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B OE. KREPEERMERH A REEAEER (Pn). XREDHRAFBE (Fv/Fn) REXSBT
g d%E (ETR) THE, RBEBEBRFIHHEMHREZPEB R (ms-DLE) M5, M+ ATP T8
Fefk. MKIEMHART, ) NaHSO; 5 mmol/L R T H R 1E, FMEAFRAPRM A I Pn M Fv/Fm 3BT RT
11.5%M 11.6%, ETRFI ATP SBILFBE T, msDIE K FREEEM A, 7T, /5 LKA NaHSO,
R A KRS e AP BIe & E R m

XER - HE; BMEHR; EHRMEM; XAER; KR, HEE
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1 BB, MRS

RBEALERE. BREKBBEZRRENER, EAAERUHRZIRWD, THRIREM
(NaHSO,) ZERERETHEALE, HNMBER, EEF &G TIRE/NE . KBESHEYHASH
LO-5) | B SN NaHSO; SHEY A B Wk RARE . YEHEBIF T XA HE A NaHSO,
LERMNE E LS ERZL, 45T NaHSO, WYERVLE,

BT 2000 ~ 2001 FEHEIT . APRIRRFP T K FERWA R, (KRS NaHSO; 438 K& & W50
EAE LAY A A SR T AT % 3 FARRRMEM (Citrus unshiv Marc.) ZREE TIER
EPIEsE, BE (20£2)C, BREH 14 h, FTEHFHITERGE, WEEPZDFETZIEEA 500 ~
900 pumol- m~2-s~ 1, BEBUAE MRS —B M BR, 2000 45 10 A 30 B A1 11 A 5 H 8 [ A NaHSO,
5 mmol/L I BUR T P FRBLAM Fr, B S FERERSHBRR R BT R, FZEIE/K R NaHSO;,.
BEETATERED, BREAEHT 2CKEBLAE 10 h, FR{IERBE T 22CAHR, £2XLEF
8: 00 Sof PAM-2000 E#ERFOEN (FEE Walz AF]) WEH H HH R RKASH Fo. Fm. Fv/Fm &
BT #ERE (ETR), 6 KEE . FIEKRE 22CEMN 1 000 pmol m™2-s ' ATHIE (1 000 W BRIELT,
TS5 R 2ZRIARRRSIAKE) THIER 30 mn f5, A C301 EENALESEIWMEL (E2H CD
~E]) BMEEEEER (Pn), 4~6 KES, ERPEKFAMN TN, £BRPKE, B ESE
FE, ABSGHIEZEDER RN, 4 KEE, RGP KRAMIROH F, LZBRPRKE, BPHA
BYBYRE, KEHAFRER 0.5 g, /K 10 mL, ¥ 10 min, ¥ HEEL, B 0.2 mL FEW, AR CEME
MEHATPSE, MEBHSHIABH ZM 50 mmo/L, MgS0, 10 mmol/L, EDTA 1 mmol/L, pH 7.6,
PHE 3 mg/ml, 3IREE,
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2.1 NaHSO, & B2 xHERMERMNEHM A
BHAEE (Pn) HIEHIER @ oNBso.

5 2CHLE, £ 2C 10 h BrREEKERE
KB M ER A Pn TRHET 64.2% . NaHSO; 2b¥
BAHITHRBMALENY A, Pon THET
52.7%, 5 R ¥ NaHSO, #i Lk, 0 T T
11.5% . NaHSO; TEH B (22°C) &G THEBMNE

@®

[}

kA EE
Pn (CO: pmol-m™:5™)
~ &

1

AR PiEETH20%2 (A1), alW, A ° 22°C 2°C

NaHSO, A{XTE 3 & T RE4& 7 # 4% i 06 & # X, 1 EMRHERIES NaHSO, AR
RN KR A ARG A 1R AU N E AR

2.2 NaHSO, w4 SRR B BN EHH R Fig. 1 Effect of smearing leaves of satsuma mandarin plant
HERLXSH . BFEREE (ETR) K ATP with NaHSOs before exposure of the plant to chilling stress
3 Gk Ayl on net photosynthetic rate of leaf after chilling

i 15 A3 BT IE M ST o H S Ho0 A0 FRIY, £ 2°C10 h BEEG, HAHSEXRESH Fm (BK
FH) . Fv/Fm CEEHE) . ETR X ATP’éTEﬁ%UTF%T 42.5% . 35.6% . 22.4% % 38.5%, Fo
(FHEFE) ZAABHE, KBE:ERTH NaHSO; £b¥E K, Fv/Fm TFET 24%, ETR #1 ATP S BJLF
BETH., ¥ (22C) &4 T, A NaHSO, £bH et j5, ETR 1 ATP B4 7T 36.1%
14.4% (£1),

£1 EHEHEREEN NaHSO; kM 5 W HHE R Fo. Fm, Fv/Fm, ETR % ATP S RINER
Table 1 Effects of smearing leaves of satsuma mandarin plant with NaHSO; before exposure of the plant to chilling stress
on Fo, Fm, Fv/Fm, electransport rate and ATP content of leaf after chilling

i B Fv/Fm Fo Fm HTREREETR ATP

Treatment (pmol-e '*m~2+57") (% 107*pmol-g~! FM)
2C + H,0 (CK) 0.779 +0.007* (100.0" *) 0.408 +0.020 (100.0) 1.848 +0.07 (100.0) 33.84+3.25 (100.0) 3.1310.04 (100.0)
2C + H,0 0.502 +0.079 (64.4) 0.400 + 0.015 (98.0) 1.063 +0.214 (57.5) 26.26+1.54 (77.6) 1.92+0.90 (61.5)
22°C + NaHSO;  0.794 +0.020 (101.9) 0.428+0.017 (104.9) 2.153 +0.122 (116.5) 46.04 +4.34 (136.1) 3.58+0.12 (114.4)
2°C + NaHSO, 0.592 +0.024 (76.0) 0.414+0.026 (101.5) 1.101+0.129 (59.5) 32.83:1.51 (97.0) 3.4110.12 (108.9)

* PH{E + IRAER; * « BB PREFAEEN THENESE.
* Means + SE (n=6); * * The numbers in the parentheses represent percentage relative to the control.

2.3 REEBREMNEHHFAHEREEHTELX (ms-DLE) TR NaHSO, {2 #H1ER
O AR RS B F 1538 = A R A
Wp R Fh A ATHTFER ATP, OE&/ERAZ
o HEE ms-DLE I3 J12 40 0] LUR BL 556
SRR ILE A XS R BIEEE T 3 AR
. MHEFE ms-DLE BHRHZ BT 31 T H B R
2 PSIL K EALR R FRBE W, 8K ms-
DLE B EEZ BT HREZEMS, 2°CK ,
R AL 3B SRR T #5148 % ms-DLE B4R %nght on
HAMEHE (F2), XRAKBMECERETS M2 EMEHEEERNNEN NaHSO, Rk
Jo & BRRRALEE DI A X BB B B9 R T3 ) XA SRR DR R KW
#o WMEET ATP WIERB> (1) XE, th Fig. 2 Effect of smearing leaves of satsuma mandarin plant
E%Tﬁ—‘,‘ﬁo with NaHSO; before exposure of the plant to chilling stress
on chiorophyll ms-delsryed light emission of leaf after chilling
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PARTIA K NaHSO; B EEE BEEM/ERVIEEM S T MR, B/ERMBIR K NaHSO; GER
FA BRI, (25 ATP & AUFINH] ATP KA, 180 ATP BALR S, ABFSERI, NaHSO, 7ERFH
W EEENER, ETR WBRRE, REOCESHBRILNZER TR KR, ATP SBIEM, dike
., NaHSO, ZEAAE E/E AP RE L R E SR EE SRRk, (E3F ATP & L FIGsR B 715350k
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Attenuation of Chilling Effect on Photosynthesis of Satsuma Mandarin ( Citrus
unshiu Marc.) by NaHSO; Application

Guo Yanping', Su Jihw®, Wang Hongwei®, Shen Yungang?, and Zhang Liangcheng!
(" Department of Horticulture, Zhejiang University, Hangzhou 310029, China; 2 Shanghai Institute of Plant Physiology and Ecology ,
Academia Sinica, Shanghai 200032, China)

Abstract: Chilling stress led to decline in net photosynthetic rate (Pn), photochemical efficiency (Fv/Fm)
of PSII and photosynthetic electron transport rate (ETR) in satsuma mandarin leaves. Intensity of chlorophyll
millisecond delayed light emission (ms-DLE) of the leaves, which reflects the transmembrane proton motive force,
and ATP level in the leaves were also lowered by chilling stress (2°C 10 h in the dark). Smearing the leaves with
5 mmol/L NaHSO; before exposure to chilling was found to bring about less decrease in these parameters of the
chilled plants. Thus, Pn and Fv/Fm were decreased by 52.7% and 24% , respectively, as a result of chilling in
the smeared leaves as compared with the corresponding 64.2% and 35.6% decrease in the control. Lowering of
ETR and ATP level following chilling stress was practically eliminated by NaHSO; treatment. Evidently, the
harmful effects of chilling on photosynthetic apparatus and photosynthesis were substantially alleviated by the
application of NaHSO; in citrus, which may be potentially useful in fruit culture practice.

Key words: Citrus unshiu Marc.; NaHSO; lihotosynthesis; Chilling; Chlorophyll millisecond delayed
light emission
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