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(LT ERFHEW S0 220, TE A1 750021; 2.7 H RFMol SE R, TE )11 750021)

 FE. DAGAEmER R AR AR B AR L BOR YL ik, T NaCl Fl NaHCOs 4% 1 = 1( it L) Be il
100 mmol/L & 5 Ehfsiab ¥R, X el bk /Nag 4l EA TR BB A B, X R B AN [R]¥ F(0.001, 0.010, 0.100,
1.000 mg/L)AMEGIZE R NBR(BR), LA H20 S X IR(CK), 58 BR XS siba T el it NG 4 i A 1< K A PR AR
SN, 25T SXTREA R, FeEhadbhia R AN 0.100 mg/L BR, ZIRKVTH A kL3 i FoAx 27K
FOBHRE T 8.11%. 16.95%; SPAD {H /51N T 9.55%1 13.97%; AR HL SR MBI T T 27.63%F1 24.69%;
P E(MDA) & 5405 T RE T 41.24%F0 67.38% ; ffiZ B2 (Pro) & it 43 B4 1 86.49%F1 69.46% ; 1 A AL S i (CAT)
TEPET MG R T 16.25%7F1 18.14%; 2L AL YIRE(POD)IE M43 HIME K T 46.15% 71 68.38%; i A AL IE (L (SOD)
TR R T 12.36%F1 16.32%; HTIA i B L A AR APX) T 1453 53K T 76.88%71 95.04% ., 4NN 0.100 mg/L
BR AJ LA AF b AR SEER BRIA T MO NS A KR, BRI RSN, s A R e, TR S
GRS SRS B, LR B R e SR a7 ) SRR B

X OB I FH/NG SMEISERAER: SRk A SRR
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Effects of brassinolide on growth and physiological characteristics of
chrysanthemum seedlings under saline-alkali stress

WANG Lingling!, HU Taotao!, ZHANG Xinyi!, MA Xiaoyuan?, ZHANG Li!, JIN Lei?, YAN Rui'"

(1.College of Wine and Horticulture, Ningxia University, Yinchuan, Ningxia 750021, China; 2.College of Forestry and
Prataculture, Ningxia University, Yinchuan, Ningxia 750021, China)

Abstract: In this study, the salt-tolerant chrysanthemum cultivar ‘Xuanqiu Jiangyue’ and the salt-sensitive cultivar
‘Xuanqiu Duran’ were used as test materials, and NaCl and NaHCOs were mixed with 1 : 1 mass ration to prepare a
compound saline-alkali solution at the concentration of 100 mmol/L. The seedlings of chrysanthemum were treated with
saline-alkali stress, and the leaves were sprayed with four concentrations(0.001, 0.010, 0.100, 1.000 mg/L) of exogenous
brassinolide(BR) with the H20 as the control(CK). The effects of BR on the growth and physiological indexes of
chrysanthemum seedlings under saline-alkali stress were studied. The results showed that compared with the control, the
relative water contents of the leaves of ‘Xuangiu Jiangyue’ and ‘Xuangiu Duran’ increased by 8.11% and 16.95%,
respectively, and the chlorophyll contents increased by 9.55% and 13.97%, respectively, when sprayed with 0.100 mg/L
BR under saline-alkali stress. The relative conductivities decreased by 27.63% and 24.69%, respectively. The contents of
malondialdehyde(MDA) decreased by 41.24% and 67.38%, respectively. The contents of proline(Pro) increased by
86.49% and 69.46%. The activities of catalase(CAT) increased by 16.25% and 18.14%, respectively. The activities of
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peroxidase(POD) increased by 46.15% and 68.38%, respectively. The activities of superoxide dismutase(SOD) increased
by 12.36% and 16.32%, respectively. The activities of ascorbate peroxidase(APX) increased by 76.88% and 95.04%,
respectively. In summary, exogenous spraying of 0.100 mg/L BR could better promote the growth and development of

chrysanthemum seedlings under saline-alkali stress, improve the activity of antioxidant enzymes and the stability of

biofilms, thereby alleviate the damage of saline-alkali stress to chrysanthemum seedlings, and the alleviation effect of

salt-alkali damage of salt-sensitive variety ‘Xuangiu Duran’ was more obvious.

Keywords: chrysanthemum; exogenous brassinolide; saline-alkali stress; physiological characteristic

%546 (Chrysanthemum morifolium Ramat.)/2 [
T RAEG A AEFN AU K AE 2 — O, ARG R 7
KO IAS . 23k, Ko s Mo NG SEE,
MM IRAERIAN TASCE RIS, HAC AN
RERER/N . RRF SR, R MG SeAE TR, Sk
M, BEACTENTIE S ER i X AR B I, 25 5 R Sy
HIMFEERAEAR, SRR TR 5%
RS, HHERAERRTME, 51 AR PR
R, W98 3 AT SRR I TR 2G5 2 £k el iE
TSR AR TR EAE 52— TR N
ik (brassinolide, BR)JE—2HM2RIMR , ‘EAEMY A
A=Y A TpUL oy pTiif v =g e (AT L w= RN
e fita=2% , mHARKKE , SNE BR XTHHY)
ERE MRy BRI KRR Fanl. R
BISE ZFPEY) A HGE , (R 2 BRI pMa
G AEH T A AR AE B sE e K R AL B A A
THRE . ARger, PRI EE BR X EhmsE T 45
R AN AE R AR 52, DU R RR 822
fif S ACERTRUIIE B i BR WREE, SR muih X R el
MUNETRAEENE SIS

1 #MRISREE
1.1 #E

DA Bl AR INB R b < A0 BT FOER ABUR
ARG FRIe AR, T 2023 4 2 A7E T EAR)
FE A MY R bl X (5 22 Bl 25 e\ el ) 9 28 R A 7
SE N
1.2 &

FREL NaHCO3 1 NaCl [k A, #2 1 : 1 Bicdil
% 100 mmol/L i 52 & ER AL P . #EH 2.5 ~ 3.5 cm
AR R KSR, FH6G TR, FFH
FAARIFEIT 6~7 HEME, PIE AR PR
LEFRAG LA , 35T 18:00 B I TEIMEHEA [ E BR;

XTRRZ(CK) B 5 17K B 2 d gt 1 7k, Heidba
10 d, FMAERES 3k, BAEKE 6 MR, i
IS 6 MbHH: CK, W HoO; YJ, 100 mmol/L £h
B ; T1, 100 mmol/L #: 887 + 0.001 mg/L BR;
T2, 100 mmol/L #:fi& + 0.01 mg/L BR; T3,
100 mmol/L £:5fik+ 0.1 mg/L BR; T4, 100 mmol/L
EhH+ 1.0 mg/L BR.
1.3 $ERNE

KGR 0.1 mg AL TRl e A i, i
B ; SEERRERE, RAR LN 2
K ED, SRAEAIARE A E POD &k,
2 BEEKIA 2ROV Jy v A L R (REC) ;. R
TRAC T 2RV E N E(MDA) & 15 2R
Fb o v 0 7 T VA B (SS) & i s RS ik
G-250 e PIPE R 1 (SP) & s IR
RN & (Solarbio) I 42 il 2 B2 (Pro) 1% 1t 5 >R
SPAD fEH#EA M2 20 - SPAD fi; >R
RAE UL E SOD 61 ; S M4 4 A4 MYy
FE CAT it i Flad Ak S (APX) kil iRl
(Solarbio)ill & HT A il R B (APX) 1 14 o
14 HRGIHS SR

iz JT] Excel 2022 #1 Graphpad Pism 9.5 #4744
3T, HIEFIRIZ; 8 SPSS 26.0 HEAT B E M)
Bl F 5853531 -

2 HR55H

2.1 SNJR BR ITEEMNE TR 4B =B
EERFMN
AP LRI 1Al Y il s A ] ARk
H PR g kAR KA E, 5 CK AL, 48
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ERIHBARIREE R RSk . ZERRIR, HbE i
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L, ERBURSH R A RO Y 2 B TR . Sb
PRI AN [ BR A8 1 2 SR A6 4 v
ERHRIA B2 E SR, (BRI AE 2SR, Hi,
UBIT AE T3 B T AR e, 5 YO ML,
PREEIN T 4.77%, Bk TREIEN T 43.48%, i}

FELLIEIN T 104.35%, T RS Y 7E T2 b3 4%
FRARRE ey, MREEIN T 20.69%, FAAKT RGN
T 43.48%, M N T 110.000% ., 1X L4k HLTHA
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E 1 EHEAHE TN BR AIRMFE A BRI FREY

Fig. 1 Phenotypes of chrysanthemum seedlings under exogenous BR treatment and saline-alkali stress

F1 HWEMETING BR LEBHNFEENENEY=E
Table 1 Biomasses of chrysanthemum seedlings under exogenous BR treatment and saline-alkali stress
RRE Jb g PR lem ke Bi/g HbkT B /g HEE L

QI N CK (4.7020.10)a (3.7940.83)a 0.3940.28 (0.5340.18)a
Yl (3.9840.07)c (2.5240.50)b 0.23#0.11 (0.2340.04)b
T1 (3.1420.12)e (2.6840.50)b 0.2540.19 (0.3640.06)ab
T2 (3.5420.05)d (2.9840.43)b 0.2840.25 (0.4149.13)ab
T3 (4.1720.07)b (2.16+1.00)ab 0.3340.31 (0.4740.17)a
T4 (4.1320.07)ab (2.03+1.52)ab 0.2840.18 (0.3540.17)ab

RO Y CK (3.2140.03)a (4.1441.00)a (0.3240.15)a (0.4940.26)a
Yl (2.6120.02)d (2.4840.57)b (0.23+1.53)b (0.2040.02)b
T1 (3.100.04)ab (2.6040.45)b (0.2842.30)b (0.2749.10)ab
T2 (3.1520.13)a (2.1340.50)b (0.33#%2.31)a (0.4249.15)ab
T3 (2.9140.17)bc (3.2040.44)ab (0.24+1.82)b (0.38490.10)ab
T4 (2.9040.11)bc (2.7040.22)b (0.20+1.36)b (0.3340.07)ab

(i) — it b ] 51 AN ) 76 7 b B i) (9 22 57 St 12 1 S (P<0.05)
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2.2 SN BR STELFEAMNE TR TEK TR TR
ey 0pA)

M 2 v, 5 CKAHLL, 78 YI WAt T,
AR HIR SRR RE T 12.94%, ARGy
MG KE TR T 24.36%, AR FI 4B
U1 SPAD {E415] R T 10.82%71 16.61%. S
WA [ BR $32 0 1 2 A Al s A4l i i
JKHEEFI SPAD fH, 7E T3 Ab3 N H & ik BlR K,
Bifi J AEX 7K A1 SPAD fH X B TR, TTEERE
H1 52 21 8 B 10 A S I Jo e T 3 v U R T
JIrE, T3 ALRES SRR BN, 15 Y et
HAHEL, AR H A ARG it Ao A 5 K &y
SRR T 8.11%.16.95%, H: SPAD {HI /I T 9.55%
F113.97%. HXHERUE AR AR G $h 82 F 1Y
IRRCR T W]

% 2 HWHHMETING BR LIBRFELEAIKS K
RFMERRESE
Table 2 Water status and chlorophyll contents of chrysanthemum seedlings

under exogenous BR treatment and saline-alkali stress

i i AP X EK (g 9 SPAD fif
MFITH  CK (0.8540.04)a (47.8040.43)a
YJ (0.7420.02)b (42.6320.72)c
T1 (0.7520.02)b (43.3340.89)c
T2 (0.7620.02)ab (45.23+1.42)b
T3 (0.8026.06)ab (46.7040.45)ab
T4 (0.7420.05)b (46.5040.30)ab
AFZ YL CK (0.7840.04)a (44.37+1.10)a
YJ (0.5920.02)c (37.0040.72)d
T1 (0.6020.02)c (41.4320.40)bc

T2 (0.6520.05)bc
T3 (0.6920.01)b
T4 (0.6320.06)bc

(7] — fin e [R] 4) AN ) 5k 7 Ak B A] B4 22 5 A 2478 X (P<0.05).

(42.7020.72)b
(42.17+1 55)b
(40.2320.40)c

2.3 hNE BR XEEEME TH L4 @ RAEEXIE

M5 RE S RIS

M 3 Al%l, 78 YI PRashB T, 4Rkt h”
FHXTHL %A CK AN T 230.43%, “ZIRRYY
AR L 5 %A CK AN T 88.37% . #1NJG it AS[F]
WE BR J&, 16 T3 AFE AN B SR fE B AR,
5 Y3 B b EEAH L, ARKIT R AU RO G AT
HL SRR T 27.63%F1 24.69%, LA F45H%
B, ShAdn it — e W EE R AN BR T AR
AR T, R RSNE, (B BRIk

JEREE, ATRE SRR A B A
e Y MRAKER, 4iRkyT A Ay ROy

MDA & EF LJt, 5 CK M mT
110.78%7FH1 212.38%. Mt A~ [Flvk B2 1AM BR J
5 Y ARRAHEE, T1. T2, T3 Hl T4 ACFRAERRM: Fr
() MDA i 228 TR, “4URKIT H MDA 55435
BE T T 8.68%. 33.49%. 41.24% ., 24.19%, ‘4
BORYefE T1, T2, T3 ALBHJG MDA & i i 3% F#
T 12.58%. 44.60% . 67.36%, T4 AbFET MDA &
X BT, ATRERSZEN T R BR FIER G YA WL
A TS UL, T3 kbBRXFLEAR 2 NS A2 IS
B A ER B SOR A . AR ) MDA it
TR KT 4B, ULIABHESME 0.1 mg/L
BR X ERfg A T ARG AR

% 3 HEMETINE BR S IBMFIIEAIE R FAEAE

*iEM SRR AL
Table 3 The relatively permeable and membrane peroxide of

plasma membrane of chrysanthemum seedlings under

exogenous BR treatment and saline-alkali stress

h A AhF XL S /% MDA £ /(umol-gt)
HRKITHA CK (0.2320.02)c (3.0620.09)e
YJ (0.7640.02)a (6.4540.37)a
T1 (0.670.10)ab (5.890.15)b
T2 (0.5740.04)b (4.2920.08)d
T3 (0.5520.05)b (3.7940.41)d
T4 (0.7610.14)a (4.8920.20)c
BRY  CK (0.4340.07)c (5.0940.24)e
YJ (0.8120.09)a (15.9020.12)b
T1 (0.7320.01)ab (13.900.47)c
T2 (0.6520.10)b (8.4940.05)d
T3 (0.6120.02)b (5.1920.04)e
T4 (0.7320.05)ab (17.901.80)a

(7] — it ) 5 AN [ R b BRI (9 2 57 A7 e 27 78 S (P<0.05)

2.4 4NE BR XEMEBNE THESESIE BT

FREF 0

M2 4 0J1, 78 YI WRaAbBET 2 AP e
LT Pro. SS &t CK B3 F T, MBIt
BRJG, ‘IR FABIS YL [ Pro &g,
16 T3 PRI IR BN KA, AR H A A BOL
e Pro o A CK A9HE R T 86.49%7F!1 69.46%,
HffEREES ., HSS&HEE Y, T1, T2, T3,
T4 NP8 25T CK i, 7 T3 AR, 4k
TH H SS Sk, & YI AbHRsE T
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TRFRAE ISR ANBRXTERBRUPIA T 39 £ B AR S A B 1 R R 59

101.06%; T 2R G SS R 7E T2 AP T A3
K, B8 YI AL FRAGHE AN T 110.91%., 5 SP S &,
Y I WRE X 2 4> SRR LA 1 SP Fr B U0 B
Wi/ 0.1 mg/L BR B, 4yRkiTH Al
Y'SP Eat kB EME, Al CK s m T

42.13%., 51.19%. DL IZ55EH, BiisMNE BR ]
DISE S i iie 2 tE g it R s E R
i, M IANE &R, femEhmhayit:, B
X ER U R RO Y ER 087 T RS AT

F 4 EEEE THNE BR BN AN ENSEATIRSE

Table 4 Osmotic regulators contents of chrysanthemum seedlings under exogenous BR treatment and saline-alkali stress

s b3 Pro & ft/(ng gt) SS & f/(mg g) SP & /(mg g)
LHFKITA CK (105.44+.32)d (4.24.61)d (21.27+1.59)c
YJ (186.63+2.19)b (7.5540.66)c (24.10+42.25)bc
T1 (192.2145.70)a (10.54+1.32)b (26.70+1.90)bc
T2 (194.2141.86)a (13.14%2.06)a (28.30+1.24)a
T3 (196.63+2.19)a (15.1840.99)a (30.2342.55)a
T4 (155.09+2.30)c (9.2241.33)bc (21.60+2.20)b
ARG CK (121.02+1.50)d (3.4940.58)e (17.66+2.85)c
YJ (133.2043.98)c (6.5140.63)c (20.20+2.16)bc
T1 (195.0741.67)b (9.7240.90)bc (23.7140.95)bc
T2 (203.6140.53)a (13.73+1.40)a (24.10+2.25)ab
T3 (205.084.48)a (12.20+2.73)ab (26.70+1.90)a
T4 (191.85+2.66)b (8.941.00)cd (19.5141.85)c

(5] — i [R] 41 AN ) 5 7 Ak BRB] B9 22 534 BE 2158 L (P<0.05).

25 SME BR XTERMMME THESEHMAILEE
kDA
T T 2 A I 25 7 A2 R TS P4 (ROS)
HYIARN &4 SOD, POD, CAT %5, # B FHisatg
VIR B HEE ), dEFFEYIE R A K . &R 5 al A,
YJ hb3Zs5 15 SOD, POD., CAT Hl APX i
PETFES s Wit R HE BR J5, M SOD ., POD,

CAT. APX i&thdE—Fm, 7E T3 AbF T HERE I
RERKAE, 5 Y WRaAbEAI L, <40FkVTH "POD
TR B R 46.15%, SOD il i 1 i) 12.36%,
APX TEI: R R 76.88%, CAT TH1E B HiEes
16.25%; ‘ARG 1) POD v M i 2512 =5 68.38%,
SOD IH 1B EIRE 16.32%, APX &5
95.04%, CAT &R %5 16.58%.

&5 EEHMNE TINE BR LIBHMR L EME WEEMYE

Table 5 Antioxidant enzyme activities of chrysanthemum seedlings under exogenous BR treatment and saline-alkali stress

- POD i 1t/ SOD {& %/ APX i/ CAT it/
" AR (U gt min?) (U g (U gt minY) (U gt min?)
AT A CK (3.1426.30)d (419.58+10.87)d (3.3840.30)d (93.904.30)d
YJ (5.596.92)c (487.4043.90)c (8.0020.88)c (116.1122.94)c
T1 (6.1920.17)c (505.44:416.30)hc (12.6320.10)b (122.4043.58)bc
T2 (7.2320.05)b (522.0646.91)b (13.5140.77)ab (128.97+4.18)ab
T3 (8.1740.31)a (547.66+15.29)a (14.1530.14)a (134.98+4.79)a
T4 (7.0140.12)a (492.0747.87)c (8.81+1.44)c (125.9843.82)b
RIS Y CK (4.5740.26)d (381.7614.72)d (3.4240.11)d (87.42+1.82)c
YJ (5.6340.11)c (453.9546.61)c (6.851.61)c (109.4343.29)b
T1 (6.230.65)c (492.92:411.11)b (9.14:41.30)b (113.0340.12)b
T2 (7.2346.05)b (512.44:414.30)ab (10.3820.45)b (126.18+4.75)a
T3 (9.4840.13)a (528.02434.35)a (13.361.20)a (127.57+2.82)a
T4 (6.2340.65)c (402.85:12.37)d (9.2640.61)b (112.606.60)b

(i) — b ] 51 AN ) 6 7 A B i) (9 22 57 St i3 1 S (P<0.05)
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PSSR, Ehpiia T e BR AT LA i FE AR
INBG PR TE PR, DA i AR/ N B X g
(TR S20E, HAME 0.1 mg/L BR X} 4RI Yy £hu

®6 EMNRERS DGR
Table 6 Principal components and rotational load matrices

after principal component analysis

b Rl
JWiE B R s SR I T PC1 PC2 PC3
o . . LR 0.885 -0.316 0.251
26 EWHW@T$E7&E9|‘7J§ BR QEE*$IJ\% PI'O/E'\E 0.819 70_259 0402
MEEIBIEFRER ST T i e I 0782 ~0.208 0.498
o CAT ¥t 0.730 0.666 0.065
A : Ak
YA I A AR 15 N EFREA T A p—— 0725 0578 0.148
AT, PREURAIE(E>1 19 3 sy, HAFEE 25 F ikt ~0.720 0.425 0.090
% 6.913. 5299 . 1.207, j%ﬂ»jf%ﬁﬁﬁjkgﬁiu Rk -0.713 0.525 -0.274
POD i 0.691 0.536 ~0.346
AN - T Y
89.462%, FFEIrHTER. R 6 AIAL, 55— F My APX i 0.688 0.657 0223
(PCL) FHLE 4 T AR  Pro &4k . CAT 1% . POD SP it 0.385 0848  -0.083
WM. APX JEME . SS FEERARIER; T E MDA & f 0.502 —0.757 —0.055
SOD 74 0.578 0.756 0.040
A=Y P=R T 5 A EL
WAL T SP ik, SOD ik, Mg &R, SS W 0s0r  or oosr
TRAERER, BEFENSFEELEA T Prod SS friit 0.636 0.709 0.146
B BRESFERRA(E B MR F=0.460 89F1+0.353 28F»+ al] 0560 0514 0508
. e AFELIN, FEAE 6.913 5.299 1.207
0.080 45F s, JHAT ) 5 ALY ZE S35 AR 7 AL 7 2 TR 46089 35328 8.045
BN TEA R B BR AN T 4S54 HEA K R TRR%  46.089 81417  89.462
W T3, CK, T2. T4, T1. YJ.
KT EESNEABHYRHA
Table 7 Comprehensive score and ranking of principal components
Y
45 ERARA Y iy H 4,
Fi F2 F3

CK 1.878 0.788 0.404 1.176 2

YJ 0.547 0.313 -6.303 -0.144 6

T1 -0.081 0.799 1.005 0.326 5

™ -0.384 2.368 0.610 0.708 3

T3 0.197 4.242 0.412 1.622 1

T4 1.615 ~0.673 0.671 0.560 4

3 HR5Tie

R AR BR AR A K R B ) R BEAE AR
Polihit IR 3 2 —120 3 3 MR (BR) & — 2R M0
SRS IR R, R . R NI
N7 TR A AR WL, ARafseh, Ehidiia
PR G A S A B AE R I IHIVE R, NIRRT
[ BR G2 T 2 /N Fh 36 0 £R it 37
AR, PRI TEMRER. 2 ASEFEE1EZ 2000
B, RO X BR AR R T AR
UETE SR R AR S A, W5 BR XU R i 1
BEORAT K SHU SEMIBESY K BUE I 5% K 9 TR BEVR
% NaCl XIfEr i . 2I5mEsE &8, NaCl
38 it FHA M S 2R N TR, AT LA 808 hn g I
R K RGN R B, FEERRbE

I M 3 P R ) SIS SR PN T TR s K R 4
B e R R AR, B BR AT R
30 BE AR NSRRI S K A SR R i, R
IR VAN SRR =N T2 STER N D NS 2258 N

AR, N B (MDA)J 2 I A i
ALY 2 —, HE RERERE S WA AR i 4R
b, SRE ARSI AR, [RITeR
WAAE I HLER RE T B — D E AR bR . ABFTRERE
B, EREEE S AR MDA S B, Xt
2 AR A AEI O, FEER BP0 )5 SN it
BR, i MDA &R TR, SLIEIIMSERN
PR RESE AR b 3 A 3, HL ARG FEmE
JAME BR ZJ5, MDA & FREIREEE A,
BR XHEUE AL P IO BT

2R (Pro) AR AR N 2B B o,
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TR N RS SR8 T 25 1840 v AR 1 e A PR A2 W 61

ERENS BB LR B A AN 2 R 18T, A
I, YIMAT 24> S AR B Pro Y
B IR W E T, Uil BR XS AG AL T SR A R
WeVEF . RIv Mo (SS) o —Fh B B (K35 1B Y [N
F, ERETEMRE T YERF ML N A5 B A, PR
PPN M R BT G, DT DR AE K e 5 e
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