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 E 010 vH A\ AR 8 % (Malus robusta Rehd.) 55 & ¥ 7 R 3o b oRF, KA @ B K E SIS R £
(PBZ) 877 % , 3 K 2 k2l T\ AL g 3 4 R B 0K B AR % 3% (0,50,100,150,200 mg « L7") By u Bz 4% M, #F R 2
K KR ANBEEEN R, EREV . 5B (FFE B AN, R 9 7 75 ) At S IR 5t PBZ 7 20
ST KM T N\ EERE CO, K E (Ci) AE K F 8K R H(NPQ) It £ A4 4 B 7 M (POD) AF At i B &
(REC) JH & B (Pro) X — B 4 & (MDA) W3 B e Hl L% K A £ (Pn) AL E(Gs) K BE X
(Tr) AR A NERE(Fo/Fm) EREFERFE(OPST) HFEBE R EZH(gP) A MNE B (CAT) A L4 B
B (SOD) & T B T I 5 3 vt BB A0 B & 4032 41 NPQ 47 A& 7 400.00% ,348.28% ,212.90% ,153.13% ,292.86% .
266.67% ,Pro #7787 312.50% 246.67% .226.83% 129.55% 166.67% .189.58% , & 4 Fn & 4L 32 40 Pn 45 T %
7 53.72% .50.00% .35.71% .22.28% .32.78% 31.52% ,®PS T 4 %] T % 7 51.22% .48.19% .35.00% .30.33% 41.25% .
40.74% A E A LG TR EHR T, L 100 mg - LA BATEER TS, LAHH L WKERK
B, TEWET PBZRYHE \EEENHNGHRARGPAMERA, NTR G LW Z M, XA FEE I L
Fa KA AR A A AT AT 2P M5 £ £ ,100 mg - L'PBZ A B Z M\ BEEH KA M Eh EF,

KGR Ko ME; Za \REE, LR A EERE

hESHES.S661.4  XHEFEED:A

Effects of paclobutrazol on photosynthetic and antioxidant enzyme activities and
other physiological characteristics of malus robusta rehd. under water stress

ZHU Yan-fang, WANG Yan-xiu, HU Ya, JIA Xu-mei, GUO Ai-xia
(Faculty of Agronomy Gansu Agricultural University, Lanzhou, Gansu 730070)

Abstract: The 10 leaf age seedling of Malus robusta Rehd. was used as a test material, and the pot experiments
by controlling water content was applied in combination with spraying exogenous paclobutrazol (PBZ) to study the
effects of different concentration exogenous paclobutrazol (0,50,100,150,200 mg + L™') on Malus robusta Rehd.
under water stress, and explore the changes of the photosynthesis, fluorescence and physiological characteristics.
The results showed that; compared with the control, exogenous application of PBZ effectively slowed the increasing
range of the intercellular CO, concentration( Ci) , non-photochemical quenching coefficient (NPQ) , peroxidase ac-
tivity (POD) , electrolyte leakage(REC) , Proline(Pro), and malondialdehyde ( MDA ) content of Malus robusta
Rehd. under water stress, and alleviated the decreasing range of net photosynthetic rate(Pn) , stomatal conductance
(Gs) , transpiration rate ( 7r) , the maximum quantum yield of PSII ( Fo/Fm) , actual photochemical efficiency
(®PST ), photochemical quenching coefficient (¢P) , the activity of catalase (CAT), the activity of superoxide
dismutase (SOD ). The NPQ in the control group and the treatment groups were increased by 400.00% , 348.28% ,
212.90%, 153.13%, 292.86% , 266.67% respectively, the Pro respectively increased by 312.50%, 246.67%,
226.83%, 129.55%, 166.67% , 189.58% , and the Pn respectively decreased by 53.72%, 50.00%, 35.71%,
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22.28% , 32.78% , 31.52% , with ®PS1I decreased by 51.22%, 48.19%, 35.00%, 30.33%, 41.25%, 40.74%.

Also the change degree of each index in PBZ treatment groups was lower than that in the control group, and the

change degree of each index in 100 mg - L™' PBZ treatment group was lower than that of the other PBZ treatment

groups,, which exhibited significant concentration-dependent effect. PBZ activate the defense system and protect the

cell membrane system of seedlings under water stress, thus improving its drought tolerance The comprehensive eval-

uation of the indicators using the fuzzy membership analysis and principal component analysis showed that the 100

mg + L™' PBZ treatment had the most significant effect on the water stress relief of Malus robusta Rehd.

Keywords: water stress; paclobutrazol; Malus robusia Rehd; photosynthetic characteristics; antioxidant en-

zyme activities

VYL v 4 i L DR AR R DGR B R
R D RIRE RN B AESX HT R
S 2 X R AE KRR B EER T,
J\BEIE S ( Malus robusta Rehd.) RIHATZEST S Wifdh
BB, A5 R B it Ao 2 A0 ) B S5 0 A A B T SR X
(8 FHRGA B PE R A B 10 A IR 4 S5 42
PR R A K o3 R ROCR SR AR e
oK SR £ Rz —

ZRM (PBZ) S —Fh =M NIRRT R G
P 15 B AV B R A K R T R, BB S AE 28 A )
K, A g puai b AR R, PBZ X
“RIEFE ( Consolida orientalis) WIAEH M- (0 AL O5H
—EMRE T H PBZ Al 28R F i K R R
o aRpTrES . Fok SR ESEY T, N PBZ
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X\ HEFOCE R R POCSE HiA ARG |
JEENE I A B R Y o 2 e, LU BH A
PBZ i Wit A AL 1] i S S 2R B b
SMRY) BT b SR S

BRSO

1.1 MRRAIE
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32.78% 31.52% , 45 AbFRZH Pn T R 2 2 T Xt
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2.2 HMEZ M AL IERTOK 4 BB T /IR IBE R
SR
JBEIFH F 10 Fo/Fm 55618 T RIS 3
HHFE RS A2 6], CK AT CO #5422 T I, T C1.C2,
C3 ,C4 AbFH AN - 22, K W] PBZ A FRHEHR &
FERRASPT R RE ST (I 2A) o B 7K 3 FBiy 36 ek ] 9 228
KRR GENRE, £ A B4 NPQ 2 [+
e, 75 9~15 d, CK F1 CO i NPQ B i 5 T HiAth b
PR, 555 0 RAHL, 76568 15 R IR 2 M 45 Ab B2

Effect of exogenous PBZ treatment on photosynthetic characteristics on Malus robusta Rehd. under water stress

NPQ T 400.00% . 348.28% .212.90% . 153.13% .
292.86% .266.67% , 4 AL Hi 4l b THig AR T CK (&
2B), fSALHRA qP BT EE C2 AT R
/N, R 44.62% , Uk B RE I G RE L £ b
SeAAEH, TR GG A WL B FIR (1 2C) , 4540
LAY PPSII7E 0~9 d, CK M4 Ab 35 28 ik — 3%
fHAE 9~15 d, H A A W BUEYS & F CK, 7EAbBE
%515 K ,CK.C0.C1.C2.C3 .C4 73l Hbes 0 K F R
51.22% 48.19% .35.00% .30.33% 41.25% .40.74%,
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Effect of exogenous PBZ treatment on fluorescence parameters on Malus robusta Rehd. under water stress

Fig.2
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TR TR, 5% 0 XM, 4P 15 d J5,CK
Je R B 5 51 FTF 141.94% (132.26% . 84.85%
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XTHE4], CK.CO 5 C1 Ay SOD i ¥ S 81 i 35 T %
C27E0~3 d JHEMTHE ,3~9 d FF&: FRE,9~12 d
M2 EF,12~15d BE FRE,C3E0~6 d FF&
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SE R, 550 KA, AbHE 15 d J5,CK 54408
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Comprehensive evaluation of drought resistance of Malus robusta Rehd. under different paclobutrazol

Table 1

RGO E IR 3= A I WP RS E L 7t X w YA
Bortr . AR SRR s HOT M EAE A B R ) %
FEIPRESEATHE Y . B3 1 i1, C2( 100 mg - L7")
SEFRTR )\ I S F B Rk i

HEEITEN

concentration treatments using fuzzy membership analysis

PEM IR L5k & Paclobutrazol concentration/ (mg + L")
Determination index 0(CK) 0(C0) 50(C1) 100( C2) 150(C3) 200(C4)

4 % Photosynthetic rate 0.000 0.107 0.536 1.000 0.643 0.696
S AL FF Stomata conductance 0.000 0.045 0.545 0.955 1.000 0.636
7% 14 2R Transpiration rate 0.000 0.118 0.588 1.000 0.647 0.529
Jit I8 — S AL iR JE Carbon dioxide concentration 0.000 0.038 0.327 0.808 1.000 0.423
RMIERR F/F, 0.000 0.056 0.444 1.000 0.556 0.278
SRR ZER % DPSIT 0.000 0.188 0.375 1.000 0.438 0.500
EEAb2A R K R E NPQ 0.000 0.169 0.729 1.000 0.508 0.695
A=K R E qP 0.000 0.053 0.789 1.000 0.737 0.632
A8 ALY AL BTG Superoxide dismutase activity 0.000 0.098 0.590 1.000 0.541 0.122
i EALYIEEE P Peroxidase activity 1.000 0.813 0.125 0.063 0.000 3.875
i B S EHE P Catalase activity 0.000 0.167 0.767 1.000 0.633 0.700
T & Malondialdehyde 0.000 0.200 0.550 1.000 0.400 0.450
H1 5% Relative electrical conductivity 0.000 0.200 0.760 1.000 0.580 0.640
Jifi%& B2 Proline 0.000 0.141 0.484 1.000 0.453 0.406
KB R EUY(E Mean value of the membership function 0.071 0.165 0.544 0.916 0.581 0.756
HESF Sort 6 5 4 1 3 2

252 A A EZRS ST ESFRRRE S ok &
BETFTAREERFRAGESFN KOAT,
AN BE PBZ A B, %F \ B g S 4 B v e 14 45
Bt e 2858 e sR A AL 5 AT o o0 (BT S
F2~4), M2 FIES AI%I, N 14 4 F A TR
FRIEAE KT 1 BB A 3 R4, H B R STk K ik
93.869% , BEAS AT b A QR A T S WA 6. HER
3ARIE W SE—E AN 14 DA R R (5 B R
sy, B bk 2 A ER R EARA LRGP
PRAL, THA AN PBZ AL BRRYZE G155 SR A1 8L
Ao iy, 6B 2 A BR e A A0 e/ \ B 1 S 5
PR, M 4 01, C2 WAL,/ \ Wi 4 i L
PEIR 3% SIS 8 PR AL R —E

12F =

0F

Sk

% {iF {4 Eigen value
=N
T

0 2 4 6 8 10 12 14
% 73 # Into points

Bs5 EmoaaEaE

Fig. 5 The principal component analysis scree plot

K2 ERAIIRRFETHE
Table 2  List of principle components, percentage of variance,

cumulative percentage

- , BT BRI 20T/ %
ERS R U % s
. Percentage of Cumulative
Component Eigenvalue .
variance percentage
1 11.869 84.778 84.778
2 1.273 9.091 93.869
N N
33 #

WEE R AR WO & HR T B, AR T e
AU B 3 AR ) 0 A 1R G I A R R
FLBR G AR FLIR S A X A Y Ci BRI
A ALBR B KB, G & #R IR R TS
FERRARIT S R . Rz, S0t Rt A BRI H Ci
WREE T, DB A VR FH A 32 ZE PR &R R RS AL
F AR R R R PBZ AbBE S, Bt K
Sy A R P REA , B SE P Gs B Tr B2 R %
AT Ci W SRR BT s B A ERT
R 2 AR ALIA R A5, 5 4 2 R SR A S R 4
WA TR 25 R —80 " S ALFR P Gs Tr 1R %
W i AR T X R RIS ¢ 8 TP 38 /N Tt
HEZH  UiBH PBZ AU T Pn Gs Tr IFEAR, LA
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Table 3  Component matrix and score coefficient matrix

WiH Tiem ?%‘Zﬁfj 1 ?%é%%iﬁl 1 %ﬁﬁl“ 2 1%61\%’& 2
Factor loading 1 Score coefficient 1 Factor loading 2 Score coefficient 2
B B3R Photosynthetic rate 0.975 0.082 0.205 0.161
SALFHE Stomata conductance 0.918 0.077 0.033 0.026
7% % Transpiration rate 0.999 0.084 0.014 0.011
B CO,HeBE Intercellular CO, concentration 0.837 0.071 -0.097 -0.076
KA F/F, 0.970 0.082 -0.195 -0.153
SPREAL2ERCR DPSIT 0.951 0.080 0.090 0.071
et K Z L NPQ 0.958 0.081 0.207 0.163
oAb K L gP 0.973 0.082 0.061 0.048
ABE ALY AL G P Superoxide dismutase activity 0.918 0.077 -0.377 -0.296
AL YIS Peroxidase activity -0.213 -0.018 0.972 0.764
i EALEBHE T Catalase activity 0.972 0.082 0.160 0.126
9 B & Malondialdehyde 0.962 0.081 0.007 0.006
HL 5% Relative electrical conductivity 0.974 0.082 0.115 0.090
Jifi %2 Proline 0.979 0.082 -0.041 -0.032

x4 FIRAERSATEREIRE S LWL ET )\ &
BROBIRENNESITN
Table 4 Comprehensive evaluation of drought resistance of Malus
robusta Rehd. under different paclobutrazol concenreation

treatments using principal component analysis

OS] F1 F2 F2if Hey
Treatment  Score of PC1  Score of PC2  General score Sort
CK -1.302 -0.363 -113.398 6
Cco -0.963 -0.286 —-87.223 5
C1 0.313 -0.340 20.447 4
Cc2 1.449 -0.401 115.743 1
C3 0.405 -0.637 36.729 2
C4 0.098 2.027 27.702 3

AT AIIFE 36 B I 4 R 9 6 2 82w iy AR < AL
BRI AR, BRI F A Fo/Fm gP
OPS [T YA, 2 Wbt 2 /K 53 e B ) ) 2E 4+ )
ENHEZE T AR BE AW IR, 45 i 7 56 ik
RN R [ AR 4 W 6 BE T Y6 Ak 27 SR Y L
B B, I NPQ S35 T T 3 B AR 9 O R 1
ik, B Y B RAAY B —FR L, X5 Mohammed
Mouradi %575 46 78 Th 5 (0 45 2812 PBZ
LB H Fo/Fm gP (®PS T #¢ CK W B4R, &4k
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