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WbFERR . 3 2 6000 (PEG) LT FHhid,
& SLs+ n-KoMoOs F SLs+n-KoMoOs 75 4 AN
B G 25 5, 20 ) ¥ B A BN 25 1K
(CK1), 15% PEG (CK2), 0.10umol/L GR24+15%
PEG (T1) , 0.24mmol/L n-K;MoO4+15% PEG (T2),
0.10pmol/L. GR24+0.24mmol/L n-K:MoO4+15% PEG
(T3) , SLs #l n-KoMoO4 ¥ T 15% PEG W& T
B B IR MBI TARAE (=7 MLR-350) 1,
E 6 B/ S s 25°C 16h/20°C 8h & 70% %4+ T
KA. B 2d BHIRHIEAN, AL SmL.
RIGEE 2, 7d J5 BORENE 9B A 2R AT A
B

1.3 MEBMBESAE%E

131 RFHR. LFHEAFNHH BRUKH,
Gt AR RGO, DURIRKEAN T/ H
BB E N . DSBS, THPRE, T
MR S e 0 )y AR . AR VAN
WR: KZFHE (germinationrate, GR, %) =K ZFHU
PEIRFh 2041005 ~F35 K ZF I A] (mean germination
time, MT) =X(nxdin), X, ni N i RKEFT
B, di NITIRREMREL, n NRCFIIR T8 KEF
¥8#( (germination index, GI) =(n1/1)+(n2/2)+...(nili),
KA ny mas o mNER L, 2, L P R
15 /1FEE (vigour index, VI) =R ZHHRx (KL
#K .

132 JEARK, MAAKATE  KF 7d FEEKH
— 3 10 BRYIHE, Sl H . AR AN AR
Ko W 5T A T AR A . 105°C %
 30min, S0°CHET-ZfEE, FRih LA NFH.
B HEIRE 10 A4 T35 18

133 st e KA ORI E 4t
R4 E S8, M4tE a (Chla) « M4EE b (Chl
b) FIZREAEE N1 TI7E 665 649 Fll 470nm H i K
WS . HY 0.2g M1, FH 95% £ B4 Bl = i
2R ER, ARE 2 6 BT RO B e, T e
i,

134 A4 HE A ALY B
(SOD) Mt & APl (POD) ¥ 4 K A — %
(MDA) . iHEMHEA (H,00) « BEHE 7 (02).

2R (Pro) FIAJ¥AMERE (SS) FrEI ML &K

R PR 7 AR Sl e, BN EbrE S

3 ¥X. SOD. POD 1 MDA il & 17 &5 i FH R B

TR —Ff, BRI E . DL AR bR A R

JiE A A 0.1g, DR 25 B A 4 HE AR AR B 300 B

FteaE.

1.4 HIELIE

F]H Microsoft Excel 2007 s N $4s fl1+5, F

H SigmaPlot 10.0 #F2: K, SPSS 17.0 A4 2E47 %

PE I AR K 5 2 48T (One-way ANOVA) FlIHH ¢

P43 4T (pearson correlation coefficient) , K H LSD

N5 0<<0.05 KPR 2 R B .

2 HERESR

2.1 FEMEMEKFATYRI AR FIALNE
RS0
2 1A%, 5 CKI1 ARFEAH B, TS WA (CK2)
BHEFRT R 8 ST GR, 2 AR
KA TN, CK2 43 Q2 FIZEAL 8 51 GR.
GI. VI 5% (CK1) L Friffk. CK2 4b#
T, Q2 FF GR. GI. VI A E/5HIEE CK1 Ab

&1 FEH SLs. n-KoMoOs 33 F 2B T3 F AL MEREI R
Table 1 Effects of drought and SLs. n-K>MoO4 on the germination traits of rapeseed under drought stress

L= L
\Zifiy Trﬁfent GR (%) Gl MT Vi Rate of j_lmfrince (%)
Q2 CK1 100.000.00a 58.82+1.15a 1.10+0.09¢ 515.82+35.92b 97.78+3.85a
CK2 98.89+0.96a 30.88+0.70f 3.30+0.11b 51.46+7.43f 35.56+10.18d
Tl 100.00+0.00a 53.18+1.60bc 1.48+0.13de 686.09+13.22a 73.33+2.89b
T2 100.00:£0.00a 36.80+0.19¢ 2.73£0.05¢ 257.13+10.51d 62.22+11.10bc
T3 100.00:£0.00a 51.25+1.25¢d 1.61+0.11d 189.78+4.88¢ 76.11£10.72b
#ih8 5 CK1 100.00+0.00a 55.40+2.92ab 1.32+0.21de 454.05+43 46¢ 96.67+4.41a
Qinyou 8 CK2 40.67+16.17b 8.06+1.84g 6.64+0.85a 16.55+5.95F 16.67+6.67¢
Tl 98.89+1.93a 39.77+0.49 2.5840.05¢ 456.9+45.99¢ 34.44+2.55d
T2 98.61+0.00a 31.38+3.98f 3.04+0.13bc 147.65+1.84¢ 44.44+12.95d
T3 98.89+1.93a 49.39+1.40d 1.72+0.17d 186.54+57.76e 49.44+13.98cd

R ZUA [F) B o AL BRI 22 708 5% 837K, TR

Different letters in a column indicate significant difference among treatments at the 5% level, the same below
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KT 1.11%- 47.50%- 90.02%A11 63.63%; =1l
8 SN TR AR HIBFEK T 59.33%- 85.45%- 96.36%
1 82.76%. Tl (CK2) F, Q2 GR. GI.
VI IR R Em TR 8 T

AR SLs Al n-KoMoO4 40 B /5 Fh-F- GR. GI Al
VI B & T CK2 48 (3R 1), Forp T3 AbEifiidt
Fy RO B, Q2 M F GR. GI. VI M
K CK2 A H A 1.12%. 65.97%- 268.79%
1 114.03%; Zfk 8 51 T3 A PELL CK2 A3 5

PR 143.15%. 512.78%- 1027.13%#1 196.58%.
22 FEBEMEKEDIRIAZIHRE M

RBIF2 e

3 2 Al %0, PEG Wriaff Q2 A%k 8 S+
L, FREK UAREAMEK S CK1 AbEEAH HEI)
ARG Q2 MTHTHE. FMHRK. MARKFM
FRE I b CK ARFE CER 2614 BRIK T 17.57%-
81.08%- 84.20%F1 75.00%; Z&fl 8 ‘T HHN B IR
AR T 20.65% 71.05%. 92.36%A1 85.71%, %

#z2 FE2EHSLsy n-KoMoOs Xt 28 T4 B R Z KA
Table 2  Effects of drought and SLs. n-K2MoO; on the agronomic traits of rape seedlings under drought stress

s i AL P FHE (mg/tk) FRK Cem/B MK Cem/BfO MR %
Variety Treatment Dry weight (mg/plant) Main root length (cm/plant) Lateral root length (cm/plant) Root hair number

Q2 CK1 30.90+1.59¢d 7.40+0.72¢ 7.09+1.41a 8.00+1.31b
CK2 25.47+5.18ef 1.40+0.18¢g 1.1240.40ef 2.00+0.36¢
Tl 37.46+2.75a 12.24+0.43a 3.17+0.85bc 10.00+2.31a
T2 36.93£1.53a 6.15+0.47d 2.12+1.49cde 3.00+1.22¢
T3 35.57+1.40ab 2.96+0.07ef 1.27+0.21def 4.00+0.58¢
#h 8= CKl1 26.97+0.90de 7.08+0.50cd 4.19+0.26b 7.00+1.67b
Qinyou 8 CK2 21.40+1.82f 2.05+0.41fg 0.32+0.07f 1.00+0.23¢
T1 27.30£1.70de 10.87+0.77b 3.59+0.76bc 11.00+0.67a
T2 32.33+1.60bc 3.63+0.45¢ 2.40+0.40cd 3.00+0.50c
T3 31.10+3.30cd 3.22+1.37¢ 1.2340.35def 3.00+0.58¢

SR EEE K (P<0.05) .

T1. T2 A1 T3 AH T 2 ANSR AT MR
AR E S S R KA 5 CK2 (FRNE) A 2%
Pz TR, Q2 MTE. FMRK. MIARKA
MFRE I b CK2 AR = T 47.07% 774.29%
183.04%7F1 400.00%; ZEAL 8 ‘5 AH M. F5 45 70 7l LE
CK2 AhBEHR T T 27.57% 430.24%. 1021.88% Al

23 FEBEMEKBEHYRSENFHSEER
BENFMN
HHE 3 v, Ko T R A0 2 2 B AR T IhsE
M A 4R E. Q2 i Chla. Chlb. Chla+b
H1 Chl a/Chl b [ FEAKER 73519 19.15%. 12.73%.
17.03%%1 7.39%; Z=4 8 5 735114 19.32%+16.62%-
18.33%#1 3.51%. T Wil T, #MJE SLs F1 n-KaMoOs4

1000.00%, #5113k 82K F (P<0.05) - WFE R T RS B RRRIE A, Hoh T2 A2
#&3 FEFH SLs. n-KoMoOs 3 F 28 T3 HHH R RS BHFME
Table 3  Effects of drought and SLs. n-K>MoO4 on chlorophyll content of rape seedlings under drought stress ~ mg/g FW
\ Chl a Chl b Chl a+b Chl a/Chl b

Trf;iim 0 R85 Q2 R85 Q2 R85 Q2 R85
Qinyou 8 Qinyou 8 Qinyou 8 Qinyou 8

CKl1 8.93+0.32bc  6.78+0.66¢ 4.40+0.19abc ~ 3.97+0.36bce 13.33+0.49bc 10.75+1.02d 2.03+0.04bc  1.71£0.01d

CK2 7.22+0.31e 5.47+0.37f 3.84+0.19cef 3.31+0.24f 11.06+0.37d 8.78+0.60¢ 1.88+0.12d 1.65+0.03¢

T1 8.2840.12cd  6.89+0.60¢ 4.27+0.19abc ~ 4.10+0.29bce 12.55+0.31¢ 10.98+0.39d 1.94+0.06¢ 1.69+0.27d

T2 10.04+0.59a 7.96+0.29d 4.73+0.20a 4.77+0.88a 14.77+£0.79a 12.72+0.59¢ 2.12+0.05a 1.71+0.35¢

T3 9.45+0.42ab  5.93+0.32f 4.53+0.14ab 3.58+0.08ef 13.98+0.57ab 9.52+0.40¢ 2.08+0.03ab  1.65+0.06e

FI/E I BB &, Q2 f¥) Chla. Chlb. Chla+b Al Chl
a/Chl b 73 BN T 39.06% -+ 23.18% - 33.54% Al
12.77%; Z&ft 8 54358 45.52%. 44.11%- 44.87%
M 3.64%, ZFJIAEEE K (P<0.05)

24 FEBEMEKBEDHRIT AT EHT i
SLERTE MR R
wEl 1 fros, TERNEsEs 17 SOD 1 POD i
P, 5 CK1 AFEAEL, Q2 #hHiM H SOD i1 POD



SE 209 HA

JE5 55 AN SLs FIZAK KoMoOa % 5 JHRE I JH SRR 1 K 20 217

TEIE AR T 14.03%A1 193.33%, ZZ1L 8 5434
P T 11.53%A1 51.29%. 7£ 15%PEG H i\ SLs.
n-KoMoOq [ A0 B BE 2 2 $2 =X 2 FREgI3ETE, T1
AbFEE CK2 AbHEAHEE, Q2 #hHiH A SOD A1 POD
TR BRI T 21.44%F0 58.00%; Z=ALL 8 5 SOD
1 POD 3512 BN T 26.50%F1 44.23%. T2 5
CK2 4 AHEE, Q2 1 SOD F1 POD i 14 43 %l 4 Jin
T 22.81%AH137.69%; Z1ik 8 5 SOD #1 POD i
PR BIBE N T 15.72%F0 45.63%. T3 5 CK2 AbF
FIEE, Q2 v SOD F1 POD 5 PE /3 HIHE N T 38.78%
F136.69%; ZEAL 8 5 SOD 1 POD ¥ 4 73 1] 4
T 33.52%01 324.04%.
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Q2 ZAf 8 5 Qinyou 8
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AR B RN AR BRI 72 595 5% R K, TIF
Different letters mean significant difference among treatments at the
5% level, the same below

1 FE2% SLs, n-KoMoO, &8
Xt B SOD #a POD &M HIS2 T
Fig.1 Effects of drought and SLs, n-K-MoOj on the
SOD and POD activities of oilseed rape leaves

25 FEMBMEKBETBYRIBRGEMNRE

HEEEMNFN

FH P 2 AT, 15% PEG S & 4 1 i1
TGS, SXIRAFEMEL, Q2 THH O,
H>0, 1 MDA & &5 EFHT 91.62%- 49.86%F!1
517.42%, ZL 8 5l EFt 1 192.18%. 48.56%
1 559.62%. 1 15% PEG H I SLs. n-KoMoOs
PAEEEERFILT O HIEE, Tl CK2 AFAH
tt, Q2 1 0% H20:. il MDA & & 73 Al > 1
37.73%- 16.10%A1 23.10%; Zft 8 5H=FH &

SRS T 56.14%. 21.04%7F1 62.89%. T2 5 CK2
AEFAHEE, Q2 H 02+ H0, 1 MDA & 73 il ik
DT 34.49%. 21.06%F1 31.92%; k8 SHH=%
SENNIEAT 46.20%. 10.37%K1 49.69%. T3 5
CK2 A #AHEL, Q2 ' 02+ H.0: A1 MDA & &
DT 40.81% 14.82%F1 74.11%; =L 8 Sh =%
GRS T 54.01%. 23.52%F1 75.22%.

O CK1 BCK2 @TI BT2 T3
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60 | b c
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20F e
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Q2 Z&f1t 8 5 Qinyou 8
il Variety
&2 FE#1SLsy n-K:MoO, &L
PSR FIEME S 2R
Fig.2 Effects of drought and SLs, n-KoMoO4 on
the active oxygen contents of oilseed rape leaves

2.6 FTEMEMEKFATYRINBERSETHEZ

BATYRSEMFM

HIEESEAML, BEMEE s T A SS
FPro & (K3, Q2 uruliEinT 79.34% i
674.31%; Z=HR 8 T l¥Em 1 10.34%7F1 348.05%.
SLs. n-KoMoOs #bHE#27= SS M Pro &, T1 5
CK2 AbFAHLE, Q2 M/ SS # Pro & & 73 hil e &
T 20.64%7%1 57.93%; ZAh 8 5 SS Al Pro 1
BRI T 42.67%M 197.81%. T2 5 CK2 4b#
AHEE, Q2 M v SS Al Pro & &3 AR T 38.07%
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@ . o Roe mRoERo D Rl 48.28%: ZR AR 8 S0 Fi it SS Al Pro & 4 B4R
s 1 22.62%A1 158.73%. T3 5 CK2 4-FEAHLEL, Q2
540 - F oSS Al Pro/e‘.‘ﬂf\%lw—%%? 63.35% #l
i;.ﬂ . 157.03%; Z&fh 8 5 A SS Al Pro 5 &3l $2 1
2 1 21.75%H1292.15%.
20 27 FEBETHFIHLHEXIERSSHEEE
10 FREE XM i
® 100y a 2 4 AT, FiFE ARSI R GR. GIL
= T VI 5 DW 2 [AfEFERR 52 3% s 38 TEAR G, 573
% 600 KRR (R AR R 3 f A SE (P<0.01) « FhTFEIR
§ 400 £ HIFFER (GR. GI 1 VDD 5 MDA H0, Al O > 2
= 200 IAELERL S Z 1A 5% (P<<0.01) . Pro FIl SS % &
0 5 DW. SOD. POD iy 5 2 BUtR 2 25 IEAH R,

Q2 74k 8 %5 Qinyou 8

fFf Variety
3 FE2HSLs. n-KoMoOs AbFE 3 i35
Mt SS #0 Pro & ERISIT
Fig.3 Effects of drought and SLs, n-K:MoO, on

{HA1 LRL AR AR (P<0.01) o
3 g

soluble sugar and proline contents of rape leaves Fh—F 0 A 2R A K R B ARR B, 2
x4 MFALKEXERSYEEEEROEXRY
Table 4 Correlation coefficients between seed germination parameters and physiological indexes in seedlings

fibr Index  GR Gl VI MT DW LRL MRL Chi SOD POD MDA H0» O Pro SS

GR 1

GI 0.731™

VI 0.462"  0.683™

MT -0.836™ -0.965" —0.626™

DW 0.591™ 0.428" 0455 -0.514"

LRL 0.067 0438 0.650" -0.303 -0.066

MRL 0211 0357  0.878™ -0330 0227  0.561"

Chl 0.543" 0334 0339 -0389  0.727" 0.115 0.183

SOD 0.201 -0.027 -0.124 -0.064  0.470" -0.585" -0.177 0.108

POD 0.287  0.154 -0.056 -0.198 0.519™ -0.489™ -0.154 0.080  0.744™

MDA  -0.817" -0.925™ -0.530" 0.939" -0.511" -0.361 -0.169 -0.506" -0.089 —0.169

H20, -0.629" -0.862" —0.720" 0.844™ -0.478" -0.658" -0.417" -0.486™ 0.126 —0.027  0.883™

02 -0.889™ -0.890™ -0.645" 0.935"™ -0.672" -0.322 -0.358 -0.670" -0.105 -0.232  0.927" 0.852""

Pro 0.308 0.062 -0.136 -0.146 0.576™ -0.596" -0.234  0.320 0.909" 0.789™ -0.188 0.081 -0.260

SS 0.181 -0.130 -0.185 0.040  0.453" -0.647" -0.165 0.280  0.887" 0.562™ -0.023 0.195 -0.115 0.891™ 1
DW. LRL. MRL. Chl7}#R+E, R, FREK, gxdgE. 7 RmEEHX (P<0.0D , “7 FREEHX (P<0.05)

DW, LRL, MRL and Chl indicate dry weight, lateral root length, main root length, and chlorophyll content, respectively.

6w 93

indicates extremely

significant correlation at the 0.01 probability level, “*” indicates significant correlation at the 0.05 probability level

DRAE H BT (T BT SR U7 17 52 2 5 3 R S 1 A 2F

LR AE KSR T 5 AR B 11819

o VRN K

%?%ﬁﬁmﬁ%ﬁﬁm MR . H R

S 15%KEE UL 1 PEG B85 2 VEY Fh T

E%K FF TR A AR RO, AR SR
R I 14% PEG 215 [P0 B 5 3] il SHEAR e 52 An )
RECH - izlﬂﬂ %Ziﬁﬁﬁ ZER 2. A, AR
P it Ao

BT 5 g

HPMRAAER, 1 HRF

Q2 fE T FHha F HAE S GR. GL M VI.
MDA & i fig it S AL I F ey 2 — 22, wlfE
R 20 PR A A R PRI FR AR I230. :F:Fﬂj]‘l_fgﬁfmﬂ
KF B 525 I ROS AR 24260, ROS 1 H HH 2
FEAF 0, IREAHME (HO) kA HH
3 (RO) , 1M HoOx FIHRZEZSE (O2) MILAIEE |
B TR AAFAER8, Rk di R Rk, +
Fhpe T, 5IE®4MEKMEE, Q2 FiH MDA M
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O & EAMREMTRL 8 5, WHIHLF MM
Fh 2 T 2 E R R . SOD 2 ALY EER
7, FE4E H0,, i1 POD @I My Stk & 4¥s Ak
F o i HaO128-290, M2 S Pt R Re /1« ARWH5E
TR 5, 2 AN SOD Al POD % 14 i
# EFt. Pro M1 SS Ji i BRI AH M2 & H ok 4 7 240
B, B EgHM K, R0 5 ) 20 B 1 £ 01
AR T E TR T R AL fE PRSP Q2 1 Pro Al
SS R

SLs nJ MR T &, AR R, 38N
WREKE, fRERAAKPI2, bt SLs 7 35 2%
fife 13 5P IE AR IS B4 T o ANK A L DR
R AL 22 R Ve i N TR AR v, el
BEYAK, SCEEYERKKE, REEmR
331, AHIF 75 SLs Al n-KoMoOa 23 S AL B DL K SLs+
n-KoMoOg Ab HH 2 3 G2 i 1 5260 S50 it o il S o
TEIRIINH], JoHSE SLs+n-KaMoOs X 121
GR W HEAEH & K. 1A 7T SLs+n-KaMoOy
B A - AR A A AR H i {2 /R FH /N T SLs
n-KoMoOg4 % H AR, HAE AL 6 75 2t — Bt 7.

Mojde 25325 B, SLs AL RE P05 T 2 il
BRIV 21, B Bm P B 1 RS
FETY . AR R AT 3E 5 FE E R R A
SOD. POD F CAT &M=, A#F5H, SLs.
n-KoMoOgy Zb 2 J5 53 32 i Ff MDA H202 O 2+ 5
EHEE TR, UL SLs Al n-KoMoOs 5 -5 %,
) MDA\ H20: 1 O »- & & F = B AMHIEH, SLs
Fl n-KoMoOg 1T LAZE T 501 R4 15 - 73 41
SLs 1 n-KaMoOq $2 1341 1 SOD+ POD i 14 1
SS. Pro &, L AIUITHI 15 B I = 4 P B SR A P
a5 . For 0.10umol/L GR24+0.24mmol/L n-KxMoOs4
X SOD A POD {5 1% FI 2 3k H BA Sk MDA 75 &
SOEEAIEYE N IEE R

4 Eig

PrEmA Q2 fET R WA 5 F+F GR. GI. VI,
HE . 2K M SOD. POD k. SS. Pro & &5
T T28UHT AR 8§ 5, MDA Hy0x O 25
EKTZL 8 5. SLs. n-KoMoOys X T 5 & i F
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Effects of Exogenous SLs and Nano-K:Mo0Q4 on Seed
Germination of Brassica napus L. under Drought Stress

Pang Xingyue, Wan Lin, Li Su, Wang Yuhang, Liu Chen, Xiao Xiaolu, Li Xinhao, Ma Ni

(Oil Crops Research Institute, Chinese Academy of Agricultural Sciences/Key Laboratory of Biology and Genetic

Improvement of Oil Crops, Ministry of Agriculture and Rural Affairs, Wuhan 430062, Hubei, China)
Abstract  Drought stress is one of the major abiotic constraints affecting rapeseed (Brassica napus L.)
germination and growth. Using Q2 (drought-resistant) and Qinyou 8 (sensitive) as materials, the effects of
drought on germination and the physiological mechanmism of seed germination under drought treated by
exogenous growth regulators strigolactones (SLs) and nanomaterials (n-KoMoQO4) were explored. The findings
demonstrated that drought stress significantly inhibited seed germination, SLs and n-K:MoOs significantly
increased germination rate, seedling dry weight, and cotyledon chlorophyll content, as well as superoxide
dismutase and peroxidase activities and soluble sugar, proline, and decreased malondialdehyde contents. In
comparison to other treatments, 0.10umol/L GR24 with 0.24mmol/L n-K;MoOQ4 exhibited stronger mitigation
effects on seed germination and oxidative damage. According to this study, exogenous SLs and n-K2MoQO4 could
increase the activities of protective enzymes and the levels of osmotic regulators during rapeseed germination,
which improved the ability to withstand drought. The results indicate plant hormones and nanomaterials might be
used in agriculture.

Key words Strigolactones; Nanomaterial; Drought stress; Seed germination; Physiological mechanism
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