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Abstract: The effects of arbuscular mycorrhizal fungus (AMF) Rhizophagus intraradices and exogenous mel-
atonin (MT) on the growth and physiological metabolism of cucumber (Cucumis sativus) cultivar ‘Jinyou 35’
seedlings under low temperature (12°C/5°C, day/night) were investigated in an illumination incubator. The re-
sults show that low temperature stress obviously inhibited the seedlings growth, increased relative electrical
conductivity and malondialdehyde (MDA) and abscisic acid (ABA) contents, and decreased auxin (IAA) con-
tent, while AMF inoculation and/or MT spraying treatment could promote the growth of cucumber seed-
lings under low temperature, increase the activities of superoxide dismutase (SOD), peroxidase (POD) and
catalase (CAT), as well as the contents of proline, auxin, gibberellin (GA;) and zeatin riboside (ZR) in leaves
of the seedlings, and decrease relative conductivity and the contents of malondialdehyde and abscisic
acid. Among them, the treatment with AMF + MT had the best effect on improving cold resistance of cu-
cumber. It is concluded that AMF and MT can improve the cold resistance of cucumber seedlings by in-
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creasing antioxidant enzyme activity and osmotic regulation ability, and maintaining hormone balance.
Key words: arbuscular mycorrhizal fungi; melatonin; low temperature stress; cucumber seedling; physio-

logical indexes
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M B AR B (arbuscular mycorrhizal fungi, AMF)
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52020),
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AMF, )72 H A 5 31 2 1 35 A B0 (43 A0 x|
TE312017). HFh AMFRC & it FH AR R e 5 2 42
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A DA s i ) 7 2 A TR (Lin552021); it o 4
VR K ¥ 8 (salicylic acid, SA)AC & 2 fith K 3R & 5
(Glomus versiforme) i] LA %42 = 25 it (Lycopersi-
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Renker & Buscot) C. Walker & A. Schiif3ler 2010;
B X 1220171, HE B R K2 AR A H
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2796 0004 Fh 3 A7 Gl 2k AR B 2:2007), AN
Tl 49 Ak 38w ) o 5 AMIF KB B2 Fo 42 S R, DA
PREFHARTI AW X F— B, 20 A T 77 v 7 8 o S5 0
e 45 R, AR 15 0 4b 7t Hoagland & 77K
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1.5 EIBIRARNE

FHXT L5 IDDS-11A L 5 A (R 25X
TNERABRAE) I, Nl SRR &=
E ALY B AL i (superoxide dismutase, SOD). T 4
1k, W) i (peroxidase, POD). i %8 1k & fiff (catalase,
CAT)IEPER 2 fE £ 5 42(2006) ik 771200 7€
1.6 HEEENE

KT S AR R 2 0 S 6 = (1) pH 36 [ 2 A
N AR = RS R1290/6460 11 = 55 DU AR AT 73 B

FAASCIN & #: it o 1) o K 3R 4% HF (zeatin-riboside, ZR).
715 2 (gibberellic acid, GA;). 1 2 (indole-3-acetic
acid, IAA). i 7% % (abscisic acid, ABA) & & . #EHL
7S5 S S IR 55 (2014) (1) 77 V2 FF AR 48
S SR A I PA S .
1.6 BiRGEIt MR

% FMicrosoft Excel 20195856 Z g #4704
&, FIHDPS (v7.05)8 AT 1#E47 7 Z 50 M, K
/N I 2 75 B35 (least-significant difference, LSD) 3
ITZHE K.
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2.1 AMFFI#EEZMRRAE T RIS £ KaY

A

I W E B A 7 RS AKGRD: 5
CKAHLL, LTAb PR 2 25 PRAR 7 PR 256, e
AMF /5505 jti R 28 3% (2 ik 7GR T 2l v i AR K
SefR AT S I . ST AH L, LTA
LTMAILTAM AL #3525 38 0 1 %) 1 ik v A 256
HALTAMARBE () fk . 22 ER s, 20 ) LLLT AR 2
PR 79.95%. 64.10%., LTAMAL B 1) B AR 12 Y%
SLTARFRAR TIOR3 22 5, (B =335 B3 = TCK.
LTAILTMAL 3, LT, LTA. LTMAILTAM b 5 1]
MR et LA R B S CKA L E BB ZE 55 . MR &R
T 5y M 2 W, et AMFGHER 0 52 i 3 25, X T AR
YL ZEAH M AR 2, KRR & L AH W FR e
B E R W R B R R Ry SRR R AR R
X B AR AR BB H T 4R BORTAR e LG TG B 3 R
M A2 BAE S AR Ge e, thmr. 258

F1 AMFFMEEZSHRIEME T ER L EE KB

Table 1 Effects of AMF and melatonin on the growth of cucumber seedlings under low temperature stress
ot 1RYLR /% ¥rE/em ZZHl/em R MRt b
CK 0° 25.49+0.33" 0.57+0.03" 0.36+0.04° 0.33+0.01°
LT 0° 22.10+0.42° 0.39+0.01¢ 0.26+0.02° 0.36+0.03"
LTA 40° 23.64+0.26° 0.50+0.02° 0.32+0.01° 0.37+0.01°
LTM 0° 23.51+0.30° 0.54+0.02° 0.34+0.07° 0.42+0.04°
LTAM 48" 24.30+0.18" 0.64+0.01* 0.32+0.03" 0.32+0.02°

E AR (B 1~5F k)., Bl —45474K48 0 AR B F AR AT £ 5 2 3 (P<0.05).




AR A IS T AR B T A M RAR 2 B v BNV P A A B A Lo 1257

H TR BN & L8 T B35 R (K 2) .
2.2 AMFAREZMTEEME THRSEREL
&1 OS2

IR a4 w1 B R4 P AL e
TETE, BB AMF AT/ sl me it 4R 2 24 [ R B 4 v
KI5 R A POD. CATFISODE 1, SLTACFEAA B,
LTAKCH & 2 42 = 1 -y PODYE 14, LTMAL#LR 2%
$E i 7 PODMICATE M, LTAMALEE R 48 5 1
I/ POD. CAT F1SODE £ ; H 1 LTAM &b # 1)
POD. CATHISODYE M & i1, 73l EELTAbBR$E iy 1
16715 1.84f5F11.28F5 (). MK ZEF Z ik
. $:Fh AME XTI PODYE M f2 0 &2 3%, % CAT
HISODE M 52 Wi B fi 2, W5 it #ilk 76 25565 i /7 POD

#*2 AMFHRIFRIERXHKIEME TR E & KiEkR
SN ERFESHT
Table 2 Two-way analysis of variance of the effects
of AMF and melatonin on growth indicators of
cucumber seedlings under low temperature stress

et A M AXM
1Ry 121.00%* 1.00™ 2.67°
R 7.66% 9.77%* 1.52"
ESii 840.05%* 440.50%* 0.16"
FINEEE R 1.27"% 0.36" 0.76"
et Lt 0.01™ 0.72" 3.25™

RFHAE A T ESMFIA. A: BATAMF; M: "% 3648 2
% AM: BAPAMFE R 2%, " RREH; % RH(P<
0.05); **: # % Z(P<0.01). £3F] k.
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Fig. 1 Effects of AMF and melatonin on the activities of antioxidant enzymes in cucumber seedling leaves under
low temperature stress
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CATHNSODE 4 52 M Bl I 32, 11 P 2 128 BLATE FHXT
4TEPOD. CATAHISODYHPETE i E52M(K3).
2.3 AMFFIREZIMKEME TELMETRA
A=

(TN SERTE S b W Y ey Y et 5y
&, R AMFFI/EE i 4R R 2 53 PR T IR
JiE T S B, AP LTAMAR B R Py — %
FrERG, TLTA R RS 1763.66% (El2). XA
BN ZE TR W, R AMP ol it 4 22 256 TR
TS R A R, T PR RS EAR X
W& EL R E R (ER3).
2.4 AMFFIAREZRIMEEME TR EMHF1E
SRS E N

IR W iE 25 4 v 1 B A i AR HL
2, TR AMF AN/ B30 it i 2 254N [F)RE R PRI T
R R i AR S % SLTAREAR L, LTA
FILTAMAb 1 35 i ¥ 35 P A HEL 32 e, o
LTAM Kb B (1) % 5 e 4, EELT A B FAAC T 21.72%
(BI3)o XU J7 2253 iR A, 45 Fh AMF B0 it 18
LT I R RE G FRL T R R e A Y T AL
AR X P AEGS R R S 3 R A (3R 3) 6
2.5 AMFFIMREZIHKEMIE TR &M B
Bl g0 Al

IR e B AR v T SR hER

#*3 AMFHRIHRE RZXHTEMNE T R4 & £ IR EHR
FMPNERFES
Table 3 Two-way analysis of variance of the effects
of AMF and melatonin on physiological indicators of
cucumber seedlings under low temperature stress

Bl A M AXM
POD 4.91%* 14.22%% 377
CAT 24.60%* 64.96%* 0.44™
SOD 84.07%* 157.71%* 0.05™
[ 53.23%% 58.35%* 1.05™
FHX L G 12.12%* 8.50%* 2.87%
&R 9.38%* 10.20%* 7.14%
TR 256.10%* 1 024.42%* 0.04"
ik 840.80%* 191.16%* 0.05™
KRR 56.02%* 17.31%% 0.47%
ZR 2.56" 2.10™ 14.27%%
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Fig. 2 Effects of AMF and melatonin on
malondialdehyde content in cucumber seedling
leaves under low temperature stress
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Fig. 3 Effects of AMF and melatonin on relative
electrical conductivity in cucumber seedling leaves
under low temperature stress
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2.6 AMFFIRE R MK IEMIE T EN4E AR
ZEENF

IIRE 3 MG A8 2 o A e s,
A AMEFI/a50s it 48 2 25 AN R FE B 3R v 1 1 7
HER SR, SLTAFEM L, LTMALTAMALFE R
R EREEM, HPLTAMGE FARERS
e, ICLTARESE & T 19165 (KI5-A). XK ER
75 243 W2 B, At AMF B0t vl BB 2060 H F R
RO, T RS BAE R R
RO ELREMIER3).

L5 R BEAE L, IR e 0 T R4
B A VR TR 5 &, T HE PR AMIF R/ Bl s it i 2 3
2 FRAK TR N R &, LTA. LTMA!
LTAMAL T i ¥ B2 5 &0 AN LT AR B (1]69.97%
49.01%H124.22% (E5-B). XK 2 7 2 0 W £ W,
FPh AMF B 5% it 08 2 2% 6F 1 1 JE V6 R 55 e S v A%
3, T B RS BAE R R B TR B
HRM(FR3).

(N SERTEA S I YINATE L Wae e S
&, MR AMEF/ET it 2 2 W25 50 7GR
BRHAAEKERSE, HPLTAMGE AR RS
i, HCLTARERSE = 1 96.44% (B5-C). WUH R
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Fig. 4 Effects of AMF and melatonin on proline
content in cucumber seedling leaves under
low temperature stress

05 Ay M WY, PRt AMF B it il B2 2500 i AR K
RO R AR D, T A BAE AR AR K
R ELRERN(ERS).

IR IE B2 R 7 R v ZR S &, 1M
FEAT AMEFI/E500 iR 22 2 AN R FE B 3 v T IR
R ZRE & SLTAEA L, LTAMANH 3%
PRE T A ZRE B, HHLTANFE IR & 1 2.964% (&
5-D)e MUK 7 250 W B, HeFh AMF B jti 1 22
FOOT I ZR BTG R 3 RS, 1 R 1 22 HAE
X ZR E R B 3 (R 3).

3 ¥tig

IGHR T Y 1 SOD. PODAICAT 55 47144
AT 175 o S 1 2 R A A0 o M i AL AR B T
S H LA P (Wei62022) . AHF 50 R I, G i iE
e 1R F HiEAGEF(SOD. POD. CAT)
S, T LB G AT DL e LA
T T 7 ORI e . RE B R BE A U
IR R 78 i 4h 1 A SOD FIPOD I M (1,52 45:2013),
AMF 7] D42 = (K3 T 28 JR 4l & [ POD. SOD Al
CATIEPEHIKE2011), ARG R I, (KR Z4 1 82
P AMFRE 2 2 52 5 75 N4 T PODYE M5 B e il 22 2%
fE f, 25 45 = 1 4 1 POD M CATYE 1t ; #:F) AMF
J Vi it R R R e Y 1R 3 N4 HTSOD. POD A
CATE M, H 41 AMF Ji5 W it 18 28 25 11 38 N4 1y
SOD. PODMICAT{F 1t it

VA i I R 4 o B T ot AR A A P 5
R JoiE JIES A DR R FEE () B AR AR (AT K55 2021) . KR
i R R (Brassica rapa)R PN TR S 5 AT AR X
HL 5 R I P v, T R 3 R R B (1 AR R SR R T
DA 22 A AR il PO 3 51 S () 4 R S 4, PR A P — 1
T, e i RENECE T kEF2019). ARBFAT
FER B, IR 8 R 35 & 1 9 A B AR o e
SRR E TR IR R, T iR R N R R
KT 4 E N B & AR S 2, SR AME 2%
A T She T S B S R, XS E TR
FEMFEE(2016) R AMFU AR 1 36 M S (ROS ) o} 2 A
P, 5 (Elymus nutans) 18755, FRAK T 40 i
MR AR, 4E5F 7 AN R e, 22 11K
TEL B FRORIE 7T 45 B, 1T FLAMF-+48 B8 25 40 3 R 3
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Fig. 5 Effects of AMF and melatonin on endogenous hormone contents in cucumber seedling leaves

under low temperature stress
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S AL 515 (Ghosh£52022) . ASHIF 9T R A 3
TR T EMYEMHEARS &, (A5 HETR
ERARE, BEERA DL E R ERE T E
WIRERR S &, REE s E TR (e
£52013). HFPAMEF A] DL 42 SRR R 77038
(Sedum aizoon) /i 2L & B (1R %4H2015), FFPTAMF
g6 A it R K A R R e T IRIER N AL R

(Ziziphus jujuba ‘Lizao’ )& R & & (¥ 5217E2014).
ASHIF 5T R IR, B Fh AMF A/ SR i 18 22 25 2 RE4R
NS H I 2 R & &, R B AMF AR 2B 23 m DL
T8 3 4 v M 2 R R ok A 5 A L )92 07 A T T,
T HCAA IR B, H = 25 B A A R B b

It Y TR A2 AL oE A T BB ) G B R 2 —
(Devireddy552021). AHF 7T & BLAG IR W18 2 3 4
RN VR & &, RERRAKRSE, X
SR T WHEEAE 1K (Zea mays; Xiang52021) M I
(AnwarZ52018) T R AIF 72 45 R, 2 W38 S %)) i A Ji
TR v VA TR BRI AR W8 . B A AR
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AR R EEZER, AR KM, HEFMAMF
AR PR 0 3% A ik B Iy AR 8 R I ZRAKT
()T e PR AC FE v TR 1F) 5 B SR AR o) 25 T 1) 473
F(L122016). AR K IUKIR T £ AMF /5§
Mt AR B R A PR B R4 VA I 2 &=,
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PERMNAE RS E, RAAMFHBER AR
EREZR S &, 3TN TR B Wi R B R fe e
T E K 2 (Chen®52009) ZRAIR % 2 & & IH41
1) I8 V& TR 1D = A, X AT R DR D R B R d i B
KRGS S I (WangZ52016). 7R&E R LY
A RS TRURH T V% B8 73 FR A 2R TR 3R 0K, TN R i 74
FRAED) & R R RIS R m R E R KRS &,
F PR AR 7% W2 % 5 (Zhang 55:2014), 1773 i A $e A
AMF S it 48 2 2R 1 35 I ZR & i S K A 3
FH EE 22 57 A I 35 () SR R T i 5 AMIF (1) e R R4 22
FIWEA K,

25 b PTIR, R AME /8555 it R 28 25 15 7] LA
e R AR R Y. BE T R AR
1 IR ER K, gERRIR R G Aa e, AT U R
(SIS EROR g\
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