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PERE R 5 RN AN, SN BT S R A pp333 ML PR P RO . EAT

AL AR e, AR BB BAT A&, ARRLERE T pp333 R\ KY W AT ARBEHT

pp333 I B MR MK E R 0.3%
CT NP2 CRES S VS LR
RESKE, $311.5182.8  STRAERIAM. A

Z %5 (Multi-effect Triazole, MET ) &3¢ |H 77
[ {027 2 7] HH ) —Fh s U RE R AE ) A K RE G2 55 A
TR ] B T BRI R =R sl A 44
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T 2R ST R R R AR E R T
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1. e A E T 00 eD . X A R
20 em» EHAR 23 cm TR TR 3 kg sSHF 4 A E
KFhF AR E & 5 K, 3L 25 4,

AL =Fr B T, BB E b,
T 2006 43 H 15 B AES AT AD b s B 4 R K Fh
T 23 A 27T HEKRMHKEMWI—0, B=HKE
K. FEMCHAN], FER AR E IR AN R K o), 4ERE
b2 %ot B K By 2200 85 I B W I B, iR
WART 3 H28% 4 H 20 HEgE=RHEGH T K
Jiti 100 mL Hoagland1 ERK-AH2LHES A 18
A &P K25 548 T oK 100 mL Hoaglandl & %
W, AT 4H260H 428 M4 A30HESE
DK G v T TET 5 e T K RS [l IR BE A 2 (R 1),
FESLHA ], 5] B DLRR 5 vk 4E R T 1 45 %t &5 K & o0
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—BOREE A, pp333 FH/K I e A2 5 45 DA - Ap D
NI N, AT 6 0ot K B AT R AE 2205,
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5 e 2 5 5 SRR ARG S KRN 1300, 1 5
OB D 26 36F 2 K BAG L Ny 2200 (X HR) . 45 AbBE
WEE SR, RAEREREK SRFR 8 ST
6 R PSR, DAGERE L K&, T R40H 10
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Table 1 Experiment treatments

b3 Treatment AFE PN Description

I T W5t 7 K T D 2 K 2296
Sprinkling clear water on leaves and

X1 B8 Control .
keeping the water content of sand on

22%

I THT W 35 KT T K 1396
T2 Water stress Sprirllkling clear water on leaves and
keeping the water content of sand on

13%

WA 0. 1% pp333 T 47K Bt
13%

Sprinkling O- 1% pp333 on leaves
and keeping the water content of sand

on 13%

TRpEa+ 0.1% pp333
Water stress 10.1% p333

MG 0. 3% pp333 R 4 K Bt
FEJa+ 0.3% pp333  13%
Water stress = 0. 1% Sprinkling O- 3% pp333 on leaves

pp333 and keeping the water content of sand
on 13%

PHETBEHE 0. 5% pp333 T 4 K B
FEfpa+ 0.5% pp333  13%
Water stress + 0. 1% Sprinkling O- 5% pp333 on leaves

pp333 and keeping the water content of sand
on 13%

L2 MEBHERFE

e 5% ) DDS —370A L A s,
A0 R P B = I S0 0 3 00 52 5 1T Vs P ) S Ty
w0V i 2 B — I — KRR s et
Fr o ko 26 S R VR U T I s L I S SR
ERINREM H . FREUEE T 5 B T LI B R %K
24 h, FMET ZAE T, Sk LS A ] BT
B S RFR, A KR SRS DAk
Byl R TR I U SR X R e
BRAN a— 251k B0 J5 . A L kel 20", 22 4%
IR ETAL B AR E T DRI LA 40 2% B B AR 35
7 SRJE BRI B AR K, B AT 4 Wk, M ASEE
KA AL TR REM B, 2 HR SEAL TE S, | AT 4
W, EMRLERRT R, R 4RO A TRIE R
B R AL 5 P LT — 6400 g 4 FE Fi i 2 A ( 22
) IGPAIIAE . JEHEBRIE 40 tmol/ (m” »s)
2 ER55HT
2.1 pp333 I KM HFR 2 REE M AR

240 RS2 A P /N PR St B B AELA B
ERE, £ 2 BE TRAMG TR BIE
pp333 I F- AR 2R 1 s PR B 2 25 T 7 F2 /K AL

M, TR TR ppd33. BB T 78 25K,
MR oh RALBE, 3 B pp333 Xt T B b A5 4

WHIZARE .
|2 pp333 EARGEM FFIRARMEEE ERIRNG

Table 2 Effect of pp333 on the membrane permeability of

leaf and root system of corn seedling

- P R R 2R R
b 7 Leaf membrane Root membrane
T reatment permeability permeability
(%) (%)

%} 8 Control 20.02+0.01 ¢ 25.32+0.01 ¢

FEL50 Water stress 30.4440.03 5 35.1940.02 4

TEpE+ 0.1% pp333

25.10£0.00 27.8940.02
Water stress 1+ 0. 1%pp333 2 b b

T2 pE+ 0.3% pp333

23.5740.04 26.3640.01
Water stress 1+ 0. 3%pp333 ¢ ¢

TR+ 0.5% pp333
Water stress T 0. 5%pp333

(S}

5.21£0.70 b 27.7840.04 b

2.2 pp333 WEKHFIHEER FIAMHES BRI

G373 B T B A 1 R AR B
il VB30 YA T A AL BT o A R A P R i
BRUY, ASCABR SR (R ) RN, TREMT. £
Kt P TR I RRR & B I B T R KR,
VEINRGE Y I — R ATV 24 TR R
HE B, 4T R ARG 2K, HS Rk
MU, AR g 45 SR 46 L T8 R A I 42 AT e
pp333 I s FLAT VA VN O B EU R AR i W i Y 22
e R pp333 X E KM Fr AR A T B
M), PRI 5 25 A T R Fr AR 2 i e
YL EA —E R, TANRETH R TR bhia .

£3 ppd HHASEATHRES BN
Table 3 Effect of pp333 on the content of osmotic

regulated substance in corn leaf

A R

el o
Ak B Soluble sugar ﬂ%ﬂﬁa =
T reat ‘ tent Proline content
reatmen conten
g/
(mg/g DW) (Mg/g DW)

%t H8 Control 44.8740.00 ¢ 107.39+9.36 ¢

TRIE Water stress 52.1240.06 4 302.98+6.85 a
T2 8+ 0.1% pp3s3

Water stross - O.l%pp333 55.4540.10 ¢ 227.49+8.26 ¢

TFRE+ 0.3% pp3s3

. 61.1540.29 4 221.87+8.94 ¢
Water stress T O~3%pp333 K a ¢

T-E i+ 0.5% pp333

57. 18+
Woter stuess - 0.5%0p333 57+ 18E0-07h 234.04+3.53 b

MR R E BN — s BRI R, MY
AR E 2 8 T Rk 38 B 308 53 B 22 A B
SRl KIS AT B XA R %5 .
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SR KV P K SRR (162. 3 g/ B 58 K) -
25CHTRESRAHIRMKE N, Y EK S5
o3 I 1 A B T A AR B SR K B LK
XA B TR HPTRNE, SRR TR IR
LY DK AP AR & BAEE S RE FIER
KB g 2 B s o B AR 1 e B4R AT Wi
pp333 FIRMEE pp333 KM a1 5 46 F Tl
BR & B AL ] LUE H SERTIER pp333 1Y oK
Frro B 2R 5 B ¥ BOR Tl AY D9 AR, i I i
pp333, BEAE—EFE I BT X ERA 15 FE

Bl S N 0. 3V AR & i
I PR S Bfm .

2.3 pp333 MEKM F7k 43 EIRZME

2.3.1 pp333 gt &Kot A AKEA KN RE H Y
" KO R AT B EAR . A S K
B IR N K TR AN G i . A
ORGSR (R 4) R, TRIME T, K& & E
TR, (BAET R ALBERTWE T pp333 A9 ERIMFr,
K7y & R T ORI pp333 AU ALBE, H AT

0. 3V RABRYF . KATER IR Ve T NME
HEEA L W EEFERESE X, WA K
PLE HKFIRE K PR S, B HKERZ.
WAL e B, 3K 4 3REH. TR s . Skt
A H HKE B R B pp333 i EKkM A H
F 7K 2 B v R BRUKF . IX AT B pp333 BEA ST
BRI R R —,

2.3.2 pp333xf R ket REAKEEN YR WKL
ATLAE s 70 R KA TS BRI i kK e i
K HUGE T RPN, B T pp333 At . kK
S B AR T R B R W YK B 0. 304
0. 5 0B R BRI, X b A BRAK Y TC BB XHE 5 B oK
FIPTRMEA TR E X,

2.3.3 pp333 xtE Rt AR B HR K2
TR, TRl pp333, TREMHE T, TAM
()75 1 T A BT A, SRATIE I pp333 i . 78
B ATEAL, P& pp333 MR N, 785Kl 2
FEAR. XARA AT RESE pp333 feit T AL M &
I ITTRRAR T i 2 i

&4 pp333 MM FkS & BRKSRESHIFN

Table 4 Effect of pp333 on the content of water content and statue of water in corn leaf

i 3 MK
Treatment Water content ( %DW)

531.22+12.86 4
433.90411.33 ¢

%18 Control
TRl Water stress

TEra+ 0.1% pp333
Water stress T 0. 1%pp333

TR+ 0.3 pp333
Water stress 0. 3%pp333

FE#+ 0.5% pp333
Water stresst0.5%pp333

463.2549.93 4

516.78+16.08 b

484.11410.596 ¢

B K E & RAK &&=
Free water content(%) Bound water content ( %)
51.0440.01 4 33.114+0.01 4
49.52+0.15p 31.7440.15 4
53.11+0.13 4 29.13+0.13 p
52.89+0.16 4 30.8940.16 5
52.67+0.23 4 30.384+0.17 4

5 50
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2 40

2 35

o 30

T 25

g 20

<15

3 i

z S “"J

K o & oy b
S K Q_Q\° S Q?;\“

4t ¥ Trentment

B 1 pp333 MM FEKE RN
Fig-1 Effect of pp333 on the rate of water loss of corn leaf

*s)]

EBER
[mmolH,0/(m’

&b B Trentment

Bl 2 pp333 S Fr kRS RAIRZNT

Fig-2 Effect of pp333 on the transpiration rate of corn leaf



156 T ARV

&2 %

2.4 pp333 WERMHAHEREE AEGEENS
LS ERNR
ALRAE] CO2 AK I3 HE H Y R R 318 2
TP RS HNEAT R SRR I 2R 1T —
FEIE LTS - AR M K BB 9920 2 A #B it S FL LA

/

SARABEREIRSN, 25 4R ER, TILEE
PERTEIE pp333, T RME N, EAMEEHE K
FUSHE M 2 & B E BT FWe, $ATHHE 0. 3%
() pp333, o B N, KA SR/,

RO ppdB MERMHAAGER SASERMHERSENIM

Table 5 Effect of pp333 on the photosynthesis rate,stomatal conductance and content of chlorophyll of corn leaf

it 58 S

T reatment

Photosynthesis rate

(Mmol CO2/ (m”+s))

SILSE LIRSS e ie
Stomatal cnnducFanDe Content of chlorophyll
Cmmol Hz()/(mz s)] (mg/g FW)

Xt #8 Control
TE2MrE Water stress

FEhia+ 0.1% pp333
Water stress T 0.1%pp333

FEhia+ 0.3% pp333
Water stress O.3%pp333

FEfpE+ 0.5% pp333

8.3140.12 (100 a
5.9470.44 (71 ¢

5.80£0.25 (70) ¢

6.21+0.56 (75) b

5.1340.05 (50) ¢

78.50+1.30(100) a
66.35+2.65(85) b

52.3041.33 (67) ¢

35.15-0.35 (45) e

47.004£0.20 (60) d

2.9540.13(100) a
1.5940.08 (54) d

2.2940.09 (78) ¢

2.5840.07 (88) b

2.2040.07 (75) ¢

Water stress 1T 0. 5%pp333

2.5 pp333 M EKEERIEIREE SRR

i FR L 7 B ( Nitrate reductase, NR) TEAE Y A &L
R AL L . A SCEE R, 78 R REK AT
Jr BRI SR RS Ve v AR &R B K 4l B
PROIC IR E B AR AR Fr, IR 45 RE R B, NR
XF K3 T E AR L ABURR, RIAEA R M ik 2R &
TERMME T NR {6 VAR AR B AL, IR & NR 75
PERER SEAR, (HBEE 1 pp333 RUAERK, R
HRRARE H NR IEHEPBORME A 25 X,
pp333 REAE— & FEJE B T R i Xt EK AR
AR T 2 5 R I 25 SRR B R BlEE pp333 Wit
VREERY I AN, MR NROIEPEZACA R, B2 M - NR
TEVEREZ 3G
2.6 pp333 XM ZHREY BT

AR R — AN R R A RIS EY)
MR, IR 7 3R 8 R, BUKE EKA
G D D T A TR R R ) 4]
pp333 I LA 55 F K 4 i i o 2 4. R BUAE i 42
AW pp333 JEIBF TR0, Tk EAGEE 5
TREIE RS /N, 0. 300K PR AT SR A i,
T2 RTEiE pp333 AR HIE G T iR R 58 .
HRIEE HG W 25 B4 05 pp 333 4 I i G AR 4K, 3 3K
I 5 B N A BE AR 4, ZEFFASHEL AR RE, KRB
0.5%0mF, EARAKZEIG], A LB 4
Ir- Wik B E RS, SRR pp333 X £k
AR,

6 pp333 WHFFRAR NR EIERIRZMG
Table 6 FEffect of pp333 on the NR activity of corn leaf and root

AR O
4 73 Nitrate reducatase activity
Treatment NO;[HQ/(Q FW +h]
M [EES
Xt & Control 152.50+11.65 1004 18.5140.00 100 4

25.79+0.00 274 1.61+0.00 9

TEril Water stress
T2+ 0. 1% pp333
Water stress + 0. 1%pp333

TER2pE+ 0.3% pp333
Water stress 1 ()~3%pp333
TERpE+ 0.5% pp333
Water stress0.5%pp333

32.7842.04 21¢  4.824:0.00 26h

48.324-0.91 32p  3.360.29 18h

50.4043.06 33, 4.0940.15 22h

3 i

A R T R R SE AR A M A P
fERERR A A= 1 A F LB ) DL Fe A2 0 i 5 DL
TR 3 A AL R, I T4 i IR R R
&), VR IR S E g K . pp333 37 BT LA
XH/INZZ e AT 25 A AR B2 7 T — R B R
AU HOK RO, f T Rl Y& LY AE
AR R EE RARI e TR 4 e, [ SR A
IR pp333, REMS Iy TOKER T B AT,

B, 20 TR MRS A B DL, DO
SEYH M A S M) BOSCHR f JB S A 2 P, A
HOXT IR R R AR B A S H) TR A AN s R 8
FEAATFRGE R 1R R RN AR 2 R AR A ) 22
b o AT 358 3 B R S EC 2 0 R 1 ) 1
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AR I AR T2 I 422 AT W5 it 25 280k RE %
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R opp333 MERYEEMENZ N
Table 7 Effect of pp333 on the biomass of corn

R £ A R AL R TR,

R 5 b AR R T E T E
b B Root fresh Shoot fresh Plant fresh Root dry Shoot dry
Treatment weight weight weight weight weight
(g fw/plant) (g fw/plant) (g fw/plant) (g DW/plant) (g DW/plant)
*F B8 Control 19.3040.50¢ 33.00+1.50a 52.30+1.25h 2.85-+1.50p 5.19+0.10a
TRJrE Water stress 13.45+0.724 19.56-+1.294 33.01+1.944 2.49-+1.29) 3.82+0.10¢
T2 hE+0.1% pp333
22.74+0.58 27.72+0.77 50.46+0.96 3.7640.77, 5.1040. 05,
Water stress 1 0. l%pp333 b ¢ ¢ a a
TR 0. 3% pp3s3 ]
26.34-+0.41, 30.55+0.60 56.88+0.75 3.92+0.60; 5.06+0.05;
Water stress 1 0. 3%pp333 4 7 b 4 4 4
TR +0.5% pp333
- 18.32+0.59 20.15+0. 34, 38.47+0.89 3.47+0.34 4.00+0.02
Water stress 1 0. U%pp333 b d d 4 b
®8 pp3dd MERGYEHAEE ZFHARNZM
Table 8 Effect of pp333on the width of leaf and circumferences of shoot of corn
b ¥ AR E R b 58 BE EY RaLEES
T reatment Plant dry weight Roottop ratio The width of leaf Circumference of shoot
reatment (g DW/plant) (DW/DW) (cm) (em)
%} #8 Control 8.04£0.07 a 0.55d 4.540.25¢ 4.540.09 b
FE 38 Water stress 6.31£0.23 ¢ 0.65 ¢ 3.6+£0.284 3.7£0.13 ¢
T2 WhE+0.1% pp333 B
8.86+0.08 ; 0.74 5.4+0.63 5.6+0.29
Water stress 0. l%pp333 a b b ) a
TR 0. 3% pp3ss ]
8.98+0.10 0.77 6.2+0.60 L7£0.34
Water stress+0-3%pp333 a b a 5 a
BB 10.5Y 33: A ,
TRERELT0. 57 pp3is 7.4640.13 1 0.87 a 4.540.11 ¢ 4.040.07 1

Water stress10.5 %pp333

HK, ZR e s BT RN & &, &
R, B LT R AR, AT
Pro SR, ACHERIREH ETREAGT &
ORI A AT VRS  Pro & B th B RN, (Hif
PERTEE pp333 5. ANVAERE S B R, 1 Pro & i
B ETRRAG, A PR 3 NBENS A AL AR A B
B TR A AT K 1, eI F e 7K
(1) B AL T BRI R SR BTG pp333 89, G
PLO. 3V YR B N feAE, 4R ATWEHE pp333 Ml
HPro GEBKTTREMANGE RAETREEHT
PERTBEIE T pp333 J&5. &R T T xR E LA 7
R, RIMAE AR TARAMM A ETREAGT
A NR IEPE (3 6), NIV 7ET R AR P IRE
REBRAMTRERM THEER., XM T T
B TRIEA X AR ), K R
pp333 XA ] A= FEAR ok R A T AL = A AR IR
7,

pore

F=, ZRMAERE I NIK SR RS

KR PIEAK IR . KA AT — I A B FR Y
VITIREE . 55—V E B R, [R] it 2 RO R
FRRH AR . Ko Z D FFAEIR SR 250
2, ARATWE pp333 J&, B R U TR K
TPRUL B AR TR N KRR Bk ERR 4, 32
RSSO 390 Wi BER» I 12 7K AU /N T % K
o B KSR X R, S R KR
A 55— B AR AR A e R A 2, 45
B FERE ABERMEREZEL T
pp333 FEAR 7L BERR 5, NI B LE T /K5
SR EERER,  dy BLHEWT, B K IR O T fE
J2 pp333 R EYTT IR EEABIALS], Y4
REBEWLE SR R 1 ZE R BARY) - &
AR — AR IR 2o 2 T A B 45 A ) 0
A B WG PR AR P R Y, T B AR
Wi 1 pp333. (TR T A G R RA
B SR R FEAR AT 0. 320, b & R
s R R A BB, LS R, BB R
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Promotion of drought tolerance in corn seedling by Paclobutrazol

. 1. .2 . ..
CAO Cu1‘11ngl, YANG Li", HU Jlng‘Jlang1
( College of Life Sciences, Northwest A & F University, Yangling, Shaanxi 712100, Chinas
2. College of Environment and Resource, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract. An experiment was conducted to study the effect of pp333 on promotiing drought tolerance of
corn seedlings- The results showed that under the water stress the change of the membrane permeability of leaf
and root was decreased under sprinkling PP333 treatment. and the osmotic substances was increased when
pp333 sprayed on the leaf beforehand. and the transpiration rate was decreased under the sprinkling pp333 treat -
ment . and the chlorophyll content and the photosynthesis rate was higher than those without sprinkling pp333
treatment > and the stomata conductance was fall under treatment of spraying pp333; under the water stress the
nitrate reductase activity had a higher level when the pp333 sprayed beforehand- Moreover. under the water
stress: the width of leaf, the diameter of shoot and the ratio of root/shoot were all increased. the single biomass
of corn seedlings was the same as the control under the treatment of spraying pp333 beforehand- The conclusion
was drawn that pp333 could enhance drought tolerance of corn seedlings and the 0. 3% was the optimal concen-
tration for corn seedlings under this experimental condition-

Key words: pp333; corn: drought resistance: physiological mechanism



