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EAMRE SRR L R R EBH 24

BB, T, TN
T R 2R 2B (P 2 B ), TR i PR 471023

WE: ARARTREMY R TET B LRBIRAE. IELEE. KR, T, TR ELEFSHRAENT A,
TR F R AR AR E REARTACAAE . H A ARG AR A ILRE A T AT IR F — 2o
RFHZIE, RZAFMBBEAGAER . KGN T F-5A8M = A AMZ MR EAE A IR a AP TR, TR AL AKX
ALY A AR A AR T, AR A FER MM AMEE SR £57. 456 2 AT T 4o, M AMEH AR
AFNHEAEET . KAMN ., RAERE. FEMEEIPRTHRGIERG, FREX. W EZRURRNE T EFHELEX
Bk, F) B A AT R AR A AME 09 £ BEMA A R K EF, BRERAATE A EFE . TEREOLEHTRELE
¥, AILFEA G MRS ET REEARERBNIGIRS, A0 ERRAHR AR, 7T At —FEANRRTAMESEA
SRR FA 7 A FA . AR E S THIL IR — R ILi A,

KRR AMEHEAAE A Bt RR TR IR, AMEA K A KB K

BT Al WIE IS N et Ay, B4
RENEGOR, i — RN [ BT T2,
HECO,MH, O A A WL H BRI O, It 72, BeAT]
M2 94 1E F (photosynthesis) . X —id F i &
REfE NAERS RAH R E IR L E 'Y, R
Jii 5 e DL IR L 7 AR U(Xu 2001). 6 T4
Y EERAEERES RGP EZN,
AR B R AENLER S LR 4 22 M A=
2 1 B LA AT AR —

HAR T, AR KRB ISR 23 2 Fh
A FER T s, T B R A R I R AR
Zr . HEEYCEEH AR T R EAREN
8 LR - A0 A1 5 ERL - PR A 5 T, AR P R L
YRR, HaRgE. . A
KE. SALEE. A SRR 52005, 3
FEZFEE2011; 2% 5 552013) DL A A 4R FAH OGS
M. TEHEARSE. ARSI RERETE;
AN 7 M AR G R B . S, KRS g
T RARCOIKEE . Kookt IR
(BT EEF2012; MTEAE2011; FHRMEE2014; 4
ET AT 145 2002) XSRS R 7RI B E S
YA AF IR AR I A B8 ] i N . 7E
B AE T, HEYOGEAE R I AR e 2 nT JH 45
FHEYAAEZERN M -, P EEZ T G
T B B R AT = A A A K B RO A
DI AERE N EE T TH . 20058 AN
PR A R PIE N H RIS . R R A i —Fh
HELR L G B AN FAIE 7520085 By Z1 M AR

#52008a, b). BAXINE, SAEWEIRES T XS AE
YIARLL, % —E R S, I e R
TR LEEHER. KORHRE. A
P52 B A I . Horh A ) B Ah
A AR, A O A R KT A R I
H GG AR BE L T R I R AR A AME T
& 1 (compensatory photosynthesis) (Nowak#ll
Caldwell 1984; Doescherfl1Jaindl 1997).
19844, NowakfICaldwell (1984) 1 IX#2
7 AMEMCEAE R BIMES, K U S5
A A= e R A L, B2 — e R
T 22 B (defoliation) Fpid (G, Fem DG &
WA I . Z )5, V25 1B F R
NREEATEL P AMETE A E R AR A2k
LA = A WL R4 T T IR AT 5T (Doescher Al Jaindl
1997; OzakiZ$2004; FHEALNZE2007; Wallace 1981;
Senock®$1991). SAVFZ AT TR, IR AN
E USRI 2B a2 S BUE Y AME Y
GYERILER I R A, HoAl — 280 5B 75 T 4 M 1R
EAEH R aFE B REE . KoE., HEFR
TR B 22 i R 2R A A2 ELAE (R 14452007
Chen%2001; Zhao%$2008). A —Lk2z4 it
AR ) 2 AR, 0 PG AR PO Al ZE AR
L1 I (Meyer 1998a; Li%E2012; Atkinson 1986).
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AR, EB B TR R A, IR A I A T Y 2 R (A
TE W) AN A AR A ) R B 42 o) i it (2 P b 48 Ak
B0, WpAMEERE) S, e S EUAE g5 R AR
K7 5 (NowakFfllCaldwell 1984).

AMEMCEAE A RAESRE. N
LR Y A B TR AR L —
AN B AR ) R, O X — I R A A AT DAHS B A
B ZRIRN T P58 R A 1 38 B A
s, Ayt — DB A 1) A A iE s R EE iR
XHE. M E, BNBDA RIS REYHME
PESGA AR I AH G E (A STE52007; 1145
2014), FrblA T BAFR AT 1 ARE I AMEE S
TERIL G, AT KM G AR IR R AR 5
FEAR S AR ALTR B DA B P9 ERATL I 55 £ B o) 3
VR AE R A FC e, DA N4 5t A
P EAE IR R AW IR LR 2%

1 FEIEMEX TEIMMEMEESIERNLZE

MIEMITE A K E, AMEMCE R B
KA S R S A R a3 B e &
AEAE D) IR 22 S B, A& . 2 05T
WL A BRSO EL S ek SRR
MaEpie. BARME%(Chenss2001). AR
AR VE A 22 5, Bl BRI w
Fregfly BBRm R L RRAERR AL E
ANFET0 . AR LR A A
(G BB I ) 2 (Meyer 1998a; Atkinson
1986; MorrisonfllReekie 1995; Fortini%$2003),
I, BT R B T EA R, AR AR
EICIR

Meyer (1998a). Li%(2012). Morrisonfll
Reekie (1995)%f t.3&— 1 i {6 (Solidago altissima)-
TN& e (Ipomoea cairica). H W5 (Oenothera
biennis) AT 1 73 B2 A5 2RI AR rh 25 AR X R X
FENRLFR . A H2s AR AT DL R S 2 T,
L rp e 1A LU B S A X AR K,
H2 W AR DG o ZR AT B W o, U H
FEAEALFR S R 2516 R A 5526 K (Meyer 1998a). 5
Meyer [ i AL BEAREL, Li%F(2012) % & | BB
BUNKIAAN AR B, o3 b RIS 0 AR A B, 2
R N25%], FEAR LA R IR, Hob &R
WG & +17%~72%, & R R E iR . Mor-

risonflIReekie (1995)7F /i & 1 5& Ak b, 5870
g 7 AL S Tm . Ho AL AT
PN, HYROEEERIFRA BEL. XL
IS 25 KRB, B ik R 2 2 G A RE
JIVL S AR DA R, G RIS ) 2R
W SFHEM T AAMEE S EER, HREEEMN X
MAZ S EAMEM A S, B2 FHEOLAE R
IR T X

H A, #6505 7L T A F AL BE T 2 A5 X
A A A AR F I 20, (RE A5 52 2 1) =2
CLAH 3 W S RO sk SE A& 1R
IR Rk . Li%E015)IWH iR M, KN
(RTECHOME T, ety Hhoi 25 SRR (%) L - T AR 3 o,
A ATVE YR . BB T S R AR B, AT
MHRIEDCERE ). BiEMTF 5 (Festuca idahoensis)
FEAG T A — Pl DR, S g A7 0] 1) 4 3 A 40
FE P I R I, A T A 1 0 i A
+10%~50%, 7 B R B 2 SR 2 A ME LA
EHRE 71, H 2 H FF 2Lk 3h 22 f(Doescher il
Jaindl 1997). LIRRIGIER, 7EAUCR b, *M2
PG G AE AR A AT B At — P 2 BT K TR
FAR AR HRIE AL o

e L B AR R A KR AEY), BR%
PRI S, — e 3 o I e e Ik AR 35 R AR KT
FEIEAT T 5 (Atkinson 1986; T FF££2014).,
FoPPEE(2014) N 21 3¢ 48 32 (Krascheninnikovia cer-
atoides)FF M EZ A FNIK 43 Az BRI I 110 i )97,
TR0 AL B IR B 7 v 10 em, HgE B oR, XE 5
RS AE ()1 OG AR AR R L1645, 38 2 A%
SR — I e e L R R A A DL )
AFp S P, FER F S 25 AR AT AL B, 4
R I R 354 = 5 BAA ORI B T RO A T
2R, T HERAR M R 30 & 1 2R 0 2 T e A
Y (Atkinson 1986). AHX T HoAt Ak 2 I 78 H1 Y
Fm R, X PR TR AT 2 B 06 A AR 7 ) A R
A, (R AR EIMSE R EREE. B,
AR LT b an E, AMEME A ER BT RE S
Fe 25 B 0075 5 RIEUE R OC RN %), T X
PR TIOR3 0 B S A, B A RS
()0 B AR AL W] et 52 3] 1 g AL gk A BAE I ) 1 T
AT FR) 5] o
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LY I AME S E R R, MR R
Wi f M3 1 A AE O AR I FR FE, ] et s L RF
LRI ). AE 2 IO IE ORI, JEA R LR
T LRI AEAMEMEC A AR, FEA R B,
LRI AR, B14n3. 7R122 d%%, T HRREE )
B 1) AR 2B B 98 B AN AH [F] (Ozaki%$2004; Detling
£51979). LAh, AMEHECEAEHIFA R KA G 1R
SATAE, e RIS LA, BV FReS:— Bt fa
JGEE AR IEH RS (Lyus2014).,
2 M EREARKREDEIERTET L

AR RIS M AR T B AN ], W DL e A
Yoy BRI R AR AT, ARAFEY) A L FEA
)& BA KEARTE 2 F A, BT AR
BRI AFAE, Il 52 X H) J5 O & 18 R 2 A A 1) A2
TR .

Ozaki%5(2004) 7t 1 AR AKEA) G S #1655 247
(Picea jezoensis) % [ — & 4 2F Ja IG5 B2 AR
o HELFARFRTS%N, 2R EHE R
XS IR 7 10%, SE57 R IR tH 2 14821%. A4,
AMEPECEAE IR 2 2 A BT OR KA
WiE s B — e W, AN (A Ao B B B )
FEBEREI RS A 2R, M TR FZERH 2
AR B R AR BN . — R B A PR AR A
MY Leandra lacunosa’y 7|45 2% 5 TOUHS 0 RG34 #
Jr, BEAE I (R RS, £ £ BRI, AR i)
JE S 7y 1 06 & T R A ] AR AL, H 2 LT
Rt S T AMEE A 1 H (Damascos R on-
quim 2005). — 62235 R < P IR B 10 Al R
AMEPE AR T RIALEL(FR A 9552007), JRTM Lk
AF SR S AR P LE R N Bl0Hr i P AR e R m A R
ENTEKY pincaityab L PSR N e S i)
G
3 HEERAURSHEARZRZEEAXTMENALE
3Fil:oAn

Jow e (Bos taurus). Hy(Equus caballus). =
(Caprinae) 5 RAFE B VESNY), i& & % RIE (Ectropis
oblique hypulina Wehrli) "W H (Chrysomelidea)®s
NFEE Y, RERRI T AL ST, T
Y BRI S B, #IR R
T Y ENZMHERZ AN THEDE, Y
BG-GB R B ZHEPER) . AntenfllAckerly

(2001)IN Ay 22t Ja e KOG A e i 5 DU R R &=
HRAR: KGRI F5R0 . RAPAE
MR ER IR . TR R R . SRR D
K e i, 2 (Nowak fllCaldwell 1984;
SenockZ$1991),

TERE AR I A S AR, o 2R AL
B AR B B E A B 5K, T A5 1AAE(2007) VE
WA EH125(2001). Meyer (1998b)ik$ 1 Hifr
PESH R ) A28 B R IR A B . 7EAS R
PR I KRR T 5 (Cleistogenes squarrosa)lf] G A fE
714352 B FEm, 5 1) K /N BT s s 4
e AN ORE Y A D) € X S AN IR NN 1= /S
Hh b A R T AN AR, R R
(IR AME PR AR K (EL B A BB IR 1S K, MR () b
3% 1 A KO R 55 (VE B R £ #252001) 0 A5
FOF A B WOR T RERR T EAME R A ER R
Az o oF AR A A E 5 AR SRR LI A . 45 i
A UM T A, FLB e ARk b s g et
AL A R 2 H o B ER T 17.7%8113.0%,
BB T B EAKCF(FHEE2007). Meyer (1998b)
KT A6 —H s e E = B R ECE a7
TR AR R R SRR T A AR A e
oo (EAATHREE PR E T A HE R R, A
DR BB TT DASE I A M A VR P R AEFR B,
T HH S P A S A R B B Y2 (Meyer 1998b).

H SRR EE AR A E 52 4 B M3 4
BT, AL Z 2K e F550 B 2 55 % Fh
IR 7Rl 2). Rk, 75 E 5 2 0 Re A
RMHZTHAEHEEEHEEAEN . Fortini%(2003)HF
FT T 530 S Ak T B A P RHE Y 404
(Miconia ciliata) ) Fr SRS sz 0, W5 250
DB BOR Az M F AR e A v, K& RE S
13 AP IR A o AEAZAE PR F ()T 1 2 fR
HATERE TR A JE R o 3% 3 90 R B Jti AE
VAN 1 3 A0 IR 3 58 B F R IR 6 A
JSLRF ST BH, A2 AR R 24 S IR T e A
AR, HE = FOL SRR M IR EAEER, X
A Ae SHEYIA B 1) A BRREVE G OC, (H A SE e A
TAMEM ARSI B B A K, &R
1B FH(Wallace 1981). Zhao%%(2008)ZE R 57 2F B
(Leymus chinensis)B 3E4T T FHALII AL EE, 20% A1) %]
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KPR SR B O S R R 2O TR, H 2K
IR Z N A B RO S AR AR AT AR FIR
TEXEVE BN, ol AR IR EUE 2 = A, 55
E 4L MR (Quercus rubra)#fi kA 1 e E T 5
Fo ARSI E AN, 56 20K AT DAYE R B I
B) ) v e A T 2R, 3 BH AR X1 B Ak B I v A AT
MV B 1 FH R A AR 82 (Lovett Fl Tobiessen
1993). LA HEWT, AMEPEGE - KA S
SR ] S5 HEY) )8 TR VIAH G . 38 52 A |
FIFERA T m LA HE R, (H SRR, Bk
KA A FRAR T O E AR A R, T K R MIX)
FN B 2 FAT B K 0G5 I . (Zhaod52008) . H
UG H, B2 BRI B A AME D S,
A DL — e REE B G2 AR K o3 ik F 7= A2 i AR 52
i (Paezf1Gonzalez 1995).

BRI, 36 B (R X1 v DA BERE A (1) 0 G 2 4
I, BORKEY R AEAMENE B ER . FRAIRDL. 7K
Iy A SN EI AT BE R A T A AR, S5 3|
TEYAMENE A A FTREE, T ELX A o] B2
P EANT B, FRATTAS BB 52 1) 280 5 58 4 1 73 B9
F¥, PRI R it — 20 1 B T 2 10 2 A RO R SR 5
IR . 2R BATIR, FERE ST 2 AN EE R 3K
TR & 7R 4 F K 4y 2648, T HBG AR 7 Anten Al
Ackerly (200D, Ui B FEAMEMSEE/ER E
Afg fa F it R PR T — A 2 BRI R
4 BEEVENRTEFHTHNMESEEER
T

— P AR EE 5 — AR LA B TR SRR
P AT BT LUAE AR, XA AR 7 SRR N B
Ao BRI HEGFEAEDHLSRE b, @E e he
Bt B AE B BOR E S . 1qbalZF(2012) % T
AR AL A B (Acacia pycnantha) I 1) 4 /Mg
(Trichilo- gaster signiventris)%}] 1% 15 T A58
(RIS, 524 2% A R %) ' G ek 26 5 5 I (1] (1) 4
B 5 Xt BL(P=0.006), 1y HL 22 5 3% B 2 2K
Vo AR S/ NS 7R AR IX AR B, 00F
K HHEE, RS R AF AL S —HoEle b,
W RFELREIA 1 321D & s ZE (Meyer 1992). 1 H.
AN [ 1R B A2 ) OO A 32 0 B T 2R 1R s e R A7 AE
75, X AT RE 5 4 st B AR e AR SR o
W W DA K & T 38 RS OGS

5 IGIEHIE R I E R AME L S 1ER

W T4 fl T T e A Y & I R AR AR S
AMEMEE A RS, 3 o E N R
5. =AM DL B A a A . Nowak Al
Caldwell (1984)i£47 | Vb A UK (Agropyron deser-
torum) M FE{AF] VYK F (Agropyron sibiricum) 50%
A Ab 3 5 1 B A AME PO A A RS, A5 IR
SR, 2MEY) A BE B IO A TR I %
FIA) ) b B R S 3 5, 36 B AR BT AR 4 i T 2
PP A TAMEEICEER . BT BN
BENLAZ AL, FEYREEAT 1 3 B4 R B DL R A2 4,
X B 5] B AR A PR AR, i H S At
WEFUAH L, FE 37 A 6 S5 A T Y AMEMDS L&
MBI E N T = NSRS, XATRERH T
T B B A 1A AE A SR AT Ak e 4k B 4 ], T L
R K TR = AR T AME D A AR
MR RERRE. Wik, BFRZ MR SRR
(9, A7) anAS A 1A P B e — B ) R e A R
A5 f,(Wallace 1981). {HSenockZ5(1991)7E Bf 4 idk
AT B A e, Rkl THEYE. T
Mitto hir - AR, HAR R R, iR
DU B TR AN 24 1T RE 2 LR A B ME PR A T 2
AR Ak, R A 0 G 28 52 I XU A 4K I A7
FER BB (VF K 41997 321585 252008), HAR
A ELA I PRI Sh A
6 EYIFEAMEE A EIERANES

FEARZ WA I 1AM A AR IR
FEAE, B AT E B A A A & — Pt A
I8 38 S 7 A IR RN R AN R I R
A PN (OzakiZE2004) . X SeH) A0 45 vk .
PESLY T B N | =S 5 0 LN T (N2 AN 1IN
HIWE, FR R, R 2, EET
PRy fERS TR BAEAHRESE, &N iEe Rt
BHEEAT AL FRAS [F], 35 GO A s Z 38 a8 1) R A
F(A] . ARAEFRRE . RFSR B & B 2% 55 (Nowak Al
Caldwell 1984; DoescherflJaindl 1997; Ozaki%:
2004; F55A4%£2007; Meyer 1998a, 1998b; Li%%
2012; £FF%52014; MorrisonflIReekie 1995; V£ iF
SFAIFEHEZE 2001; LovettFlTobiessen 1993; Igbal%
2012; MeyerflIWhitlow 1992). 4R, Bf#i7E 4%
MR AMEME S EAER IR CE W R, AR




RS A e B A 0 e A A o R 2 B AL 2 A 1815

W BTA 4R A7 7E L 25 I R (Ryle flPowell
1975), FUAREAN M AESE . LIRSS B A
MR, MEZ TR ARE 22 . i, AERCRIE
F i (Asclepias syriaca) FiHui(Gossypium hirsu-
tum)~ HCHR A Wi¥R(Quercus pyrenaica). Y6kZ
(Panicum coloratum)553iX e p b 3% A K I AME
M6 A E B 4 (Delaney%5$2008; Wallace 1981).
TE AU 5 ] 55 52 21 B BB AN f5, %)
HECET I AT AR A A I A PR G A T
2710%, {H2 B ER GG E BRI IR
FERTAMERRSE, SEAZ i Y G & E AT
AEH ] T (Delaney%$2008; Wallace 1981), H#R
AT O R 22 1 8 52 WH g K 356 R (Mal-
acosoma neustrium) P HUE, {H 25X AH L OB A
THRIRAEA B3 b (Nowak AllCaldwell 1984).
7 HEPAMEME S EVER LIRS 5 4
ETOUEERERER KT A2, KT
YAMEYE G SV R AENLE AT A R AR 56T
Jt, HATMASG —. AiEER U, W57 0 ek
A SR KA BT, T HAaZI R 5 42
M R, RN RS PSR A BN,
1B HK 73 R FH 0% A 2215 31 2% (Nowak Ml Cald-
well 1984; SenockZ:1991), —SLfff Ll E T K&
HEsH, A e 5ARBEE, RAFE. H
FoKF L KR Z5, a5 1R, My i)
Mt BT 4 't 5 R T AL 3 B A AR A KA
o8 55 X052 BLAE FH T 78 M 18 AN 320 1) s S A
AR B SEMR, H i Py oK 358 [, 3% 72 o T Bt ot
K 3 S5 A 2 T E 52 R -1 (Damascos AlIRonquim
2005; PaezFl1Gonzalez 1995; Fernando%$2009), X
1M, Kolb%5(1999) AR WL AL, AR M
HeEEH IS LR EE VIR, B
FLF AT ELKG I [R] CO, iy ah i, AR Tt &k
EiEE. WAWIRER, EARKTHE S, 75
Bl A 2 I A 3 AT DL eSO A A A P <D
Z GG TR, 25 AL 3 S AR A R A A A
a1 RS EY ALK, IF H AV &5 B A T
Hhy 55y, R R AR B s R ME S AR K
A (AT BEME(IgbalZ52012; Fernando?52009; Retuerto
££2006). 1EAMELE BRI PR, X FI A3
V2RI AMEIE G A 1w S, o B R

Hhne ¥ E 2, e RENTEH AR
B HA KRR, XK LG B3 EZR H
Fr B8Ok i#AT & i(Fernando%52009; Kolb%51999; ¥
HF4£2016),

H T CA B 0 Ay, 782 8O0 ) ik
P )R b R IR R R B A A I, A K
MR, Y77 A, E SRR .
FrRIAMEME S A E R, @ E T R
B, RS EMNAE M E A S B 05 (Briske 55
1994). 58 IR, 3x £ Jii AR 4435 5 R DR A 3Rk
WY, HRIE 2 /DA 7 1) 3% 24k, B
miRNAE, G55 T, SURgifeE. AR5
RIE R T2 55 (Chend2009) . 7 — Tk
FOE— BRI, Frt Z R G E R A LeSUT
[Rl IR I (Sus2013)

8 BRESRE

KEH RAME I E1E R BB TR B,
PEOE G AF F I A & A8 a5 b B 5 S R AR, Gl
28 ik — B[R] A IO, IX B[R] K 4 S5 1 )
) AN 2 1 R BB D) oG . (RN, AE A AR
PG E AR R AR B 32 31 19 N 40 PR Fh R 2R 52 e,
56E1F R sz K1 A A [F] .

PAFE 22 W FE oot T AME PG AR B E L
TN AL, ATOREER IR A LT R, L
Ja A RE RO AN, KRR FEEA R =
R (D) ZEMAZ MDA AR R AT R4,
flin, har e, Ko ia., LIRS ERRE R
EEASE SR (B RPN IE S R st S Y A
I, RMEPE A AR R A SR A T e 2B 2
PR RS G Q)Y 2 FH AW AN EE
FHIEE, I8 G s 2 AR, 43706 A 25 i
Ja BBk EHEY AN L B Bl
A By BREYSE, HEEH O
ARG A E NEY I T AMEE B AE
Mo A FtTa 2R R8OGG 3 3G = A 1 #h
EMOLAEER, &2 BRI A T M
PECEAEH? Q)X TS24 6 & 3 258 I () i
B ey 5o, 50 b B S AR 2 R E RIS
HAREIE IR T AMEE AR, 1824
A EE NS —EEE, WNEY LR 1 AME
M EER .
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SRR, S R A S SCRTTE ST AR Y, 7
SRR TR FEA B 1, 2 AW FERRIE Z (8] 2% A
AR, AU RE S . AT EALERTH A
St b, gt DB ARAMETE SN, ALK
B A R AR B, P R — A
e HE L. WHIRAE LK, BAAARER
Yok AT R, SFRA AT EY ST
AW T B IR R P AME S 1EH
BRI R AR S R AL

Sk

Anten NPR, Ackerly DD (2001). Canopy-level photosynthetic com-
pensation after defoliation in a tropical understorey palm. Funct
Ecol, 15 (2): 252262

Atkinson CJ (1986). The effect of clipping on net photosynthesis and
dark respiration rates of plants from an upland grassland, with
reference to carbon partitioning in festuca ovina. Ann Bot-Lon-
don, 58 (1): 61-72

Briske DD, Richards JH, Vavra M, Laycock WA, Pieper RD (1994).
Physiological responses of individual plants to grazing: current
status and ecological significance. In: Vavra M, Laycock WA,
Peiper RD (eds). Ecological Implications of Herbivory in the
West. York Street Denver, CO: Society for Range Management,
147-176

Chen SY, Li XQ, Zhao AG, Wang LJ, Li XF, Shi QY, Chen M, Guo J,
Zhang JC, Qi DM, et al (2009). Genes and pathways induced in
early response to defoliation in rice seedlings. Curr Issues Mol
Biol, 11 (2): 81-100

Chen Z, Kolb TE, Clancy KM (2001). Mechanisms of douglas-fir
resistance to western spruce budworm defoliation: bud burst
phenology, photosynthetic compensation and growth rate. Tree
Physiol, 21 (16): 1159-1169

Damascos MA, Ronquim CC, Prado CHBA (2005). Gas exchange
and plant growth after defoliation on Leandra lacunosa, a cer-
rado woody species with continuous leaf production. Braz Arch
Biol Techn, 48 (6): 967-974

Delaney KJ, Haile FJ, Peterson RKD, Higley LG (2008). Impairment
of leaf photosynthesis after insect herbivory or mechanical injury
on common milkweed, Asclepias syriaca. Environ Entomol, 37
(5): 1332-1343

Detling JK, Dyer MI, Winn DT (1979). Net photosynthesis, root res-
piration, and regrowth of Bouteloua gracilis following simulated
grazing. Oecologia, 41 (2): 127-134

Doescher PS, Svejcar TJ, Jaindl RG (1997). Gas exchange of Idaho
fescue in response to defoliation and grazing history. J Range
Manage, 50 (3): 285-289

Fernando S, Marina F, Sonia M, Alfonso E (2009). Effects of simu-
lated herbivory on photosynthesis and N resorption efficiency in
Quercus pyrenaica Willd. saplings. Trees, 22 (6): 785-793

Fortini LB, Mulkey SS, Zarin DJ, Vasconcelos SS, Carvalho CJRD
(2003). Drought constraints on leaf gas exchange by Miconia

ciliata (Melastomataceae) in the understory of an eastern Ama-
zonian regrowth forest stand. Am J Bot, 90 (7): 10641070

Igbal N, Masood A, Khan NA (2012). Analyzing the significance of
defoliation in growth, photosynthetic compensation and source-
sink relations. Photosynthetica, 50 (2): 161-170

Jin ZX, Ke SS (2002). The photosynthetic characteristics of the main
species of the Heptacodium miconioides community in Tiantai
Mountain of Zhejiang Province, China. Acta Ecol Sin, 22 (10):
1645-1652 (in Chinese with English abstract) [4xJUl3r, 2
(2002). WHLR & LL-LFAEREVE F 2P I ERE. £
A%, 22 (10): 1645-1652]

Ke X, LiJY, Li XY, Wu CF, Xu CH, Jin Y, Gong M (2011). Effects of
different light quality on growth and photosynthesis of tobacco
(Nicotiana tabacum L.) leaves. Plant Biol J, 47 (5): 512-520 (in
Chinese with English abstract) [f1]2%, 2228, 2= [, BF&T5,
IR, B, 22 2011). ARG B I A K SO S
1F FH RS . R AE B 2441, 47 (5): 512-520]

Kolb TE, Dodds KA, Clancy KM (1999). Effect of western spruce
budworm defoliation on the physiology and growth of potted
douglas-fir seedlings. Forest Sci, 45 (2): 280-291

Li WH, Tian XS, Luo JN, Dai YH, Peng CL (2012). Effects of sim-
ulated defoliation on growth and photosynthetic characteristics
of an invasive liana, [pomoea cairica (Convolvulaceae). Invas
Plant Sci Mana, 5 (2): 282-289

Li XL, Wu ZN, Liu ZY, Hou XY, Badgery W, Guo HQ, Zhao QS, Hu
NN, Duan JJ, Ren WB (2015). Contrasting effects of long-term
grazing and clipping on plant morphological plasticity: evidence
from a rhizomatous grass. PLoS One, 10 (10): 1-19

Li Y, Peng SB, Huang JL, Xiong DL, Liu X (2013). Components
and magnitude of mesophyll conductance and its responses to
environmental variations. Plant Biol J, 49 (11): 1143-1154 (in
Chinese with English abstract) [Z2 5, 52/ 1%, i LK, REMRIE,
XUBE2013). IS RERIAL R /s K S BRI PR 22 F W .
T A H 24, 49 (11): 1143-1154]

Lin WH (1998). Response of photosynthesis to elevated atmospheric
CO,. Acta Ecol Sin, 18 (05): 83-92 (in Chinese with English ab-
stract) [FR1152:(1998). R4 GE 1 X R COLMK EETH i I
N AE AR, 18 (05): 83-92]

Lovett GM, Tobiessen P (1993). Carbon and nitrogen assimilation in
red oaks (Quercus rubra L.) subject to defoliation and nitrogen
stress. Tree Physiol, 12 (3): 259-269

Lv JH, Wang X, Feng YM, Li YF, Zhao HX, Wang Y (2012). Effects
of shading on the photosynthetic characteristics and anatomical
structure of Trollius chinensis Bunge. Acta Ecol Sin, 32 (19):
6033-6043 (in Chinese with English abstract) [ & & 2, £ %, %
MRS, BALLES, EHR(2012). MRS G A SARFE AT A
FIRFIER M. AR A2, 32 (19): 6033-6043]

Lyu CB, Yang WIJ, Li KT (2014). Partial defoliation and runner re-
moval affect runnering, fruiting, leaf photosynthesis and root
growth in ‘Toyonoka’ strawberries for subtropical winter produc-
tion. Hortic Environ Biote, 55 (5): 372-379

Ma HB, Xie YZ (2008a). Study on plant compensatory growth under
different grazing ways in desert steppe. Acta Agric Boreal-Occi-
dent Sin, 17 (01): 211-215 (in Chinese with English abstract) [ 5




RS A e B A 0 e A A o R 2 B AL 2 A 1817

ZIM, 1R AE(2008a). AN RIS 5 2 58 B B SR A R 1
AR PUARAR ML AR, 17 (01): 211-215]

Ma HB, Xie YZ (2008b). Plant compensatory growth under differ-
ent grazing intensities in desert steppe. Sci Agric Sin, 41 (11):
3645-3650 (in Chinese with English abstract) [ 24, ¥ i
(2008b). A [F U 5 R S B B SR A AN AR L
AV, 41 (11): 3645-3650]

Meyer GA (1998a). Pattern of defoliation and its effect on photosyn-
thesis and growth of Goldenrod. Funct Ecol, 12 (2): 270-279

Meyer GA (1998b). Mechanisms promoting recovery from defoliation
in goldenrod (Solidago altissima). Can J Bot, 76 (3): 450-459

Meyer GA, Whitlow TH (1992). Effects of leaf and sap feeding in-
sects on photosynthetic rates of goldenrod. Oecologia, 92 (92):
480489

Morrison KD, Reekie EG (1995). Pattern of defoliation and its effect
on photosynthetic capacity in Oenothera biennis. J Ecol, 83 (5):
759-767

Nowak RS, Caldwell MM (1984). A test of compensatory photosyn-
thesis in the field: Implications for herbivory tolerance. Oecolo-
gia, 61 (3): 311-318

Ozaki K, Saito H, Yamamuro K (2004). Compensatory photosynthesis
as a response to partial debudding in ezo spruce, Picea jezoensis
seedlings. Ecol Res, 19 (2): 225-231

Paez A, Gonzalez MEO (1995). Water stress and clipping manage-
ment effects on guineagrass: II. photosynthesis and water rela-
tions. Agron J, 87 (4): 706711

Peng WX, Wang KL, Song TQ, Zeng FP, Wang JR, Xiao KC (2008).
Effects of fertilization applications on tea (Camellia sinensis
(L.) Kuntze) photosynthesis and the diurnal variation of the
eco-physiological factors. Acta Ecol Sin, 28 (1): 84-91 (in Chi-
nese with English abstract) [0 85, F Ak, KREE, &EF,
FAGE, HFLEE(2008). Jiti BE45 44X F5 W (Camellia sinensis (L.)
Kuntze) 't &1 F S 3L A A A BRR T H ARG IS, A 24541,
28 (1): 84-91]

Retuerto R, Fernandezlema B, Obeso JR (2006). Changes in photo-
chemical efficiency in response to herbivory and experimental
defoliation in the dioecious tree llex aquifolium. Int J Plant Sci,
167 (2): 279-289

Ryle GJA, Powell CE (1975). Defoliation and regrowth in the gram-
inaceous plant: the role of current assimilate. Ann Bot-London,
39 (2):297-310

Senock RS, Sisson WB, Donart GB (1991). Compensatory photosyn-
thesis of Sporobolus flexuosus (Thurb.) Rydb. following simulat-
ed herbivory in the Northern Chihuahuan Desert. Bot Gaz, 152
(3): 275281

Sun GL, Xu M, Li J, Mei C (2013). Study on characteristics of net
photosynthetic rate of two kinds of tree shape and impact factors
in Korla fragrant pear. Acta Ecol Sin, 33 (18): 5565-5573 (in
Chinese with English abstract) [FMENN, 1438, 2258, #3)(2013).
AL IPIR T & R RIE SR R 2R A2 544, 33 (18):
5565-5573]

Su M, Li XX, Li XF, Cheng LQ, Qi DM, Chen SY, Liu GS (2013).
Molecular characterization and defoliation-induced expression
of a sucrose transporter LcSUT! gene in sheep grass (Leymus

chinensis). Plant Mol Biol, 31 (5): 1184-1191

Wallace LL (1981). Growth, morphology and gas exchange of my-
corrhizal and nonmycorrhizal Panicum coloratum L., a C, grass
species, under different clipping and fertilization regimes. Oeco-
logia, 49 (2): 272-278

Wang PP, Yang L, Chen YQ, Song BY, Dan MC (2014). The impacts
of mowing on photosynthesis and water physiological conditions
of Ceratoides lateens. Chin J Grassland, 36 (04): 85-91 (in Chi-
nese with English abstract) [ °FF, #ih, MR, REEE, %
TREF(2014). XIFINJELRAG G Sk o3 AR BRI RS2 M. o
HHbAEHR, 36 (04): 85-91]

Wang SP, Wang YF (2001). Study on over-compensation growth of
Cleistogenes squarrosa population in Inner Mongolia Steppe.
Bull Bot, 43 (4): 413-418 (in Chinese with English abstract) [V
R, EHITF(2001). ASFICR A TR T TR A AR K
HIRTFE. R AR, 43 (04): 413-418]

Wang ZX, Chen L, Ai J, Liu YX, He W, Xu PL, Qin HY, Zhao Y
(2014). Effects of different drought stress on photosynthesis and
activity of photosystem II in leaves of amur grape (Vitis amuren-
sis). Plant Physiol J, 50 (8): 1171-1176 (in Chinese with English
abstract) [EHRD%, BRRN, SC%&, XD, fh, (REGE, R4,
BF(2014). A2 L & 16V A R SIS
PRSI IR B AR, 50 (8): 1171-1176]

Wei CL, Tong X, Gao XF, Jiang CJ (2007). Compensatory photosyn-
thesis physiology of tea plant for herbivory by Ectropis oblique.
J Anhui Agric Univ, 34 (03): 355-359 (in Chinese with English
abstract) [FiFA%, #4%E, W& A, TLER(2007). Zemx 7t F
BT & F I AME DA AR R NI 7T 22 el K5 54, 34
(03): 355-359]

Wei YF, Fang J, Zhao XY, Li SG (2011). Eco-physiological traits of
different-age needles of Pinus sylvestris var. mongolica plan-
tation in Horqin sandy land of China. J Plant Ecol, 35 (12):
1271-1280 (in Chinese with English abstract) [BiHEZ5, J5 4%, #X
5, FRETI2011). BHURIDT HIRE F 8 N TARAS AR 4 2 it
AEPRAE SRR, M AE S AR, 35 (12): 1271-1280]

Xing Q, Shuang Q, Jin Y, Song M (2004). Studies on matter dynamics
and plant compensatory growth under different grazing systems
meadow steppe. Chin J Grassland, 26 (5): 274-277 (in Chinese
with English abstract) [T, X{ 4z, 47, FATEF(2004). B4 5 5
AN R TS BEHEVE P BB A MAEYAMATE A KA 7.
=447, 26 (5): 274-277]

Xu DQ (1997). The “nap” phenomenon of photosynthesis. Plant
Physiol Commun, (6): 466—467 (in Chinese) [¥F K42(1997). )6
B VBT HE L. FEA)AE BE2E I, (6): 466-467]

Xu DQ (2001). Progress in photosynthesis research: from molecular
mechanism to green revolution. Acta Phytophysiol Sin, 27 (2):
97-108

Xu SP, Wang F, Ye QS (2016). Interactive effects of elevated CO,
and two nitrogen levels supply on photosynthetic physiology
and plant growth in Gerbera jamesonii. Plant Physiol J, 52 (4):
533-542 (in Chinese with English abstract) [¥fH1°F, £ 75, M-k
4(2016). COLNNE 5 PPN KT 9048 6 A A B e A
KB RS, A L4, 52 (4): 533-542]

Zhang QY, Li FD, Liu MY (2005). Changing laws of chlorophyll




1818 TP L PR

content and photosynthetic rate in winter wheat leaves. Chin J clipping defoliation in Leymus chinensis (Poaceae) under nutri-

Eco-Agric, 13 (03): 95-98 (in Chinese with English abstract) ent addition and water deficiency conditions. Plant Ecol, 196 (1):

[RAKFE, RAR, RFH(2005). & /N Jy 43R 5 & 85-99

J A AR A g, E AR A RO R, 13 (03): Zhao W, Wang ZH (2008). Compensatory growth of plants. Bull Biol,

95-98] 43 (03): 12-13 (in Chinese) [4/&, FHE7(2008). fEYIHIFME
Zhao W, Chen SP, Lin GH (2008). Compensatory growth responses to PEAK. AEWEE TR, 43 (03): 12-13]

The occurrence patterns and physiological mechanism analysis of plant com-

pensatory photosynthesis

ZHAO Wei', LI Ya-Ge, WANG Yan-Jie
College of Agriculture (College of Peony), Henan University of Science and Technology, Luoyang, Henan 471023, China

Abstract: The photosynthetic process of green plants in nature is often influenced by various ecological factors
such as light intensity, environmental temperature, water status, leaf age and chlorophyll content, which can de-
termine the plant’s photosynthetic rate, intensity and variation tendency. A special phenomenon of photosyn-
thetic fluctuation often occurs when plants were subjected to some external disturbances such as grazing and
defoliation, which is defined as compensatory photosynthesis. This paper summarized several disturbance pat-
terns that induced the occurrence of plant compensatory photosynthesis, changes of photosynthetic process un-
der different treatment patterns, and the difference of compensatory photosynthesis in various plants life-forms.
The important conclusion that previous studies have proved is that the occurrence or not and occurrence time,
degree, duration of plant compensatory photosynthesis have a significant relationship with external disturbance
levels, disturbance patterns, species variation and measured methods. Equally important, the physiological
mechanisms of photosynthetic compensation have a great difference in different plant species and the richness
of leaf nitrogen content, enlargement of soluble protein and chlorophyll content, increase of stomatal conduc-
tance, change of material distribution mode and enhancement of nutrient absorption were demonstrated in many
related studies. A comprehensive review about this study can help us to establish a theoretical foundation for
further investigating the occurrence conditions and finding out the physiological or molecular mechanisms of
compensatory photosynthesis in plants.

Key words: compensatory photosynthesis; disturbance pattern of defoliation; simulated grazing; compensatory
growth; ecological adaptability
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