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BRI 24. 1% 37.0% 5 () H B4 40 R & BAES A T B3 T B a2 % 6 S WAL, MT 3t AMF
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Abstract

of Chinese rose (Rosa chinensis Jacq. ), and seriously affects their outdoor greening applications in high

[ Objective ] Salt stress leads to poor growth and development and decreased ornamental quality

salt environments or coastal areas. This study explores the effects of exogenous melatonin (MT) and inoc-
ulation with arbuscular mycorrhizal fungi (AMF) on seedling growth, chlorophyll fluorescence parame-
ters, and cytokinin metabolism, and analyzes their physiological and the biochemical mechanisms that pro-
mote rose to adapt to salt stress, in order to enhance salt resistance and expand the application of rose.
[ Methods ] The seedling of Chinese rose variety ‘ Yueyue Hong’ was used as experimental material to con-
duct indoor potting experiments. In addition, control (CK), 100 mol/L NaCl stress, root administration
of MT, and root inoculation of AMF larvae of the genus Claroideoglomus etatunicum and their combina-
tion were set to investigate the effects of each treatment on the growth of rose seedlings, chlorophyll fluo-
rescence parameters, hormone metabolism, and antioxidant system. [Results] (1) Application of MT pro-
moted AMF infestation of the roots of rose seedlings and increased the infection rate, bush growth rate,
number of vesicles, and invasion points. (2) Under salt stress, the growth of rose seedlings was inhibited,
and plant height, stem thickness, and biomass were decreased significantly. MT and AMF treatments in-
creased the height, stem thickness, and biomass of rose seedlings, whereas AMF+MT treatment had no
significant difference in plant height and stem thickness, aboveground dry weight and underground dry
weight were increased by 24. 1% and 37.0%. (3) Under salt stress, the chlorophyll content of rose seed-
lings was decreased significantly while chlorophyll fluorescence parameters were decreased, and MT and
AMF treatments could improve the chlorophyll content and chlorophyll fluorescence parameters. Under
AMF+MT treatment, the total amount of chlorophyll and chlorophyll a/b was increased by 46. 2% and
67.2%, respectively. PSIl maximum photochemical efficiency (F,/F, ). potential activity (F,/F.), ac-
tual photochemical efficiency (®Ppsy ), effective photochemical quantum efficiency (F,'/F,'), and photo-
chemical quenching coefficient (¢p) were increased by 4. 9%, 51.0%, 175.0%, 168.7%, and 92.5%, re-
spectively, whereas NPQ was decreased by 42. 7%. (4) Under salt stress, zeatin (ZT), gibberellin
(GA), auxin (IAA) content in leaves were decreased, whereas the abscisic acid (ABA) content was in-
creased. MT and AMF contributed to the increase in ZT, GA, and IAA content and the decrease in ABA
content. Under AMF-+MT treatment, ZT, GA, and IAA content were increased by 146. 9%, 116. 9%,
35.7%, respectively, while ABA was decreased by 21.1%. (5) Under salt stress, the activity of SOD and
CAT were increased, and the rate of superoxide anions (O, ) production and H, O, accumulation was in-
creased. MT and AMF treatments decreased O, production rate and H, O, content, while AMF+MT
treatment activated SOD and CAT activity, and reduced the rate of O, production and H,O, accumula-
tion. [Conclusion ] Inoculation with AMF, addition of MT, or AMF -+ MT treatment could increase the
chlorophyll content of rose seedlings under salt stress, protect the chlorophyll fluorescence system, main-
tain the balance of endogenous plant hormones, activate the activity of antioxidant enzymes such as SOD
and CAT, and reduce lipid peroxidation and H, O, accumulation, thereby reduce the damage caused by salt
stress to rose seedlings, promote rose growth, and enhance the salt resistance of rose seedlings better with
AMF+MT treatment.

Key words Rosa chinensis Jacq. ; salt stress; melatonin; arbuscular mycorrhizal fungi (AMF); growth;
chlorophyll fluorescence parameters; hormone metabolism; antioxidant enzymes
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1) 4 B A 5 5T 2 18 W E 500 £ 1Y = L R B
TR, P RS L R AR R 3 YO AN - 25 2R K
GEMENEW R A R AT R AER, 65 .
St IS 55 L i PR s AR 85 %0 ~100 %0 s 4 15
d JE AR A MY L Pk A K — B AT I 1 B A R AE
FH (8 30 cm, HAR 25 em) JE A 1 Bk, AMF
T Fh N 40 5 i BH BR 4% 25 (Claroideoglomus etunica-
tum) S W [ AT T ARAFE 2 e AR B 5 S WA
JT AR AR AR B BT Y L AR A L g
A 50 M, MEBEBRMD WA TTME AR
SAEY TRA RN .4 CUKM BG4, K
W NE R L TR 2 1 TURBLHD IR
A, 13 pH K 6. 93, FHLF &K 42.5 mg/kg,
EREER 5.2 g/ke, WA HM 78. 3 mg/ke,
HALH ol 46,9 mg/kg.
1.2 KEAE

IR = R 58 4 Bl AL X 4% i, R vk E
()P E 0,100 mmol/L 2 47K ¥, AL B 2
(AMP) 5 & R R0 2 DK BB (MDD
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SRR s PR bR R RO 2 H ZR 25 330 AR R R 25 0
F ZE AR 5 K e o 5 R R K WL
TR BRI 1= 3 K H T 0 A T o A 2 A PR
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GRS NN S N o L e R 1= 1B N
Jitt .
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B 95 % L WEE AT 3K L ek 8 e 25 JE R U'V-5200
LEHNY GG EE I 5 665,649,470 nm P K T KOG
JEAE ARG AR A ST 5 BT 4 R (P4 R a RNt gt
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F R O6 S R R R B IS RN S D E 1 B/ 5O (E
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B (F ) AT (FO, 8 PSI A SOG1k
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1.3.4 HAMESE

SR FH 80 280 €385 5 CHPLO) 52 A 20t i
Roa, BOERBOMM T S B k.
o RO € 3% A R S B A AR R R 24
Mg R Symmetry Cis (100 mm X 2. 1 mm,
1.7 pm) Sl AH Dy F IR K8 W, Tl 0. 25
mL/min, FR A 40 °C,#FFEE N 10 pL, 50K
WA R 254 nm, 7R% & (gibberellins, GAs) | i 7%
fi Cabscisic acid, ABA) 4 £ & (auxin, IAA) fil £
KE (Zeatin, ZT) AR B Sigma(USA) A H]
1.3.5 MAEESNAHREXEENE

R 2 AR kil sE . BAERTR A
3K (O, ) 7™ A R OR ¥ i 6 00 5, o 1k |
(H, O,) 7 5 R JH 5 IR BA 25 U 7 41k 9 B AL il
(SOD) 17 2R I 0 1O e (NBT) )6 i Ji 2 0 7, iod
AL SR CCATT) 3% MR T 58 AR WS 7
1.4 HiE4hE

K H Excel 2003 84 i 17 40 31 A2 K, R H
DPS 9.0 F1 SPSS 11. 0 G it 73 A F 247 H A 5R
KUK 2R J7 22 50 B L S 22 5 B 3 A 3 (LSR ¥ e =
0.05), FrPEUE ] -F X SRR,
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2.1 #HEpETHMEREEZRIAFRE AMF 23
REERHNEIE

M3 1A LLE W 7ER M AMF &0, & &b
BEJT ZEA R b 3 R A B P AR AR L A B2 R AMF
WG . H R R EARR YA AR A 2 R AL
B RS 15K 39. 3% ~46.7%.33. 0% ~38.0% .
6.3~9.0 cm ' MK 11.0~13.8 em ' WK, IFHY
DIMbFEZH 4S5 MT+ AMF %5, SS+AMF &1k, 5
REINEL A FEAH L, 100 mmol/L #h A3 H ZHE AR
(CR NN & e N YN R VA ClR R 3 SR NEE
JEREAR , (ELAS T MR A2 e 226 o R 38 3] W 3 K °F- . E A
AR JE R . MT 4+ AMF kb3 H Z R AR e R
KB A28 AR A UL BSORN I 38 55 24 A ) A2 B 1 T A
N MT AbHE, (0K 22 oK 38 3] 25 /K SF 5 76 26 1) 38 4b
R LSS+ MT+ AMF Ab 3 i1 M 12 Y R Ak &
Az AR L BRI B3 0 e SS+ AMF Ab B
P 10.7% .7, 0% .15, 9% A 12, 7%, {H B iE 4 R
W3 (P>0.05), A UL, 360 0 & mddl 7 H =R
ZHEMRRYH,100 pmol/L A J5 48 B XK fE AL vE 5
N AMF fR Y%,
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Table 1 AMEF infection of rose root system under salt stress

FHERIAE ) o o 1%/\&‘%5;%?51 R

Tt o Myeorial Cbusee hmpe ol Vesicles
rate/ %4 rate/ % /Cem™ ) /Cem )
CK — — — —
MT
AMF 46.740.8b 36.340.8ab 7.6+0.4ab 12.840.3ab
MT+ AMF 55.741.0a 38.0%£1.7a 9.0%0.7a 13.8%0. 3a
SS
SSH+MT — — — —

SS+AMF 39.3+0.2¢ 33.0%£1.1b 6.3£0.8b 11.0£0.6b

SS+MT-+AMF  43.540. 7bc 35.3+0.9ab 7.3+1.3ab 12.440. 3ab

#:CK N JE NaCl,MT ,AMF 4b 3, MT /8 %1 100 pmol/L 48 2 %
AT AMF 7R #0445 3 WI PR 38 25 A0 B, SS R #3100 mmol/L NaCl
SE3 . RSNAS TR NG Sk 3R b B ) 22 57 1 35 (P <20, 05) . “— " RIR KK
W, THE.

Note: CK, without NaCl, MT, or AMF; MT, adding 100 gmol/L
melatonin; AMF, inoculating with C. etunicatum ; SS, adding 100 mmol/L
NaCl. In each column. different lowercase letters mean significant difference
‘—’ means not detected. The

among treatments at 0. 05 level (P<C0.05).

same as below.

2.2 HEPETHMEREZNAMFXAZHEHE
< 19 5 M

2 WoR, A B4k 20 b BT T
FHE T+ B Y LA SS Ab BRI, MT + AMF #x
. 5 CKAHEL . SS 4b ¥ 7 2401 v 45 HR b AN [R) R
REARR AL ZEOR b 340 T 0 AR e L e s 36 3] Jd 5
K55 R 8. 496,28, 9% 13, 4% (P<C0. 05)

5 SSALBEAH L . H ZE 4 45 f5 AR 7E SS+MT,
SS+ AMF,SS+ MT + AMF 4k BT 34 7 [ 78 JiF 4%
T PR 2R AR TR B 1 1 24 R 3K B B KO L
Hb T 0 o R 3435 2 2 K OF L b BT T
IXHE SS+MT+AMF AbF R 14 05 B 2%, SS+MT+
VAN D S O S S R T B
24. 1% F1 37. 0% ;5 SS+MT.SS+ AMF 4 H A
. SS+MT+ AMF &b B8 H 240 1 -6 b 57 7 3
I AR R Gk 3 25 KO B R % ) R (CKD K
. AT ML,100 mmol/L #hHria & EF M & T A F )
B ZE ML MR T R A DL AR HE B B K AMF -
MT AbBRAE il K 2 2 1E % K F . B [5] if 2 2% 4i
HEHE AT R AR

2 HETHMNEREZEMAMFASHHE KM
Table 2 Effects of exogenous melatonin and AMF on the growth of rose seedlings under salt stress
b3 3 =M My b A H R T T A HL5e L
Treatments Plan} ‘helght Stem/dlameter ) lI))ry‘mass gj T)dry mass (1)}r ghRoct)t t(t>
/em /mm aboveground/g underground/g shoot ratio
CK 30. 27+ 1. Ibed 4.14-+0. 03abc 2.157+0.07cd 0.38+0. 02bed 0.17940. 009a
MT 32.4-0. 6ab 4,230, 06ab 2.62-+0.17ab 0.43-0.02ab 0.16640.006ab
AMF 31.7%1. 3bc 4.19-+0. 02abc 2.29%+0. 17bc 0.41%+0. 02bc 0.180=£0. 004a
MT-+ AMF 35.4+0.7a 4.324+0.08a 2.74%+0.12a 0.45%+0.02a 0.16740.004ab
SS 27.3+0.6d 3.79-+0.11d 1. 8740.08d 0.27-+0.03e 0.15540.005b
SS+MT 30.0=£0. 8bed 3.95+0. 11cd 2.24+£0.15bed 0.35£0.02d 0.158£0.009b
SS+ AMF 28.8+1.7cd 3.86+0.11d 2.187+0. 16cd 0.37=+0.02d 0.16240.009ab
SS+MT-+ AMF 30. 41, 6bed 4,04-0. 06bed 2.3240. 16bc 0.37-0. 04cd 0.16140.002ab
2.3 #HEMETINEREERM AMF XA F 4 &k Mg RATE SR a7 %R b Mt
FRESENEM v a/b W R 4y A B 45, 8%6.72. 8%, 14. 8%

AZEGEMGRLTE HGE a G g ER

SRR a/b ¥LL SS A B AL, MT + AMF
e (B D, 5 CK A Ee, SS b B 4 4 & 4% 18
PRIGAS TR FE BE PR, LIS R B i (4 K a it
IS 2 b P BRI A B B K B 13.1%,
10.6%F1 9. 0% (P<C0.05), 5 SSALFAILL, A Z
YIH 4 E & 5 FR7E SS+ MT, SS+ AMF, SS+
MT+ AMF kb $F ¥ 4 5 . SS+MT+ AMF &b

MRS 2 AE H K, H R 2 35 2 ik

67.0% ;5 SS+MT.SS+ AMF & #AH . SS+MT
+ AMF 4b 3405 7 &6 br A B8 (HAL 28 K a
FrE A a/b A B WK, B R E % IR
(CK)ZKF, AT, 100 mmol/L ihﬂﬁxi&ﬁ%ﬁﬂ%ﬂT
AFYHMSRLTE R a7 MR b &
AR a/b K, AMF+MT b 3 BE Jgﬁﬁ
Mo a T EM
FMME a/b,
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Different lowercase letters mean significant difference among treatments at 0. 05 level (P<C0.05). The same as below.

Fig. 1
2.4 HBETIIMNEREZMAMFXAZEHEHN
FERASHHNEZMN
m & 2 af A A Bt i PS I i Kot fb 24 &
FROR(F,/F ) PSTT AWM (F,/F,) PS5
ProGAb2f i FROR (s ) WPSTTA BB 25 T 5%
R(F,/F ORGSR R (g0 ¥ LA SS Ab 3
A%, MT + AMF & i, 1 JE 6 fb 5 ¥ K R 4
(NPQ) W A . 5 CK HH, SS &b 2 4f
F,/F,.F,/F @y F."/F.,"Fl qp YJA 6 FEE %
KA F/F, . F,/F, 1 qp BRI 2] 8 EKF,
Sl 3. 4% .16, 3% F1 19, 9% (P <C0. 05), 1
NPQ A Fr g, (H A 8 2] g F /K F-. 5 SS b A
. SS+MT,.SS+AMF,SS+MT-+AMF A # T~ H
B F./F . .F./F, @y F,"/F,"Fl qp TEHAN
[F) 2 B 4 v o L 88 0 K 2 58 31 I 3 KO L T H NPQ
W35 5 3 S FE,SS+MT+AMFE &3 F,/F, .F./F, .
Qs F.'/F . F g 0E 3 BIAH] 4. 4% .51, 1%,
171. 6%, 168. 7% I 93. 4%. , NPQ 1 [ @ ik
42.7% ;5 SS+MT.SS+AMF 4bFAH I, SS+MT
+AMF W34 F/F . .F./F, @y JF,'/F,
qp YEUEA NPQ R I8 235 3] 5 & K F, ¥R E =
CK /K, AT WL, 100 mmol/L & 8 i H 24 i
F,/F, F,/F,. ®w . F,'/F,". qp & & B& K A
NPQ & & 1, AMF+ MT &b B fik [6] IF 53 35 30 51

Effects of exogenous melatonin and AMF on chlorophyll content of rose seedlings under salt stress

XN 28 R G S B AL, il R B 2 EE
K-
2.5 HBETIHNEREZMAMFXNAZEHER
BEYESENZMN

HAZEGEH R EXRZEZD  HREFEEGA) FE
KZE AN F YL SS 4B A K. MT + AMF At
P A 5 o 0 V% R CABA) 55 0 R B I (3.
5 CK #HH,SS kb BE4NTE ZT .GA F1 IAA FH#A
[F) P2 BRI ABA & A3 T 3 i, {8 A8 6 35 5 5k 3]
BEKFE, 5 SSAHML, AE4H ZT.GA
IAA & H7E SS+MT.SS+ AMF,SS+ MT+ AMF
AP R BN [ R B 4R i ABA & BN E R R R,
GA B i 3 3 35 31 W & K7 TAA & 4 3 iR 7F
SS+MT Fl SS+MT+ AMF kb ¥ T ¥ @ %, 2T #il
ABA &8 THFEALAE SS+MT+ AMF 43T
#,SS+MT+AMF 42 ZT .GA Fl TAA 7 &1
W23 A 3] 147.5% .116. 6 % F1 35. 6% . ABA &
FIFENE A 17. 4% 5 5 SS+ MT.,SS+ AMF &b # AH
b . SS+MT+ AMF Zb B H ZE4h 1 ZT.GA 1 TAA %
TG R A A B 0 3 KOF L (H ABA B Ik 2 B 35K
SE, PR E & CK K, 7] UL,100 mmol/ L £5 fikia
W T H B4 ZT.GA Al TAA & &8 (88 K, {2 F
ABA 2R3, AME+MT b3 g% (i ik 2 &=
IEH K, BRI e ABA KF B TR



376 44 4

FJF,

¢PSIT

AbH Treatments AbFE Treatments
B 2 A T AN AR R R AMFE St H 400 4 Z 0S50 B2

Fig. 2 Effects of exogenous melatonin and AMF on chlorophyll fluorescence parameters of rose seedlings under salt stress
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Effects of exogenous melatonin and AMF on active oxygen metabolism and

related enzyme activities in rose seedlings under salt stress
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