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Effects of Girdling on Senescence of Citrus Leaf
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Abstract: The 3-year-old ‘Anliu’ orange (Citrus sinensis Osbeck) grafted on Honglimeng ( Citrus
limonia Osbeck) was used as experimental material to study the effect of girdling on photosynthetic
property and reactive oxygen metabolism of Citrus leaves. The results showed that ringing and sprial
girdling decreased the chlorophyll relative content (SPAD), net photosynthetic rate (P,), transpiration rate

(T, stomatal conductance ( G) and intercellular CO, concentration (C;) of leaves with different degrees
after 30-day treatment. Girdling treatment had a long-term impact on leaf SPAD and P,. The activities of
antioxidant enzymes (SOD, POD and CAT) in leaves were improved after ringing and girdling. The
antioxidant compounds (GSH and AsA) contents in leaves were significantly decreased at 30 d after
treatment, then began rising to a peak and returned to a normal state slowly at last. The malondialdehyde

(MDA) content was increased in all treatments, which was significantly increased compared with the

control by ringing twice and girdling. These data showed that ringing and girdling in early stage affected
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photosynthetic metabolism of citrus leaves, and caused a series of antioxidation reaction and accumulation
of reactive oxygen species in citrus leaves.

Keywords: citrus; girdling; photosynthesis; reactive oxygen

PRI RS P R KR B T B BRI E R (RO 3™ DL A
P S U A AR, CAE Rt FSEE N2 M (Khandaker et al., 2011), i
Ji B 2 B I U W RS B 2 T B A R, BT (R AR & ) R S 1) R sy, AN 2R Ak
TEREIFNEA R 1T EJ7FE (Chen et al., 20100 FJHIEFIFRFE AR P RAA ALK, 0] A BB
Az 7 R Rt A2 A R R ) SR SRR B IRV o V22 SR RIEFEN G206 IR SRR ER R
WA BN BT T AR R, LEEPEMTE (R3] 4%, 2009; Yangetal., 2013). %
A OCIKROKAR %, 2013). ZA% (BREF 46, 2010; SEflF 4%, 2013). JeiR GGRSCWI %5, 2012)
SRR L, HASSEIARIRIER FOR AR ARG L SRS 5 b i T 5 M (SR 2R 1] 4%, 2009; Rivas et al.,
2015), XA PERE LA PR AEHE m BE TR D o BREIFIIR JI0 A 14 2 4 S 80 3,
1t (Dai & Dong, 2011; Tang et al., 2015), AbTAFIH) AR IRET A B 3048 55 AR AS R b AT
IRV ASRIG P DL 3 AR AL BAL IR RO A, LSRRI RIER R 5 i) AR
B, I3 BTG PR FIFIIR R AL B 5 -y (106 A e RE BT RGN, T AR RIRIER 315 R
B, IR RN AR B R AR AR 2 A PR R R R S %

QY VR SRS DARES

1.1 REMR5EIT

2015 4 3 H 29 HF 4 H 15 HEER R K22 Z 2B R lw % 3 G2 (Citrus limonia
Osbeck) fifi ‘H5HIFE" (Citrus sinensis Osbeck ‘Anliu’) ZAM =T 0 BIHEATIAEIFIA R LT, % 4
AKEE, 3 EAE T R, BRI 2 (15 d JEIAEIEE 2 B BREERAR] 1 R R 2.5 mm) BAK
AT LB AR BEAN AR EE 10 BB, SRR, 3L 40 BEF. 2015 4F 4 7 29 HilZ % 30 d b
FRB b b BB AR T 3 ~ 4 AL 10 Ky, SERIBON DR AR 5256 5, 208K ph e 48, W
O G IRATAE - 80 CUKARHL, FH-T-HI MR A I € o
1.2 MEFE
1.2.1 #HAERKREHNE

2016 7F 10 J1 8 H (RKAHZFARD) et SRR IR . K2 AL Pt 2.
122 KAF8iFn

20154F 4 26 H.6 H26 H.8 H26 HF 10 H 26 H 4 9:00—11: 30 KRG B H LI-6400
B4 (LI-COR Inc, Lincoln, USA) HEATEAHIRARIIE . REANARERIE 5 PR, EHURRY b5 i
MR e Gidi% (P &SR (T, JALTE (G MM COy #E (C). 2015 4 4 H
26 i, % 30d H SPAD-502Plus {IE 1 kit Fy & = A0 5 (SPAD).
1.2.3  BgE b

FUAA BRI : FREUH 7 0.5 g, N4 K 0.05 mol - L pH 7.8 BEERZEMK 5 mL (7 1% PVP)
WFEE, UK LJSCE 1h, 4 ‘CF 10000 x g B0 20 min, 35 000 5 B 1 o
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SOD ¥ P e SR FH A W VUM, POD i& M e R @AIRM V5, CAT PRl e S a5 4
(20000 13k
124 ALY F A= MDA &= 690 &

PUAAY TR BUIEBE AP AN 5 mL 5% =& 4/, BEAI3E, 4 °C 10 000% g 2.0
15 min, FISWEARS 5mL, 1T GSH Al AsA & .

B IEH IR (GSHD 5 52 (1l 5 2 JE R E R £ LAZE (1990 (7 VRS & 2. X 0.2 mL $2HGH,
BN 100 mmol - L™ BRZEmK (pH 7.7) 2.6 mL, JE-A 5 FIIA 0.2 mL DTNB i ( AiACHY 4
2, 75.3 mg DTNB %1 30 mL 100 mmol - L™ B§BRZ2 W, pH 6.8), LUINBEERZE L E DTNB
WAER E, #5, T30 CHRIES min, RJEIE 412 nm 3K NROGRIE. L GSH 1EFR#ERD
2, 45 GSH & &.

PURIMAR (AsA) & &/ 5E 2 I Nakano Fl Asada (1981) (772, 0.4 mL $2BUK S 0.2 mL 150
mmol - L' NaH,PO, (pH 7.7) V&, WIKIA 10% =5 4 0.4 mL 44%M 0.4 mL. 4% 2,2 - Bk
e (70%ZEEH#) 0.4 mL. 3% FeCl; 0.2 mL, 2415 37 CLAE 1 h, WI5E 525 nm 3 K0
FeAH. AR AsA ARy 2R THAFE S AsA .

MDA & & [ 2 R CE L 2R (TBA) 5 (Sudhakar et al., 2001) B&AEEh. $EEUT 7% H
CAT. SOD 1 POD, 2 mL $2HUEH NN 0.67% i RELLLZR (/b NaOH #Hifa FH 5% =% &
PRV ZOW 2 mL, B N /K3 2200 10 ~ 15 minC FIRE R N TR,
B AL, 10000 x g FEL 15 min, LA 0.6%TBA WA 2, J5E 5324 600 F1 450 nm Ab[1)
WIGTE . V5 MDA WKJE (umol - L) AL F P ff) MDA &8 (umol - g FW).

1.3 HEESHSRI

F A E i 2% ] SPSS 18.0 8- HH TS0t M, 22 Ab 3 A 22 5% JH Duncan’s 3 AR 2R, I
T ZE S EEESHT (P < 0.05),

2 R

2.1 EREIFOIRRI AT HAEFTAE K B9S2

Wk 1 FioR, IREFIIR ARG RORS A8 K s M 25, AN 5 AKORS 1170 508 RO 8 L ok B 4 1)
KT 45.7%F1 15.2%, FRE] 1 AL BRI RRS K B2 LR BRI T 29.9% 0 IX R BHFRE] . R4 b4 1) 2F
KAArgg, SRS,

=1 IREFIRH B E R

Table 1 The effect of girdling and ringing on the growth of Citrus autumn shoots

- FRAS T2 )7 % RSO B /mm

b3 R H .

Average number of leaves Length of autumn Diameter of autumn
Treatment Number of autumn shoot .

in autumn shoot shoot shoot
L Control 28.00+3.81b 8.85+0.98a 15.62+1.50b 3.29+0.08b
H#] 1] Ringing once 21.00 + 3.65 ab 7.55+0.76 a 10.95+0.98 a 3.08+0.07 ab
FRE| 2 X Ringing twice 21.40 +4.06 ab 925+0.76 a 13.29£1.79 ab 3.11+0.09 ab
IR Sprial girdling 1520+3.12a 8.15+0.35a 11.35+1.26 ab 2.79+0.15a

T ANRNGFERERRIE P < 0.05 KTV ERENESR, n=5.

Note: Different letters indicate significant differences at P < 0.05 level, n=35.
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2.2 REFMAFHBHAETERREXNESE
EREA

WK 1R, ASFEASFEAAE - -4 A
X (SPAD) 7E 65 ~80 X [i], IR AL
55 0T EAH LU B ARG eS 255 5 K, B3 2 IR IR Z
R 1 R SR RG22 2% . A A S
AR ZE K, SPAD I Bh# /N .

2.3 IREIFAIRFIXHABM B SR RN

WK 2 Fros, FREIRIPRE) G2 B
R A E R, KANKRRTH > 3FE 1
o> E2 K > R, AL 30 d IFEAE] 2
UCRIR 3 1R 6 B 3R LT R 23 S BRI T 13%
F114.1%; ACFEJS 90 d, FAEFEM F 156 Ak

—e— %fHH Control —=— FR4%) 1 7k Ringing once
—a— FR#] 2 7k Ringing twice —x— F£#] Sprial girdling

=
P=:=8

SPADI £ FFIA &
Chlorophyll relative content

AR REL
Days after treatment
B 1 FEFFYHEN R HRREN S EMRM
Fig. 1 The effect of sprial girdling and ringing on chlorophyll

relative content of Citrus leaves
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Fig.2 The effect of sprial girdling and ringing on photosynthesis performance of Citrus leaves
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2.4 IRE|FRIRFIFBM B E L EETE R RN

WK 3 s, FRERIRE LI G 30 d [ A SOD yitEdy 828 & T, BRBALFE 60 d ik 3]
B, M 2 IR R HE S 60 ~ 120 d 22w X, POD &1, A% 1 IRALEANAE 60 d iy Xt
HE, FRE] 2 RAEALFE S 304 60 Fl 150 d I g F6 i, FRR%S POD 3G PEs% mif hy 3%, Ab3L ) 30 ~
90 d A1 150 d Iy 7% o CAT 3 PR SR 558 BTG T RERES, BR%E 2 RAFAFAL S 60 F190d
r TR, BRI T R SR R B

—e— %fHH Control —=— FR4%) 1 7k Ringing once
—a— FR#) 2 Ik Ringing twice —x— F£#] Sprial girdling

SOD/(U - min! - g* FW)
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Fig.3 The effect of sprial girdling and ringing on antioxidant enzyme activities of Citrus leaves

2.5 REFRFIFHBTFMEUYREIENEN

WA 4 Fros, G A T GSH &8 sAATE 15 umol - g FW LR ksh, 43S 30 d, 3E) 2
UORIFRFN AL BAR T35 1, Bl S st BT, Ab3S 60 d, WFHRAIERE] 1 JALERINIF4G R I, AbFEJS 90
d, IRE 2 RAIIAFALBE i T 60 I, AP S 120 ~ 210 d GSH A8 46 T4,  HLA-Ab 3 a0 B 2 2 .

IRENFIEAFAL I MG - AsA S 256 BTG FRErEH (B 4). 425 30 d, HEIRIER
FIMCHAR X, BJE ETF, SRFIALFLE 90 d INGARIIEAE (1 24543 pg - ¢ FW), Huxd s in T
25.2%. AbFE 90 ~ 210 d F AL BRI - AsA i SRR EE T R, AbFEJE 120 d F3m TR I, BT
Fese, HASALH R TC 3 2557
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—e— %fHH Control —=— FR4%) 1 7k Ringing once
—a— FR#) 2 Ik Ringing twice —x— F£#] Sprial girdling

AsA/(pg- g' FW)

GSH/(umol - g* FW)
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AR AR

Days after treatment Days after treatment

B4 FEFFRAHEH R IREEDREEHHE

Fig. 4 The effect of sprial girdling and ringing on antioxidant substance content of Citrus leaves

2.6 INEIFOIRRFXFHABH B A Z BRI
WK 5 fros, MR R MDA &8 R KBS, RN A MDA &8s g, AbFE
J530~90d PLK 150 d ¥ 35 I 3R3) 1 OFIBRE] 2 ANAEALPE S 60 d =146
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5 HEIMBRRIHAEH AR B (MDA) RENFM
Fig. 5 The effect of sprial girdling and ringing on malondialdehyde (MDA) content of Citrus leaves

3 e
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TEARE FET B A R R ME— T 2R, IR T 90 d I v Gl R W IR T X i, (HH AL
SESX IR E 2R, XUBRASLBRGI4N, EATREAFAE AR R e T e AR, ot
WKW AEY)EH (Gorenetal., 2004). oG (AR (Talaieetal., 2010; JHEIHE &5, 2014) LAK
PS8 77" & (Rivasetal., 2007) %%,

SOD Jif Pk K T A A DAL A S S RE ), et 2R bRl (BB 4%, 2002;
BHEM 2, 2017). POD & SR AL TR, B TI5MEE H0,, WEAL ) B8 K-OH
R HIAE AL, 1825 a1 M RE RS 16 AR ORI T AL, TR T E B AR A e e B AR A
(Cavalcanti et al., 2004). CAT L POD P [F]/E Fl & BRAEYI R N 1) HaOy, AT kR A1 380 455 2% 4%
MW E ORA& 4, 20060, ABFFTHRIL, HE] 2 IR AFAHALIE 30 d F1 60 d B W& 14 T Aif
il F SOD. POD il CAT &1 WSS BT IR HIRIER 3 T B0 452 BINUMT 5, SR T 412 sk4n
Mgy, BUFHFE R A SIS, P st v P, DAAEAN AR . B
B O M@, SR IPUE RS R B W0 T IR KO o R PR BRI IR S0 A B T A A
PSR A O o DRI B SRR A S0 15 2 X A 3 R A A e T — 20 L, JE R
AL I O ER BRI ) FE DA S A A BRAT FRACHEA TR ST . FERA BRI DR A AT, AR Ak
32 BN, DA A RS Do AR AT R B RIAL B, e AP IR 4 AR K, LAk
Kbz o X0 TH B 3, ol D BE KA R BN A A it

AsA [ BRI IE R OF , i5 K- OH A1 HyOp0 GSH IR DA A VLN i 107 198 2 40 s Bl 2 1) 48
o fi#, Bk, MM R FEg B R s 3 vE Rk 48, 2006). AsA - GSH fEI R
R T T A EEAEH . AR, BRI 30 d fHE A AsA AT GSH 75 534 i 11K
FX, XA T E S B AR KRG TR, AsA Rl GSH 1N AREHUSA MY RS 5 T A 3
(K, WA AT BESE N IR EIRERFIFNE] T AsA Al GSH HIZEME . FREIRIERE] LM A Hide b
W) %) ARG A3 B B R B ) A AR TR I (IR B B R e, Al 2 B — s R I AR
s JE IS ALEEI T AsA Bl GSH S 23 B, mlfg e TR0 D as, DR EER
GERRIE, il AsA F1 GSH & UE#ik ., /G AsA - GSH a3 (Halliwell - Asada
B Z 5HMENEIEA B HEERERR.

AR L A = R R AR B R3E S R AR, RE S AN R IO, 5 A A 4 B
FAEE R G, CEAGFEAEYE (BRIl 2, 1997). AWFFTHIRE] 2 AR RIAL B B R e T
A SR, UEIIMLG F5 R T Ui, S EURE IR AR s, L BES 5  FE P 1)
IR, TN R o AT R BRI RN BRSSP AR A B I R PR S R BT
HABWE T EIE R RE I IRIE BTy, DRA V& P AU B g ) 7 23N DT R A . 24
IR IR 5 | 1R 35 P R L T WA A RGeS PR AE J), O« HoOp Sy M & S RFLEI n, (675
FEG b AR BN, 5 3504 M S R e R
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