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Abstract

In this study, One-year-old “Fuji” apple trees were used to study the effects of spraying glycinebe-
taine (GB) on the photosynthetic characteristic of apple under drought stress. The chlorophyll con-
tents of the apple leaves, net photosynthesis rate, stomatal conductance, chlorophyll a fluorescence
parameters and antioxidant system etc. were measured. The results indicated that under drought
stress, the chlorophyll content of apple leaves pre-treated with GB was significantly higher than that
of the control. GB pre-treated improved the stomatal conductance of apple leaves, at the same time,
it was also found that the application of GB on the leaves could reduce the accumulation of active
oxygen, improve the activity of antioxidant enzymes and maintain the function of PSII. The photo-
synthetic characteristics of GB pre-treated plants and those of the control plants showed were sig-
nificant different (p < 0.05). GB pre-treated plants had higher photosynthetic capacity and showed
better resistance to drought stress. The increase of these resistances is related to the increase of an-
tioxidant enzyme activity and the protective function of GB.
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1. 5|8

FEREACTTHX, KE T R ERIE A 5, JUHZ g i, FokED, TR, RidRE
WA RAE, JEEETh, 1952~2006 4, AJEBH T F = XA T2 pidin 2k 3.8 1276(5 %%, 2008) [1]. J6h
TERRVEY B AR AR, RAEDE KR 2 R A, R4 FEY e & Ve I 4R Hde
PUPERI LA, TREMNA T, EMIOCEIEH 2R — @ REMRE, Hard R, SaBERDLKR
R EYDERE M AR e A BRSSO N IS RS2 A [2], AR R

TH3E 0 (glycinebetaine, GB)& —Fh AR5 A RIS % I 5 4 A e ot R 131, 1R 22008 0 W I
SERR RS S A TR [4] [5] [6]MIPiE, (IR SR 7T B — AR EYD) KA BOR A5
[7] [8], TH&HXTHA BEELEFF IR ARAREY R (Malus domestica) I FTIRIR D, SERTET R B T &
BTG SRR R 2 EESERS SE R T R P S R ERE? EAS AR, TAVEHTHIWE A D& U4t
R SRS 5 R R K IR 2% VR P SRR S R B [9], ARIG R AT T R R, T i
SR BONS SE S A R R s, SR B SEBRTE T 38 6 SR A ThRE R CR AP LA, R g S
PESE S TR INULY ' W N A1 K VA S iy S LR [

2. MN57E
2.1. WEHH

PN 1 AT LR, AR T B K (Malus hupehensis), FFZEH1 28 gL KRN B(F
BLAE 45 cmy =30 cm), N 3 IR | (A NUR(RIES FEIEMIBED), BN 1S ke/dd, HM
FH. FREMERNG ARE 7 AVDPRIE KRR, KBS, Bkl 48 ST T v 5
HiL B B FR A OB RIS A 25/20°C, 68 600 pmol'm s ™'~800 pwmolm >s 'y 12 h-d™', SN 65%~70%)
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rhREAT RS AL FLAN AR KT AR B AEARBRRT(0 R)FIAEFRES 3. 6. 9 RiEATH KA AR
Mg, PradzEily3 kES.

2.2. EHIEM(GB)MALE

IEEUA AR —BUILI, o3 W 2L BEAT I T B e A SRR B, T MRS — SR
100 mmol/L (£8 THAR A B A ¥R FE ) Bl S (Sigma 23 5] 72 i) BT MR 23 F /K BCH] . & 2%0 Tween-20)
(+GB), B LA B KNI IR (CK: 7 2%0 Tween-20) (—GB). & K& WA — 7, DLRFRA
SO AR AR T, RSN 3 d.

2.3. fmBabE

GB TG, BUL B ECE K AR GB FilAL B A SE AR RL, SR B AT R 177 kAT #27K
AREE, 2 TAEK 04 30 64 9 RBATH RFGARIE - e U A B AR Py (RS TR ) R 55 3~5 71
HBEAT I
24. RBSE

24.1. BEEARMNE

F#E 2% Gorham 55(1982) [10]/ F7VEF- ORI & FH k. LA Sigma 2 =] (1) H 2 BR #lt =il 7 HT 46 AR)
FbRfE.
24.2. HERZERNE

FRAH AR ZE(2002) 7311

2.4.3. BAERERSHZHESBHMNIE

HHEEEP,) FALFE(Gs) ZMBHEEE). MR CO, IRE(CHESHH CIRAS-2 #5065
FG(PPSystems, J¢[E)IE . o a4 ER 5 W E W A R4 B R — 7 ALK A Tl fr Bl A i A K<L
SPE. AR AME CO, IKES AT B

2.4.4. HFRRTEXSEHNE

K F 9% [E Hansatech 23 7] ] FMS-2 AU ik | 205G AN 58 2R 3 2O S 4 D E IEnd N i K9
F o BATUE S GRS, I T W R 30 2301, H6IE B R 2 S B A PE K M 2 e 5 HE 2 DL SCR[12] [13].
RS, EXEMMEQ pmolm s YIREHIE F,, RGBS 0.8 s, WSE F,, WAL
WG, FIFNEAI L, B0 30 s UG 1 BFMkeE, W& F, RHdetbsos, RIRFTHEaE
BAST 3 s, W F) . mUOREHUE, EHHTIER, FHAH— M MERNE. F/F, =(F,~F)/F,
Oy = (F, = F)[F, > (¢P)=(F,—F)[(F,~-F)), aN=1-(F,-F)/(F, - F,)=1-F/[F, . {EEm %
PR 3 ANEERFIE.

2.4.5. BEABEFEREO,) ~EFEEFF H,0, FERNE
O, Y77 A2 T8 28N 5 2 8 52 [N 2P T 46 (1990) 1) F7 %[ 14]
H,0, ()& & 2 4% 8 Sairam AT Srivastava (2002)f)J59%[15].

2.4.6. EMEEMENE

Z 8 Bartoli 5(1999) 1 5 £[16]. HL 0.5 g W HUE T4 AR, 0 5 ml T4 BB R S il vk i it
B%, 12,000 g. 4°C &0 10 min, _IEWEN N CAT. POD. SOD. APX MM . &0 it H G .
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ERDIFET AR AMBEEER R, TSR ARNEN € RS % DRI G-250 2.8 ml M 0.2 ml
Wi, N2 min, F UV-1601 B4 606 HHE 595 nm LL .

2.5. GEt oA
I SCH IR 3 el 3 Bh AT, el R 3 kel 3 K BA R AL I P +S E.. I
DPS BT AR, hE)EATSE ST, FIAT Duncan #7521 HEAT 2 B HLAL .
3. ZBRE5 0
3.1. HERHE GB FT 2B X R FEHRE & B AR

W 1 pros, FHSEHTRAL BB AR SR AR B SO S B IR SR N (TR R 0 R), SRR Rl
SRR S BN 22.4 umol-g ' DW, - W% St SRR AL FEAS #R A 65.2 pumol-g ™' DW; Bl T 5 R (I ZE K,
GB T Ak P 2EL Rt R 2E A Ak B S0 15 2 S 35 14 0 (p < 0.05), 0 2 i S5 7 Ack LA AR 1 B S 8 o s i
NRE (P <0.05), TFWiE 3d. 6dF19dJERHEA 3 HIEEIN 7.1%. 22.8%F1 67.7%, & S0 1 Ak 2 2H 73
HIBEIN 33.3% 40.2%A1 109.5%.

Table 1. Effect of GB and drought stress on the content of GB in apple leaves
= 1. M RS e A SRR AN T R B X S R BH SRR 2 2 B R

+GB -GB
0 3 6 9 0 3 6 9
FH S0 & B (umol- g 'DW)  65.2+£2.9d 86.9+7.3bc 91.4+4.4b 136.6+58a 254+3.8g 27.0+6.4fg 31.2+£52f 42.6+6.4e

d: DW oA H: RPEEN=AE LS FEEARERZS.E). FUEEARRNFRRIRE p<0.05 WA EEMEER.

TEA A PR [E)(d)

3.2. HEMIHE GB MITEMEMFERMH FHER S BRI

FERTHIBE AU, T RMRA S, EROR AL BB AR R B R B B AL SR SR, FRATIE 1R R
AN GB FUACH AR e R SR, 4Rk 2, SRER, TRAER 0 d, GB HlAbHAM 4
BT, RN AR AR K A R, RS RS 3 d, e AL DY AR 0 d I 80.8%,
1M GB FiALFR 9 4 FE 0 d I 96.8%: {EMMEJGHIEE 6 K. 55 9 R, MgREEH BRI, HE28EN
F RS, GB FALHZH W i T 0 WA o SR R 22 T SR RO SRR IR AR, XX E
ThRE I AERT 2 b ANAT
Table 2. Effect of GB and drought stress on the content of chlorophyll in apple leaves
= 2. HEBTEEH SR AT 2B ERH AHEE S 2NN

+GB -GB
3 6 9 0 3 6 9
et g Emeg 'DW)  7.7+03a  73+0.1fc  69+03d 64+0le 7.6+0.1ab 63+02ef 6.1+03g 59+0.1h
W RPHENEAEZNTEEAREIRZ(S.E) . BUEFA 2 RRIRE p < 0.05 B E MR

3.3. MR GB TS MEX R F SRS B

Xif AT A M S E RO B 45 AP 1 fis. IEHSAE R, S SEm T A R X L BT & S 2R
Fie il Pn) ZHAEE, 4308 10.6 pmol'm *s ™'y 10.2 pmol'm s s FRBMEF, SEFM Ak
HHERNEES, T8 9 RN, MABERIDCERE T T 56.9%, St Bk EESE
TFET 27.3% (B 1(A): MR IR ALFE(Gs)E R = 1(B), EACBERIEE 3 K E 0 7 Ad 2 A6 IE A ik

54 B ] (d)
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ERT &

ARmE L B, DS B IR, (E U B S AL BEAR R B T R AR AR . 2R BB IE R (B) (] 1(D) L&A
AL FEREAREAR—5 . MR COKRECHETRE 9 d W(E 1(C)), EEminab Bk B 2%,
A2 o R R AR AE 30 1) 5 SR S R0, X VRN, EHASBR TAL B R AR O A R I R R R AL R SR

TR AR R AR AL BRI RIS B B T AR RALIR ], S BOCE DIRERI W& T B
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Figure 1. Effects of GB and drought stress on gas exchange parameters of apple leaves

B 1. R A SRR T R A E X R R SRR S B

3.4. TEHEMFERMF PSIH FEMERIRNT

Gs(mmol m?s™)

2.
E(mmolm s 1)

FJF, 7W5E M T PSIT i A6t 20 . & 2(A)Fir, EIEHEEN FOEHEE 0 K), B
AEBERE RN IRAE IR F/F, BN ERIAKR, T2 aE s, S8 TR, ET 2 Ersg o oK, i
S TRAC BERFE AR F/F,, H1 0.834 %] 0.804, FFE T 3.6%; % HEAE PR H1 0.834 FFEE] 0.794, FF% T 4.8%.

Dpgi A& PSIT LR 23, B R T 1ESG RS T PSIT R H O3B 43 G BB T eIk 2230, dpay
(IPRAR, BEEH AR ZR BRI RE T 603 S 438080, PSIL RSO A 2 A2 55 . AT 2(B)
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Figure 2. Effects of GB and drought stress on F,/F;, (A), ®pgy; (B) of apple leaves
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BT %

—5, BT EIREE A AN . ESER AL AR Ppsn S FEIREE /D, TN HEAAEAR T Dpsy T FEIREE K
FETF-RAEFRHIES 9 K, TSRS UL FRAEAR I F Ppgy 9 0.354, TBE T 26.2%: Xt R4y 0.225, NI T 53.0%.
TEWHE T, BT EE I S 8E2 T FJF,, A @ pey IFEAR, I RIS R e = 1 PSIL AR A mdiht.

3.5. FEHMBMERM H PSII %k fE o BRI

W] (AR, SRR IAL BN B SR A 1K) qP B 56 BTV A T RS . i IRERR T R,
5T RPRariALt, £ RAEKE 9 K, MR 26.2%, SHESMBUACHER T T 16.4%. T55
R, SERM T PSIL S G B P AR R R 52 21 1 ASFIREEFIFER, 10 S SR Ak B bR 52 21 52
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.90
85 4 B
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Figure 3. Effects of GB and drought stress on (qP) (A), (qN) (B) of apple leaves
B 3. MR R S AT R e T R RO FE R (gP) (A)FAIESLILFEIE R (N)
(B)RIFZAR

ME 3B)RTELE Y, fETRIAREE 3 K, oNETFE, ATRERDVEYINIERZ 2 E 5, (HARLE
SR, B BRI ROERER D, e R AN fEREE B E I R E:, gN B BTt X3 PSI
ARFR RER ARG . 14 3(B)IEFTLAE Y, BHSE AL BAE PR AE T R i R b gN A _ETHBOH iR
HYIERER, JCHA- R 9 K, SHABRAARIE N 5B s T LUK, X8, i
Jiti FH R AL BEAE R PSIT A R (AR AR ST AEHURE 1, T S DG REDT oL A 45 5 o

3.6. I TE Rt e BH SRR AN T S BiE X S SR TR 1 &4 A B2

E 6.5 70
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Figure 4. Effects of GB and drought stress on the production rate of O, (A) and H,0,
content (B) of apple leaves
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Y, RN RE N> O, I Aid A, T Rad R, H0, M& BB O, A &iE
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Figure 5. Effects of GB and drought stress on the activities of superoxide dismutase (SOD)
(A), catalase (CAT) (B), peroxidase (POD) (C), and ascorbate peroxidase (APX) (D) of of apple
leaves

& 5. MERFEE SRR T 28 T ERM A SOD (A). CAT (B). POD (C)F1 APX (D)
FEMERIRZT

545K, TRMNE T, PrEEREEmPNAR. T2MHE T, SOD (& 5(A)F CAT (& 5(B))
ST S B POD e G FHim, 1 APX FISEPE KB R AT o PR A a2 . oo T W e =ik
P TR A PUEL RS, CHE TR 0 K, XIS SRR AL EE L AR O A1 Hy0, FIS A
— (& 4).

4. iR FLEL

FSRBA NA E AEH A NS IE T R BT R . BRI T, R P ISR S
KARIGIN,  HLIGIFE RS 5 A R e b i 3G 5 2 IEAHDC[17] (18] 3ERA SR I B TIRIK(R 1), &
TR, FARBEGUSAEI[19], XATERTA T 7T 45 R — 80201 @ -1 Wit i 5 vk T LR
e SR P SRR, I TR it A S HR AT AR SR R R RSO R B, I LSRR AR B B T IR B
7K AR — BRI 8] A AN BEARE (S 1) o X 3 BT - W S B v S SR UV B T VR AT AT

T-EMia T, BRI E AR AR SRR S E R TR, XS T R E s B e
BKo HERR AL BERE R SRR R B B I R e T R AEAR (R 2), IXFITE/NEZ (21 RIE R [22] B
T Feah A — 250, i T B e SR R 2 AT S5 A ) AR B L, RIS A BT i B B R
REmt R R T RME T I RS OGS R 52 e 5 R SRR A (2 1 R K

FEE T, AR S B R S ALBR AT SRS ALBR E A 7 T R R R o A6 S AR BE 1 3
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ERT &

3R, I Gs 2 EAHES, NS RHT 2RISR EE K TEEams 6 RFE
9 K, RAILFEWE T, XA TRILRHMLER, (HEH 2B EAT A SIS E NN
R 5 B SR ARG T B AR (] 1(B)), I T8 B P [ 5% it SR B 22 R AR AR T AL T B BRI, X R ST
TREPHar)EE o RENEE, TRAFENE 9 K, WM CiEZERIME 1(C), HEMX AT 6
T AU RZ I, AN R FIAL RE SRR, R ZE T JAESALPR &1 A &5 SR 23], T 7] A S Bl 390 Ak BER A
) Ci B U P 4ERELE R —7K~F o X U B, FH S 060 T Ak AR A 1D it R 40 P [0 4 8 ) 52 5 il b ko HE 4 A
RAN, HEMIL AL S B 2 o R R R (1] 1(B) R FARE A

T-EWE T, R R PSIT B H G IR 5 D1 A R BRI 95[24]. RN, TR WhiE R = mig
PESA(ROS) W AT DA B 225 PSIL, & /% D1 & I HIREIR[25]. ROS 1552 2 482 M o ML) 1) =5 2 20 1 38
5%, PUEAL RGNS SR RS E[26] [27]. BT LASE, IR SR PR SR
A PSR — N EE D I, SAF TR, BRI e B AEERRIE TR 21] (28], HERATHIRE AR
L, T RIIET, BESERRTAL B 5 SRR T DAAERRR s S B VS TR (& 5), AL, JLHZ SOD.
POD. APX JEPERA S T X AR, XA TR T2 PSI G233, mmEbknsame/i.

TR, T A SRR = SR A R SR, IR AT R S R T T A A O
IR GE PSIT i MEA ¢, FIE SRR R TR <.

EHEWmHE

LR R FE BT B BT A 4:(2018KY07)s  LLZRA AR EH 4 (No. ZR2011CMO034); FE XK IR
Pk AR R(CARS-27).
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