

EETH : A AREE S A IR ARL 2 & B H (40621061 ) 5 A ARFLA 24 BB H (40571005 ) 5w EBRA Beva AT sh iR (Z3) T
H %8l ( KZCX2-XB2-02-31)

1% H #:2008-11-05 ; &17 H #1:2008-12-17
* W ifAE#H Corresponding author. E-mail; mkm@ rcees. ac. cn

http ://www. ecologica. cn



870 £ F ¥ W 29 %

R PERR A 7, T (i s 2 25 R G e Ak B IR S5 ThBe o O TR B X M 3 A [ Rk, AT 7E
ZAER ETFRET KEBIE, B4/ 2 Tk CEBAEZK T ESTASRERE KEMmek R ED
(B2, RO [ SR Ay e HL e A 8 R0 A A5 2 WL B AR L I = 1) A 6 B LT 98 i R AT 2 T 45
R, G E RSAE Y ERG A S RGP AE AR, AT IR A AE S R G I [ RS HE ) R4 B4R fit
FLARE
1 FEMAESRARERLEWHER

Rt A= 2 R GEH R IE RSAE Y 7T OB AT 4 R A B E2E B SRMEY)/ L8 i ( Legumes / rhizobial
bacteria) IR FEARAEY) / 36 2% 75 [K B ( Actinorhizal plants / Frankia bacteria) MiFl1E4) / H38 # ( Parasponia /
thizobial bacteria) [ Sz A4 ( BaFEAE 4 AR T9Fi B J& ) /15 3 ( Cryptogam and Gunnera / cyanobacteria) /7! | &2
[E RUAE ) Y R R L S A g B R L R A XA A AR (R 1) 6

F1 HHESREPERANERLEVMHSILEREER
Table 1 The types of N-fixing symbioses and their ecological characteristics of nitrogen-fixing plants in terrestrial ecosystems

e

RSt e Nt o) HAKIRERORER  EEAHKR ek
( N-fixing symbioses) (ke N-hgm -1y Types and total number Biogeographic realm Reference resource
WS 850 IRRER AL S ) s IR it 1 (8]
SRR 300 ~400 ZEEWHH(550 ~660) R R [4]
ST (88 ~ 102) i&;ﬁﬂﬁ&%(ﬂﬂ)ﬂﬂlﬁyﬂiﬁﬂﬂ*ﬂ%
1 TR R AR EFEAE BT BT, BEA
SACILR (921 ~973) SRR AT B
. se FEARBE AR 2 RL 04 )5
PO HIRZ 1590 R BRI B TR AL R X [3]
T FZRLFIYARA (200 £)
HY/ AN 2~41 WA R (HA) KK eI ERE (W, FRAER L) [60]
- R (250 %) WKFE 5 FI IR 8T R i bk it [6,9]
EI SRS A7 76 B 21 BR i By 380 10
7 PURTIRL R R ZE SR ZE A X (SBT3 36 B h IR A0 g 3, B [10]
#(450) 22, 73 g YO R R S B 4 1 T ot
X)

T B} Leguminosae ; 2552 A} Caesalpinaceae ; 75 25 & WA} Mimosaceae ; WEfE 4 B} Papilionaceae; #EAF} Betulaceae ; A BRiE Al Casuarinaceae;
B HFR} Myricaceae ; #7247} Rosaceae ; il Z5Bl Rhamnaceae ; B #i 75} Elacagnaceae ; T 355} Coriariacee ; PUR KB} Tetramelaceae ; 7 4% J& Cycadaceae;
W MKEE)E Trema ; B TIPLELJE Gunnera ; 4K lichen ; #14% liveword ; Bk2E Pteridophyta ; W5 4l % Cyanobacteria; #f; 2% 7% [C 1 Frankia ; #3985 1 )8 Rhizobium

EHIT, XX LI B R ) R R E R A SN RRA 6 . SRHE RAEMTETR A, AR T 2
Yo A6 R AR SR AR S B K e R B T RIS, R B 8] f5e B, AR T AR B, AR R 22, T R
R, RHHAES REBRFEMAR . ELREFELE 80% MAWE Ay EREYFTEE " . SRHEY
EEAREYPR R AL ERME . AR TR RS K ER A Frankia 404550
RPN FARMEY) (Actiothizal plant) . KT EMHKMHRBES . EREFRNSFEERE EAMTA,
RA WBAR (Datisca) HFA SR AL T ZRAK, 2T R FRAMEH M EZAR. A LRLE
AR RCRAR T , AR A TR AT S Le TRMEAR L o B0, Bk B AR R A AR 1 B R R
12 ~200 kg N-hm ~*a ™", T SRHE FAE Y VD BB O B R 2 27 ~ 179 kg N-hm ™' %) 5 G R ERISHE
YA L, Rt Parasponia J& AW RE-SARVE BILA B R, /2 B AITHE— RE-5HOR SR B R 3R ERHEY) , & DL
W, A A B T TR P L AW AP — A 1 5 AR Ko e i, B RO B, T PR IR+ 3t X
BRI SeBEY . SRHERMY) G BARMEY) T Parasponia J& [5 RAHYI AR R 4EE KA, Br ALA L 3
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P AR [ RSB 2 ph [ R AE W AAEE L YITE AU o BRAEAE ) ( Cryptogamous plants ) (35382 LA | 5 B A0
BRI, AT LUR R B A S BT B R WSS R AE T R T R AR X (AT, B AR 1) SR
PRgE, B AV E g ks K AR M E BRI, X LA S R BRI, EY5
By K R E RN REE S5 IRAMNMZXRE o WA, BT I5 2R ( Cycads) TR FAEMAR TI R
J& ( Gunnera) 535 T AN 4 A TE ARALA: , i eIt AR [ SRR [ U SR A T 5K, 18 il B 23 A VS B8R /1, TRk

A X IR R G R Z B S RGER AT LT A E R, N REAWRARR , E RS R R0,
TR AR AW EAEY) - TIE R G B 4 (self-sustainability) .
2 BE@EEFEYXHEMESRERASEMTT RN
2.1 Xt HIREAFE IR HIE

B AZAEY) AT LAk LIRS G SR, B8 LA E R 2R B A B LR BRI DL R R
Dutta Fl Agrawal ™' % B[ AHEA B ERE TR SRR A RS &, AR UR & B, 3 B3 hin H [E #k
B, R st . KREBIITSE I E A B A R A AE 1 808" B B3 AR R A HLR R
er™ ., BRSEYARSRER, B8R, EWIAE S ik E A B, 8% MR iR AAR
T ] LARRAREE MG B M R I C/N L, (5150875 49 o3 A A R e B AnpR, 38 fm T LA HUR AL, BE
e b, 388 TR HERIAE J7 o IS M AR A8 B AT LU SRR T L3 i3 3h 7, 5 ARt G
K&K (Tectona grandis) 255 T AN 92% *  Inga T F - E0F o BE LUXT HRR B T 15% 7)o M)
TSN, 15 A 3037 /33 fin . Rhoades 257 % BN, 154535 %0 J5F + A L, Bl BAEY) Inga T 48 (0 ~
Sem ) B ALAEFAE LA R 205030 T 6 A5 3 4%, NH, F1 NO;" 2053 fin T 68% F1262% . A=W)45 2 il LI E
A, B 22 A ) 7T DA B B R 45 T AUk, 1 0 TR T R ARRS e M, B e R 10, I BSS R
TEREDRE , P = 5 B AL AT LA 55 A T P XS A K B, i/ XUt K et R B, BEL AR R R e b 37
UK o B EAEYE T AU ARGE T A, At | 3R B AR B | & ORI B OB B DL R KUK #9323l
RS . Rhoades 2517 5 H [ Y FZ0@ i MR T2 HOABE A P (A0 T2 A0 X3 458 ) AR B o 2 0o
RIFEY R VeSS THGE THEYAKE T, EREHEYUE R AERNEE I SEED M AEY
SFREVE AR SR BT o b, Z4E A TR AR T RN e —AE A R A, TR R B b
A ER . & LEAIHEY) B TR A IR A 5 5RE B VA RN B R A, A N ELA SR R
i, TRMEYRE K USSR —BEE ST YRR XA T R E R,
2.2 X TEE AR ARA K B

TIEPRRGZ 0, EAREYE S A EANKRIPHREBAR  HEAKTE, W5 T 5HEEYX -
WRE NS, EENRZ A OB R RN 8 E R R T R At A, O 3R B A iR
HREF. WIIBIBMY Gunnera tinctotria HIEFILF- 564 7] AW B & AR TE™ . BRI AR
P HEMAEYE RSB A R R EHE AR 640, AR e AR B AT DL R RO E RS 4EE 1
W) =B LR AR A B AR . AATE TG BE S AR B 35 i T 5 P40 B HH o TR R B - T AR -
1R A K AR PRI (plant growth promoting rhizobacteria, PGPR) #t A4 (&%) | KhiMiAE B REW R A= H
2B AR RS, B AW T A SO X RS . BB A MBRITTERARA 15% ~30% K
AIAEFEA . KEWRER, ZEAESREH5IA SRHEY) AT LB B #8 iR fE  mdsg  = H0 R—
FREAER BB AREN L . A4, PSR T TRER 5 TREEBMNFME R EMFEEE
BRI HYEE R RS , (R IE BT 18 S HRE A, 8 R T8 K - R R R K R i b
TR, 45 B h i B E AR T DO A AR R ILE SR A AAE R LR R . RESERAESE, EWEE RN
YRR AR RHHEY AR, REAEYE . (B2 EFEEYIE A I E R IFARLEX 1, fE4L
T BRI HBZ , B BB 25 B AR T 60% ~80% ,TB AR “ B2 EE” , B E 35, BRI T BAkeE = /Y, R4
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B ALY ERG ARG ) oA, (B IR A BEAR B R R X AR A KR4 7= 7 i R, Xt 2 KA R 41
AEBFRN— NS, A E Y &R IR AR R 25 5C 1056 2 RN 2 1) R 9 0 e 2 BELARRIREE RO R/
JRGE, 98055 KU R K ik R (R PSR BE o RPN GRFEAR (Alnus crispa) 3B 3 A T4 &K 5 Je AR 19 71 e /R
- YA K+ 34 . Eldridge 1 Greene'™ % B : A= My 4% Bz 35 BE S AN , 40 BURLIE S Wi /0 , 3 HL W okt = b
BEEBETR, TREMETRiX 2 205 A A Y45 5 A B SOWAS R, X PP BRI JR AT LA 24008
SRMBEREFIK L IR, 750, B AREYERE TR LIS, X T EAE Y Fh 2083k 50 0 Bl st A 252 72
(Blan R ZREPERIAE = SRR ) M MA EEE L.
2.3 XM BRE R I S B R

[ AR SAB WX VS B B R i, (e R ST SR R ZE B AT IR IR AR BB MOt s A B BB R
BB B, IR AR IR B, i FROK T ISR R T, R SR RO 2, R R B Z U A E, A
RFMEYEEE NI BB X RAE R, KREFREN, FAERNRERE —BREEABHARNHAE
Y, SERRBBE T XEMAEY RN TR TR WAEEHEY . REFEERBARRMEEBHET
R HERSE R H i A E ARG, S A REY G , AR FAIRRLE LIE D, NG REH AR
SE JE B A, BETT AN PR B R, BB M I R etk . BB 4 MBI ST Walker 25550 76 37 74 22 BT i G
EEXT TR B BHEAR Coriaria arborea R FEIEE I TAE , & U RL4ERL K LK BRHBTE 17 FRAKTE B L F2
C. arborea — HE & ,ARPIE BUR B HIFEMN , C. arborea MR T ITTY BURFR /TR R, 3 K 3B FEM
Wi B S AENE , HTFARI T B9 & 2 S R BEE B MM E 3. Clarkson 28570 i /] — b X BE4T MBI 5T %
B [ RS SRS R R AR IR R ERI B 2R 5 C. arborea Wy BEZHTHIAFHHEI
HHEL, C. arborea FEERIEZ BB EM T AT A I BENYMHEEE., FEREFEEIES, KEHLE
I SRR 1o P A e A 0 388 e gy b o % AR 40 1 B T 2 R e 4% 4 R T A2
B (EH N R R B RIS Y U B LR ) i BB R 4215, 37Bellingham 451 7E 776 2% Kokatahi
WA K, EE ZRHER Carmichaelia exsul ()% &, 158 R Bl Z 3G 0, AEL B 0 AH B 3 D B A\ TR 3
Mo BERZSAE YRS AR R 278 6 7148 A (inhibition effect) ' il 4n , 3 75 22 ¥R 4 b k1l E A
C. arborea HFFIRAMAERK (BT il — LB R MAF G RERKDY . MBI 2, 7] e L fl
[ R AR AR N B, TS FAEL AR S A3 % . Walker 1 Chapin' & BUZEIR 4 F T A8 A Kt
H AR F AR BERIMET , X LI S A2 @ E R . AR 575 & A8 W A 1 2 N T 1 X
JE A R I SE B AR o Graetz il Tongway ™ % Bl A 4% Bz 35 B MAERIE A 35 B R IE He o {H A AR 45 3
HOFRIE , S IR P REBR AR I AL A SRR B B O, B TR B HEE , AR A 5 BERG N, L TR Aok K IR A R
K THEME RN RN, ST BB LI A 55, 45 R NI A DL FIFR 20 7T LA AT TR 4
FEHBUEEE , NI SE 2 MY Fh ) BURIAEE , S i Fh 264
2.4 SPREREEHEYHIAZBL

SPREREHEYER — A REY A F Rtk , LR R , A K B IE J1 58, (535 58 J1 9% , it 52 Y5
AN RS PIMER S, EEE AR, EATE R RE E A LAY A R KRS TR
U, SMREEMEY) — BRI BB, S ARESREEGEE EDSRA WY RE™ 4 B,
XEA YL HRE . W0, Hickey 1 Osborne' ™) % B3 4 22 B A B, %5 1 K # ( Gunnera tinctoria) R T
WIS (Salix cinerea) Ff B0 738 H b ¥4 20 BUFIAEBE (1) B AR BB, LA, Sh R L Ulex europaeus {fi Kunzea
ericoides TEVE P RES M FhE 5 AL B RE T . &3FMIE (Acacia saligna) B4 = K EFH T, I B K BSE
ZEZEGEFLAE IR T RIIE Fynbos A R4 o SREIREMME LS T R A KSR L Ysh SRk
Fedk R BB H K E (G. tinctoria) P2 K BAP T, 3 BEIE BL AR 138, IUE AR o 0 24 4% P 4R
B R, HERAS Hb 4 Fh, T2 E BB T Taranaki 19 R4 B b A D R 525, MBI T WEw #
Eupborbia glauca FIZ R o ERT, SR E RSy ik A8 58 R AR PR B R ML R R i 28 . AL
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il A B T BB AN E RSk Ar + 388 5R DL IR RS R R M AR M A IR R,
2.5 XBRABHEI IR

E RSy HATIA F R, RERAYEMIEAYE P AR TENEESR ., ERARARMATA
BREF—MIERAMNRZTRYUN . Fhak B R B AU A STk oK, 4 58 R RIE IR E Bl e i
EEM, GREAEYEER D HEHAESRERAT.0 x 107t A E, K, 2k RAEELFRELX,
B2 B TERH LR ek B R AL 2R A A g R R A R A A MR, X th R
—BAE" . BRI S REMEERR T 2 AL, 7 T BN S MR 28 s
WERER, EREHEYEDCEERRE R KPR CO,, ERBKEY @it A YE ARG RESA, (2
MR B 2 A AUk, (B T A4 R B AR R (RDBRIE) , B UE W B A —H A VLB R R, ER
FAEYRIEY & F B RRE, BT O+ IERRIT IR 5% 5% B — e, B A 358 vh 3Bk B A 2R A A Bk
ATk, ERZRBMSMET , REMAT LIRS0 0ME Yy 7 4 8 2 B EE - F3 hn TALBE 8™ 1k
BRI A AR, TR B AR KT LA R [ RS 1 AR A Y E R B A Y R AT R
B R A YA B A BRI IE A & 75— . 1IE A0 Pastor 1 Binkley™ 38 i . #1 Bk . Z B TT K B I 10
FEB R B iSRG PHAR L L4 4 1 B A
2.6 [FERIAEYEBIREHEE

B RS PIBR T 0K 100k At Re L3540, B BA B MR E hEE. LRFUE REMIRE R
REBERZR, MEAIEYER HEIES , AR THEEKE, BTERS, BRREEHYEEH T2 M
AR . A RRAIE N BE S GRS RE ., VBN TR R RIS, BA KB
B RGEHTIRE BRI BA BB 3P Z A TRE LR . 1979 4EH1 1984 E7ER B #
Fift 8 Fh Rl T B RAE 0 7 x 10°KR&N T , F T KBt se b 3B A T 6000 hm? 18 4k + b Pk &2 FAE i
#, GREMTER IR R LB R A T2 B, IF ELA R R IR 0B AL R G, AT DA SR 3% ) 3 B A K
S Bl B LR L9 NG SRR I, Horp I &4 1B (Acacia mangium ) F1YE B AH B (Acacia
holosericea)2 A~ A A b b AR My B E 7 AR S A5 0 — oLk B [ ZW A QRS A (Alnus) FIHEA
(Betula) KA AR EE AR BAILBRERTARNEATEE. TREX AR, BR
WAEM AR E R IR - RS K, AR TRy —EA YA K, S LR E 3R
W, AR T EEEEYER . KBPIHEN, 7818k L ik & b, RS MY = OE B H
MEZIER . H—, BERAAY) PR AL T R R R AR M C/N Lt , JRVE 565 7T LA R0 i
HRALERC NS T E R Y R T UWE R TS ¢ 44" (nurse plant) . E&ILA:
TR B WSS A R IAT TR B, DA % 0 34 120 55 ) 2 B A 1] R MKs 2 A 2SR BB B 92 1

BTS2, B R Bt - a0 S FR 241 LA Bt R A B, LR W R T8 & AR AE K
TR TR SRR | I R ) AL S L il AR R IR S A S R, ST S5 B e R M 2R R
PP SIREZ ARG, DK LSRR AR RE R E S R AT FFSE R R . B RAE YN b E3 T
A A BN, R AR AES R P EE RN —RINRER, 5 E R A S RE R, RES RS
IRESAEMER — BRI,
3 REBREENSGHERRRNESEE

NZEHFE F A, B R SAE ) 5 A B EL B R R S R 5 IR T A SR LS i, {4 T SR SR A i) %) s
] S s AR, AR E AR R RN 34% ~56% , IS i i B R AS B R BN 20% ~25% , T
HF AR R XeEEA SN EYHRZMIEAEYRE .,
3.1 APHRE

YRR ARESIPRE NN T HEMEY S5/ o ERA RS E, BREYHETE
FEEME AT REGEEEIIYWRE . 416 ( Chordospartium mutirai) i T EF R B TIE AL 30 A~/

http ://www. ecologica. cn



874 £ F ¥ W 29 %

B AREEHED OSSR A RS, KA MEEZRAEMER, DREMYETIEER
ROZHFRUBENRAE, ShPEE RN o A4S B HOROm BB 25 A8 T35 shAk % Uk, B
Sy, AR B R PO R, A A R 3 BN o U A A ) 22 I R 25 B 3 AR RS A
ERETEEWAEMER, IREW, ERERLETAHEYR AT URSENMNETEARE T HEAK
#7321 - Yamanaka F1 Okabe'**! 25t i #& A& (Alnus sieboldiana) -Frankia 3t A= {42 Fh A% AR B B Gigaspora
margarita F13E RAR AN Pseudomonas putida , % B 3 Fhik A= ¥y %t i A AR (Alnus sieboldiana ) ) Hb_F FIAR J8
AP EBAMMIER . BT AERERE RSN, — S [E R A 5598 A A B AR PR 28 B IEZE 0 AT
B WK AB MU ( Pseudomonas cepacia ) T LAV Ak H (i MU TT 38 i B R0 3 o AR A RE
FEEARHEY R T , BT AT LA B B E A2 M GHT B T3R5 Th SRR B (B A s b )k = 5 Z DR E
FIMRIR B ( co-adapted rhizobia) "' B US| Fi G , Bl AW A A BB A E X R o B R ERHER B AR
RS EBIR L . @SR AR b 5 | AT 2 A i (B R A R AR i B AL A AR T8 i, B 9% - T AR A
FRAERWA YR, Uliassi Al Ruess"*® 1 TEBEFE HEA M- TR BOR [ 208 3 BLE L, 45 B B M
ZE RS R G AR A N BRA SR, ERUBFRR D,
3.2 FE4EYRER

JEA R X E A I — EZ A ASFRMER . BRERLAENEEYREEY L,
TR 3K S o pH R R IR RS (AR A VLB R (O (BERER) 5. A
KA :[CO,] DI FEF ZERFRWIES) . JEAEY T, 0140 B AR KR JK S, 23 H] 45 1 52 i St A [
Ro TKAE B B i [ UG T 7, AT k28 [ A %, Houlton 21 454 T 6 AN plSr 5006 (Wi sE T 4146
FEFNAE 15 B A Y AT R ) o 1B OB S M BE IR BB BE 8L Bh S, R BB ARG BB IR 2 26 C At 13
B (35 ~40°C) B H S FEARE I Frankia B 12 YL fE 7 BEE 357 HHORDRLATA HLR & B s aa > .
R4 AT LA AE TR 8 , SOAT DA B H 5 AR R ARG ok B A R 5 ) - 338 vp AR AR B 1 [ R TR A T R A
fit . ZFEEA AR . WKt pH A YURFURM[ CO, ] FHE AT LA i+ e Bboxt 48 ( [ & A
MR BT ER ) F I R , AT R IR - 33 4H R R A5 , 3 BB R R . SRR SR T , AR AT 15T 3 e
B R, T IART LARG s m DA o (B8 R, XA B (R e T 3R 58 TR (L 4 T R A AR 2 R )
ek R ABE R AT A ME I E A BN BN R E RN A IR HEFALBWES T AR
. Hartley Fil Schlesinger'* SW£E T PR #l 4= 4 45 Bz 1) [ R — RS H T, R BUMEHE TG B . Uliassi 70
Ruess '™ % BB WA K (Alnus tenuifolia) BV R BAE HM o P h RURIBE T A B RUSCRER A i, T 3%
T T LA AR HIE R, BT LA N: P HSR L BN E TR IT R 4 X B 58 BB A AU R R HE AR B . [ AR
Y2 AR R, [ CO, | FHm A A T B A, (R E A REME R, HR, WA & WE [ CO, | FH Xt
RSAEYI AR T RE R b T E AN [ CO, 1 FHE Mma BB A MRS Rk . Hutn, West 2565 5 5
XF AN CO, IRBEARME T i 4 FhERHEY) B R #Z, R RH Lespedeza capitata Mich. ) [E ZH B .12
o GERM2ERAAE T BEAVLEE (1 B 8] RUBEAS [R] 3 LAY , [ ESAR Xt [ CO, ] 5 Féy i o 22 35 R T 388K i Bsf
] RBE |, Hungate'®' 2%} & G RHEY) Galactia elliottii Nutt. 7£ 379pl-L ™" #1704 pl-L~"' CO, Fi#fT T 7a i
W, & BAE 1996 ~ 1997 4, [E AR WEH N, N 1998 4EFFRREAR, T 1999 ~ 2002 4F, & 8 % 32 B 1R 32 1)
Wifl. Uliassi A1 Ruess"*®" 38 3 BFANST IO B - Jic 2k 7 B0 802 — 1 B Ak 160 7 25 1 i 3h 25 3 A2 , 7S [ A 3 B B
AR VATV AR B A2 R (B A AT ARV | IR B A - S RS B0 R IRl B0, Deluca 2571 %
PR 25 8% ( Pleurozium schreberi (Bird) Mitt. ) [E 23 Z7E 6 4~ A B E] YA A 10pwmol -m ~d "' (5 A 4) FHE F]
370pmol -m ~*d ' (9 A , SR)G MFEMLE] 20pumol - m > d ™' Fo Ay o X APZET AR ILAR AT R IR BE AR Tk v AL
B Rl BRI AEROK AL & W, SC IR BRI S S6& VR , BT LA BB B S AR DA B 4 e , ] AL i B S HL ok
KT, Cleveland 251 45 i A= W [E R ANZE BUAFAEARSR A IEAR DG o A8 TR A28 L B R i - SR A M 2 A 45 B 14
KB, NTTBZE B AR 3 KT A KRS BB AR IR A= 45 B ) B AR 5 4 0T B L2 ) B , I [ R38R
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Lopez-Hernéndez % R 3, MBS BRI , AR R [ AUBBE VL H 325 0 8.5 A MR AT 8K 40 TEARSG . (HLKpR
AT DA R [ A BB L G B b S A R N, — BB A R L AR A

X RIAAY BB , SL e 2 AR SE 115 A RIEE MBS SC A Z BRI, X I A —
BUIR—J7 TR T A 25 10 8 SR A B HL B RS R RO i S 28, T b R AR AR T B S F5T
DI AR A SRR Ve AT 9 B (SR B R IR T 1k A X S B i) RUBE S48 UIARSE , 73— O T 8 7 LA 7E
— S S H DX AR S R IR AT IZ B9 B B E AR L B
4 BEBES5RE

5 GRHE RIAEWAR L , NATRBOR B RAEY) AR (156 W B AR AN 8% ) S 3L [ R A A
BHEANPAR, EREX ARESRGEH WERIEY N ESFEI WAL I KR SR BT
A A B RN T, (B T [ R A 345 R A T RV P IEAE 32 81 )92 503, ME SRR IS IEZE H 2 380 , T
IBRIAMR TR E R IRBAER BT Ko 350, % [ RIS B LS T REINIR R R4 T2 N S0 i e
BLIZIT )12 BB AN SR B 5T o

—J7 T, R PRI E it A 25 R G P B A e s 79— J7 T, B AN RAL T8 S A& 55 18 sh el , X4
SRGMEYP B, K EAMFRATRTE , RILE I SETE S, SR GRS e E 240, KEZ AL
SRERFREMER, KR4S E R K18 MR 65 B AP £ S R G MR R EE L BT
BEEMFIALER, A5 KEISTIIE R FELT 5 5 B RS Y 7E Rl b A 25 R Gt AP 19 70 A 4 J5) 70 [ 8 A
Jy, XA T & MBI 3S SORREH ; B RRAEE MY MED G AR A T, TR TREHGT
A A Ay ) AR AR LA FABE S 5 (8 SR SR )t B A R XA A% Ry 3t _E vt A 25 AR S 5 20
B B RHE R A R R LA 2R, FRA B LS PRETTE ; B AR B A 2R SR
GURRRIRRBIIE . B L, L NaaE xS BUA [ RS R IR 0 B, L B TR E A S R I R AUE R
I B BR FIRR R A B RS IR AR . X BB ML B R RSl N A S R T 52 R R 4R
(£ AR UK (<R

References:

[1] Zahran H H. Rhizobium-legume symbiosis and nitrogen fixation under severe conditions and in arid climate. Microbiology and Molecular Biology
Reviews, 1999, 63(4) : 968 —989.

[2] Sprent] I, Parsons R. Nitrogen fixation in legume and non-legume trees. Field Crops Research, 2000, 65: 183 —196.

[ 3] Silvester W B. Ecological and economic significance of the non-legume symbiosis. In; Newton WE, Nyman CJ eds. Proceedings of 1st Internation
Symposium Nitrogen Fixation. Pullman: Washington State University Press, 1976. 489 —507.

[ 4] Pate]S. Symbiotic nitrogen fixation between microorganisms and higher plants of natural ecosystems. In:Sivasithamparam K, Dixon KW, Barrett RL
eds. Microorganisms in Plant Conservation and Biodiversity. Dordrecht: Kluwer Academic Publishers, 2002. 45 —77.

[5] Hartwig U A. The regulation of symbiotic N, fixation: A conceptual model of N feedback from the ecosystem to the gene expression level.
Persepctives in Plant Ecology, Evolution Systematics, 1998, 1: 92 —120.

[ 6] Vitousek P M, Cassman K, Cleveland C,Crews T,Field C B, Grimm N B, Howarth R W, Marino R, Martinelli L, Rastetter E B, Sprent J I. Towards
an ecological understanding of biological nitrogen fixation. Biogeochemistry, 2002, 57(58): 1 —45.

[ 7] Vessey J K, Pawlowski K, Bergman B. Root-based N, -fixing symbioses: legumes, actinorhizal plants, Parasponia sp. and cycads. Plant and Soil,
2005, 274 51 —78.

[ 8] Mabberley D J. The plant book. A portable dictionary of the vascular plants 2nd edn. Cambridge: Cambridge University Press, 1997. 345 —349.

[9] Cleveland C C,Townsend A R,Schimel D S,Fisher H,Howarth R W, Hedin L O,Perakis S S, Latty E F, von Fischer J C,Elseroad A, Wasson M
F. Global patterns of terrestrial biological nitrogen (N, ) fixation in natural ecosystems. Global Biogeochemical Cycles,1999, 13(2) : 623 —645.

[10] Silvester W B,Smith D R. Nitrogen fixation by Gunnera-Nostoc symbiosis. Nature, 1969, 224 1321.

[11] ZhangZ Q, Su W R, Liao W B, Lan C Y. Role of legume species in revegetation of mined wastelands. Chinese Journal of Ecology, 2002, 21(2) :
47 —52.

[12] Cheng Q. Perspectives in biological nitrogen fixation research. Joumal of Integrative Plant Biology, 2008, 50(7) : 786 —798.

[13] Baker D D, Mullin B C. Actinorhizal symbioses. In: Stacey G, Burris R H, Evans H J eds. Biological nitrogen fixation. New York: Chapman &

http ://www. ecologica. cn



876 £ F ¥ W 29 %

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]
[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

Hall, 1992. 259 —292.

Williams J D, Dobrowolski J P, West N E. Microbiotic crust influence on unsaturated hydraulic conductivity. Arid Soil Research and
Rehabilitation, 1999, 13 145 —154.

Dutta R K, Agrawal M. Effects of tree plantations on the soil characteristics and microbial activity of coal mine spoil land. Tropical ecology, 2002,
43(2): 315 —324.

Dakora F D, Keya S O. Contribution of legume nitrogen fixation to sustainable agriculture in Sub-Saharan Africa. Soil Biology and Biochemisty,
1997, 29 809 —817.

Rhoades C C, Eckert G E, Coleman D C. Effect of pasture trees on soil nitrogen and organic matter: Implications for tropical Montane forest
restoration. Restoration Ecology, 1998, 6(3) : 262 —270.

Montagnini F, Sancho F. Net nitrogen mineralization in soils under six indigenous tree species, an abandoned pasture and a secondary forest in the
Atlantic lowlands of Costa Rica. Plant and Soil, 1994, 162 117 —124.

Killingbeck K T. Nutrients in senesced leaves: keys to the search for potential resorption and resorption efficiency. Ecology, 1996, 77: 1716
—1727.

Singh A N, Singh J S. Experiments on ecological restoration of coal mine spoil using native trees in a dry tropical environment, India: a synthesis.
New forests, 2006, 31; 25 —39.

Li X R, Long L Q, Wang X P, ZHANG J G, Jia Y K. Advances in microbiotic soil crust research and its ecological significance in arid and
semiarid regions. Journal of Desert Research, 2001, 21(1); 4 —11.

Li SQ, Yang BS, Wu D M. Community succession analysis of naturally colonized plants on Coal Gob Piles in Shanxi Mining Areas, China. Water
Air and Soil Pollution, 2008, DOI 10. 1007/s11270-008-9684-1.

Paynel F, Murray P J, Cliquet J B. Root exudates: a pathway for short-term N transfer from clover and ryegrass. Plant and Soil, 2001, 229 235
—243.

Hggh-Jensen H, Schjoerring J K. Below-ground nitrogen transfer between different grassland species: direct quantification by N leaf feeding
compared with indirect dilution of soil *N. Plant and Soil, 2000, 227 171 —183.

Osborne B A, Cullen A, Jones P W, Campbell G J. Use of nitrogen by the Nostoc-Gunnera tinctoria ( Molina) Mirbel symbiosis. New Phytologist,
1992, 120 481 —487.

Li CY, Strzelezyk E. Belowground microbial processes underpin forest productivity. Phyton, 2000, 40 129 —134.

Patreze C M, Cordeiro L. Nitrogen-fixing and vesicular-arbuscular mycorrhizal symbioses in some tropical legume trees of tribe Mimoseae. Forest
Ecology and Management, 2004, 196 275 —285.

Requena N, Jimenez I, Toro M. Interaction between plant-growth-promoting rhizobacteria (PGPR) , arbuscular mycorrhizal fungi and Rhizobium
spp. in the rhizosphere of Anthyllis cytisoides, a model legume for revegetation in Mediterranean semi-arid ecosystems. New Phytologist, 1997,
136 667 —677.

Galloway J N, Dentener F J, Capone D G, Boyer E W, Howarth R W, Seitzinger S P, Asner G P, Cleveland C C, Green P A, Holland E A, Karl
D M, Michaels A F, Porter ] H,Townsend A R,V r smarty C J. Nitrogen cycles: past, present, and future. Biogeochemistry, 2004, 70 153 —
226.

Huston M A, Aarssen L W, Austin M P, Cade B S, Fridley J D, Gamier E, Grime J P,Hodgson J, Lauenroth W K, Thompson K, Vandermeer J H,
Wardle D A. No consistent effect of plant diversity on productivity. Science, 2000, 289 1255.

Deluca T H, Zackrisson O, Nilsson M, Sellstedt A. Quantifying nitrogen-fixtion in feather moss carpets of boreal forests. Nature, 2002, 419 917
—920.

Périnet P, Brouillette J G, Fortin J A, Lalonde M. Large scale inoculation of actinorhizal plants with Frankia. Plant and Seil, 1985, 87. 175
—183.

Eldridge D J, Greene R S B. Microbiotic soil crusts: a review of their roles in soil and ecological processes in the rangelands of Australia.
Australian Journal of Soil Research, 1994, 32. 389 —415.

Clarkson B R,Clarkson B D. Recent vegetation changes on Mount Tarawera, Rotorua, New Zealand. New Zealand Journal of Botany, 1955, 33,
339 —354.

Maron J L, Jeffries R L. Bush lupine mortality, altered resource availability, and alterative vegetative states. Ecology, 1999, 80: 443 —454.
Walker L R, Clarkson B D, Silvester W B, Clarkson B R. Colonization dynamics and facilitative impacts of a nitrogen-fixing shrub in primary
succession. Journal of Vegetation Science, 2003, 14(2) : 277 —290.

Clarkson B R, Walker L R, Clarkson B D, Silvester W B. Effect of Coriaria arborea on seed banks during primary succession on Mt. Tarawera, New
Zealand. Zealand. New Zealand Joumnal of Botany, 2002, 40 629 —638.

Graetz R D, Tongway D J. Influence of grazing management on vegetation, soil structure and nutrient distribution and the infiltration of applied

http ://www. ecologica. cn



2

RERE 4% AREDERMAESRE P RERTTEER 877

[39]
[40]
[41]
[42]
[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]
[52]

[53]

[54]

[55]
[56]

[57]

(58]

[59]

[60]

[61]

rainfall in a semi-arid chenopod shrubland. Australian Journal of Ecology, 1986, 11: 347 —60.

Adema E B, Van de Koppel J, Meijer H A J, Grootjans A P. Enhanced nitrogen loss may explain alternative stable states in dune slack succession.
Oikos, 2005, 109: 374 —386.

Bellingham P J, Walker L R, Wardle D A. Differential facilitation by a nitrogen-fixing shrub during primary succession influences relative
performance of canopy tree species. Journal of Ecology, 2001, 89: 861 —875.

Moral R, Rozzell L R. Long-term effects of Lupinus lepidus on vegetation dynamics at Mount St. Helens. Plant Ecology, 2005, 181 203 —215.
Walker L R, Chapin F S III. Interactions among processes controlling successional change. Oikos, 1987, 50: 131 —135.

Wardle D A, Greenfield L G. Release of mineral nitrogen from plant root nodules. Soil Bilology & Biochemistry, 1991, 23, 827 —832.
McQueen J C, Tozer W C, Clarkson B D. Consequences of alien N, -fixers on vegetation succession in New Zealand. In: Allen R B, Lee W G eds.
Biological invasions in New Zealand. Berlin Heidelberg: Springer-Verlag, 2006. 186.

Hickey B, Osborne B. Effect of Gunnera tinctoria ( Molina) Mirbel on semi-natural grassland habitats in the west of Ireland. In: Starfinger U,
Edwards K, Kowerik I, Williamson M, eds. Plant invasions: ecological mechanisms and human responses. Leidon: Backhuys Publishers, 1998.
195 —208.

Holmes P M, Cowling R M. The effects of invasion by Acacia saligna on the guild structure and regeneration capabilities of South African fynbos
shrublands. Journal of Ecology, 1997, 34 . 317 —332.

Williams P A, Norton D A, Nicholas ] M. Germination and seedling growth of an endangered native broom, Chordospartium muritai A. W. Purdie
(Fabaceae) , found in Marlborough, South Island, New Zealand. New Zealand Journal Botany, 1996, 34. 199 —204.

Brockwell J, Bottomley P J, Thies J E. Manipulation of rhizobia microflora for improving legume productivity and soil fertility: a critical
assessment. Plant and Soil, 1995,174; 143 —180.

Zou X, Binkley D, Caldwell B A. Effects of dinitrogen-fixing trees on phosphorus biogeochemical cycling in contrasting forests. Soil Science Society
of America Journal, 1995, 59, 1452 — 1458.

Houlton B Z, Wang Y P, Vitousek P M, Field C B. A unifying framework for dinitrogen fixation in the terrestrial biosphere. Nature, 2008, 454 .
327 —331.

Pastor J, Binkley D. Nitrogen fixation and the mass balances of carbon and nitrogen in ecosystems. Biogeochemistry, 1998, 43 63 —78.
Walley F, Fu G M, van Groenigen ] W, van Kessel C. Short-range spatial variability of nitrogen fixation by field-grown chickpea. Soil Science
Society America Journal, 2001, 65 1717 —1722.

Lépez-Hern ndez D, Santaella S, Chac n P. Contribution of nitrogen-fixing organisms to the N budget in Trachypogon savannas. European Journal
of Soil Biology, 2006, 42: 43 —50.

Yamanaka T, Akama A, Li C Y. Growth, nitrogen fixation and mineral acquisition of Alnus sieboldianna after inoculation of Frankia together with
Gigaspora margarita and Pseudomonas putida. Journal of Forest Research, 2005, 10: 21 —26.

Parker M A. Mutualism as a constraint on invasion success for legumes and rhizobia. Diversity and Distributions, 2001, 7 125 —136.

Uliassi D D, Ruess R. Limitations to symbiotic nitrogen fixation in primary succession on the Tannan River floodplain. Ecology, 2002, 83(1) : 88
—103.

Zimpfer ] F, McCarty B, Kaelke C M, Mulongwe L,Igual J] M,Smyth C A, Dawson J O. Casuarina cunninghamiana cladode extracts increase the
Frankia infectious capacity of a tropical soil. Symbiosis, 2002, 33 73 —90.

Reed S C, Seaatedt T R, Mann C M, Suding K N, Townsend A R, Cherwin K L. Phosphorus fertilization stimulates nitrogen fixation and increases
inorganic nitrogen concentrations in a restored prairie. Applied Soil Ecology, 2007, 36 238 —242.

Hartley A E, Schlesinger W H. Potential environmental controls on nitrogenase activity in biological crusts of the northern Chihuahuan Desert.
Journal of Arid Environment, 2002, 52 293 —304.

West J B, HilleRisLambers J, Lee T D, Hobbie S E,Reich P B. Legume species identity and soil nitrogen supply determine symbiotic nitrogen-
fixtion responses to elevated atmospheric [ CO, ]. New Phytologist, 2005, 167: 523 —530.

Hungate B A, Stilling P D, Dijkstra P, Johnson D W, Ketterer M E,Hymus G J,Hinkles C R,Drake B G. CO, elicits long-term decline in nitrogen
fixation. Science, 2004, 304 1291.

B EHk:

[11]
[21]

TR, O, B, R 544E. SARMEYI S LRSI BEIR . AR A4 ,2002,21(2) 147 ~52.
PR RS, AR, EHF, RSO TR T R X IR Y45 B A A8 2 B R TR FE sk . v | P 8E,2001,21(1) -4
~11.

http ://www. ecologica. cn



	02c66.pdf
	02c67.pdf
	02c68.pdf
	02c69.pdf
	02c70.pdf
	02c71.pdf
	02c72.pdf
	02c73.pdf
	02c74.pdf

