WY B S5 R 2R 2003,9(3) :359~363

Plant Nutrition and Fertilizer Science

SR Fp 20 o0 B A AR T o P R DRI
R REIREH

AL, RARB, KRR, KRER
(I K EERURKE LR WM 310029;2 ZHBEEEFLE, 58 BEE 657000)

WE: AEEBEROTE FRETARERABRKEHBMNEMY A A ERANBKER., SRRV, E0BH
BT M H BAIRTEIE Fo AR Fm PST A ¥R (Fv/Fm) R R WA FH4BHE R (ETR) TR, o A 3E
AR BB (N, FIFH B A B . A R RBESF M ER DTT LEH K5, Fo Fr . XBLRUH, BB
BME T BN EH AR, R REF B EREMAERT AR BARF T EHEN

EEEA,
XA B, BMES,; PSO Xefb3E; Xmsl; HRKEF
RS AE: S666.1; Q945.1 IMIRIASE: A X MME;: 1008-505X(2003)03-0359-05

Phosphorus deficiency stress aggravate photoinhibition of photosynthesis
and function of xanthophyll cycle in citrus leaves
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Abstract: Effects of different light intensities and phosphate levels on photoinhibition of photosynthesis in satsu-
ma mandarin( Citrus unshiu Marc. ) leaves were studied in the culture solution. The results showed that under
high light intensity and the condition of phosphate deficiency, initial fluorescence (Fo), maximal fluorescence
(Fm), photochemical efficiency of PSII(Fv/Fm)and apparent electron transport rate (ETR) decrease, on the
other hand, slow -phase (qN,) of non-photochemical quenching and leaf temperature increase. After treated by
DTT, Fo was much higher than control(H,0). These results indicated that phosphorus deficiency stress aggra-
vate photoinhibition of photosynthesis, xanthophyll cycle-dependent non-radiate energy heat dissipation played
an important protective role against photo-damage to the photosynthetic apparatus in satsuma mandarin leaves

during phosphate deficiency stress.
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HREMTAKEZERBERNH#T. M3 EERBER
MEM( Citrus unshiu Marc. ) B & JI| G fd R ik 4, HmB4&
ERBE—BAARE R E NS, % 25CEAH 600~ 800
gmol [(m’ «s) WIT THRERBFHRK TR, HINEB
EHBAGB 2 AERB T RBAENBATHSR. RREB
4 ML BEBEIROE RBEBE BB L BB B 3 KE
¥, BRBEHEARRS (mmol /L) :KNO, 6.93.(NH, ), S0,
4.58,Ca (NO, ), 4.27, MgSO, 2.33, FeSO, 0.79. H,BO,
0.01.MnSO, 4 X 10™*,ZnSO, 4 ¥ 107*,CuSO, 4 X 107*,
(NH,),MoQ, 3x107* \EDTA 5.5, it MEA XL RS
AR E A 1.5 mmol/L KH,PO, # 1.5 mmol/L KHSO,,
feseab R A K,HSO, f£# KH,PO, fl KHSO,, M K
RSHTEHE pHERNE6.0~6.5, BHERUEN S L BFH,
BERELR K, AR EEHBR IS SRR REE
K, BERNUFRERY , BB AEHBRE RS EEHN
FHCIBRMETF 400 pmol/(m® -5}, BLBEK 35 4R # T A OESR
7 800 ~900 pmol/ (m®+s)Z [8), BT L2 i 10 k45 38 )b F1 58
SR EIR A B 900 A 100 pmol/ (m? «s) , I WE L H#
RHRR, B HRN 12 h, 5 20 d FTHEETHR
1.2 HHMEHE
1.2.1 MAHZEEASH BHGEEZTHQST)IHEM
2 h )5, H PAM-2000 8 # &, i 5 X 52 X6 {4 ( Walz, Germany)
5 348 B 2 B9 M3k (2030-B) 4> B ZE 58 28 100 F1 900
pmol/ (m? +s) B F 83 57 4 £T (2050-H, Walz, Germany) T ¥
EWHEEN(Fo) HAKEH(Fm) & PST M AN LBEH K
R (Fv/Fm). ME ,TFRMXE [ PFD/ATF 0.1 pmol/(m’
*s) K 600 Hz] WEF MK EZ Y Fo, BITHF— KA
Bk 3% [ PFD 2 3000 (mol/( m’-s), 35 %% 20 kHz,0.8 5,1
THBR I HEBRAEASE Pn URERGEERE FY
Fm, 6 KEH ., HiELAMEKHY DA-2000(Walz, Germany)
1.2.2 eaeRdEXER R AR (aN) P B # (N, )
MWAGQN,) WEH.EHAEENEDS 2L, HE, T
FFEWAEL PFD /M F 0.1 pmol/ (m® +s) , 373y 600 Hz] ¥ 5E
MBRKRKE W Fo, BIT— MMk PFD 4 %
3000 umol/ (m® + 5),0.8 s, 5 XKy 20 kilz, | ko 1M ERK
FHBH Fm, B8 Quick # Stitt B FES LB HBRH
MRERFRE S s 5, TR N3 IT — R 0 Bk s e W
B Fro', 4k LI — K 4 54 36 [ PFD = 0. 9umol/(m” +s ), 3 s]
LIRE Fo' M EXARME REERKERGTER
100 s W —K Fm', BEBRE 1800 s 5, N ER 200 s W E

—K Fo', F AR A L B W B Fm 7 Fo' , BB R X

REMERLERERAR qN=1-( Fm' - Fo')/(Fm -

Fo)'*73+ 3 gN;.qN, #l gN,.

1.2.3 FWBRTERHER [ ETR, pmol/ (m*+ s) ] MH-B
BHARER TR REL R E) ek (S5 2030

B, Walz, Germany) 5 % X 8% # & , 48 7E 100 1 900 pmol

[(m’- s)AXTHE.

1.2.4 DTT(ZHHHE)IIAME HEHHETHHEKSD

BT, BAS5Smmol /L& DTT BHP, WRBK,EFXT

[10~20pmol /( m®+ s)] E M K i DTT 31 A,

2 RS0

2.1 FENETGRBY B X HHE M R R 3E ¢
$¥ Fo.Fm # Fv/Fm B9 &M :
BRBEEERCREKEBRETERFIAT ., A
BREBATHEERF A THE, Hth R
I B Fo.Fv/Fm X Fm ¥ FE PR (B 1),
2.2 AEAXBTHRBBEXHEH XL ERE
TR (gN,) P EHE (gN,, ) B HE (gN, ) =4+ E 5
2 |
FEBBEIRE T R AORHR AR S BB R T 35
FRMBREEEL KRR X BERTFRELN
aN; ZBAAR K, SREFZUA XN oN, BEFAR, R
B ERBEFN N, BEAR. ERFBEBATESF
MR S BB L T RN, K}
A oN; TRE,qN, 1 gN, AR, BHTEK
RIMEERH H qN, fI oN, B R FEKEBRETHE
(& 1),
2.3 DTT AExt#li# Fo # Fv/Fm B¥EM
 ERRITEET AR KN A DTT 4 B
G, BBEE Bkt K 89 Fo ¥ & R THBEH B, Fv/Fm
B @A T HL B bR (1 2) |
2.4 ARENERTELBEEIEHEH A RAERTFE
iM% (ETR)NER
BATHEFMEKREF TR E ETR, RBEY
HHERAKX, HDIT ABEHERAKBAET
IR AEBREIE T WE ETR, SRB%A Bk 9 B 1K F 4t
Beifitk, B DTT A0 38 )5 R BRI ETR WA B MK
FxE(E 3).
2.5 AENETHRBMEHEAKRTBHOER
AWRIEFFERN 900 [pmol/ (m®- s) I FHIH
BE RGO 100 [pmol/ (m®- s) ] T # K, R R
FERICTREE R F T WE , 6B Bh 18 15 vk 1 o
RSB HTHBHK, AREBIRBEL TR
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Fig. 1 Effects of light intensity and phosphate deficiency on chlorophyll

fluorescence parameters Fo, Fm and Fv/Fm in satsuma mandarin leaves
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Table 1  Effects of light intensity and phosphate deficiency on the three components (qN,, gN,, qN,) )

of non-photochemical quenching of chlorophyll fluorescence in satsuma mandarin leaves

gN # 3 4 5 IR Culture light intensity

Three components 900 [pmol/ (m®- s)] 100 [pmol/ (m*- s)]
of gN +P -P +P -P
aN; 0.803+0.026 (100.00)” 0.797£0.012 (99.25) 0.720+0.022 (89.66) 0.668+0.020(83.19)
gN,, 0.486+0.013 (100.00) 0.533+0.006 (109.67) 0.530+0.025 (109.05) 0.514+0.012 (105.76)
gN, 0.270+0.029 (100.00) 0.391+0.041 (144.81) 0.070+0.028 (25.93) 0.067+0.019 (24.81)

1) FHME + FiEIR Means £ SE (n=4); 2 M3 F A% 86 The numbers in the parentheses represent relative unit.
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Fig. 2 Effect of DTT treatment on FO and Fv/Fm in satsuma mandarin leaves
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Fig.3 Effect of DTT treatment on apparent electron transport rate in satsuma mandarin leaves
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