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FE RHEII RS 25 0F T PR B R AR ELTR (AMF) Glomus mossea-2 XIE T # /R ( Cucumis sativus L. ) By [7]) 47
PIRR R DL R BN S S (CAT) i S8 (LW (POD) AR ALY AL (SOD) FIIR ML i S AL Wt ( APX) B35 1% K2 i PR
RIKHIE , SR AR R ZMH] T AMF X BT R AR SR8 ) A ARAIS R $£T5 30 —45d AMF Sy PR f= 3
W, HeRl AMF BRI SEERAUE L BT S BT B R TR IEEAL B, R T, 2R AMF SEZ2 7O AdR AR
13 BACKCR R ER K AT R 2R S B PR IR ELAEN I (MDA) 8 B ORI DA B A AP 15 T 0 S AL Mg I 1 2
B RAGTER  , HeRh AMF AT LR R 23585 i i BT SR B K- FIDG 5 RE D 38 1 X IRIR M0 ek
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Effects of AM fungi on leaf photosynthetic physiological parameters and

antioxidant enzyme activities under low temperature

LIU Airong', CHEN Shuangchen' ", LIU Yanying', LI Yannan', HE Chaoxing’
1 College of Forestry, Henan University of Science and Technology, Luoyang 471003, Henan Province China
2 Institute of Vegetables and Flowers, CAAS, Beijing 100081, China

Abstract; Chilling stress may reduce plant growth by affecting physiological and metabolic processes. It is well known that
that a symbiotic association of plant roots with arbuscular mycorrhizal fungi ( AMF) improves plant cold tolerance and
related studies have received extensive attention during the last decade. Root colonization by AMF might strengthen the
ability of cold tolerance in plants through attenuating membrane lipid peroxidation and plasma membrane permeability, and
increasing osmolyte accumulation as well. Among a large number of vegetable crops which could be infected by AM fungi,
cucumber is relatively easy to establish symbiotic associations with vesicular arbuscular mycorrhizae ( VAM ). Previous
studies have reported the relief of chilling stress through the use of AMF. However, these were more focused on plant growth
and chlorophyll parameters. The biochemical mechanism underlying AMF-mediated low temperature tolerance in vegetable
crops warrants further in depth investigation.

Under greenhouse condition, the combined effects of AM fungi and low temperature on cucumber seedlings were
investigated with respects to assimilate accumulation, photosynthetic rate, carboxylation efficiency, activities of antioxidant
enzymes and related gene expression. AMF inoculums used in this study consisted of spores, soil, hyphae and infected
maize root fragment from a stock culture of Glomus mossea-2 , which were propagated by AMF inoculums. The experimental
design consisted of four treatments crossing two mycorrhizal inoculations levels (non-AMF and Glomus mossea-2) with two
temperature levels (25/15°C, 15/10°C ). The inoculated dosage was 20 g of inoculums per pot containing. Repeat 3 times

for each treatment, 10 plants per replicate.
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The results showed that mycorrhizal colonization abilities and mycorrhizal dependency were significantly inhibited by
low temperature. Fungal growth accelerated considerably during the period from 30 d to 45 d after inoculation with AMF. At
45 d after inoculation, mycorrhizal colonization ratio on cucumber roots was 42.68% and 32.15% under room temperature
and low temperature, respectively, Mycorrhizal dependency was 21.42% and 5. 46% under room temperature and low
temperature respectively and this indicated a significant reduction in low temperature (P <0.05). Regardless of the
temperature, the root-shoot ratio, total dry weight and fresh weight of AMF inoculated seedlings were significantly higher
than that of the non-AMF control (P<0.05). The photosynthesis, root activity, carboxylation efficiency, contents of
chlorophyll and soluble proteins increased by 23.67% , 29.13% , 33.10% and 11.78% compared with the control under
low temperature. Moreover, Malondialdehyde content stayed at relatively low level in AMF-treated seedlings. On the other
hand, the AMF treatment enhanced the activities and transcript levels of antioxidant enzymes.

Superoxide dismutase( SOD) , peroxidase ( POD ), catalase ( CAT) , ascorbate peroxidase ( APX) expressions of the
AMF-inoculated seedlings were increased by 1.35, 1.44, 1.70, 2. 46 folds respectively compared with CK,. Under
chilling stress, the expression levels of SOD, G-POD, CAT and APX genes in the AMF-inoculated seedling were increased
by 1.68, 1.37, 1.52 and 1. 83 folds respectively in control under normal temperature ( CK,) compared with those under
low temperature ( CK, ). These results indicated that antioxidant enzymes might play a crucial role in AMF-mediated

tolerance to chilling stress, thereby maintaining a high photosynthetic capacity in cucumber seedlings.

Key Words: arbuscular mycorrhizal fungi; cucumber; low temperature; antioxidant enzymes

VKL AR BB (arbuscular mycorrhizal fungi, AMF) J2& fifi HUAE PR )32 4778 1) — 28 A BRI AR L, AT LA
AR A A R SRR IR PO AR A S S AT T HER R
[FIERAEYXT AMF AOHCRRE BEAS ] N R B e T e 2 U L VA AR R 22— BN B P 5%,
BB T T T A R PRSP A VA B . R AMF REA RUHE B SR E X T 5
RO TR AR AR R M AKURE ), WO T A 1B TR, DT B S A K RN e O SR
s AE IR AT W22 AMEF R 2ROl A= 7

HRh AMF REHSSAE Y IAIRIR A BE 11, El-Tohamy SEWF5T 48 i, #h AMF A2 5530 & BT ARIERE 7 , X Fh
RENIAEAK A0 R o B35S FEMRIR AR T R AMF A9 Ak SRR H: 40 i 52 75 35 A 8 e IR - % 1 HEHL )
A BEE R R AR IR T P 2R AR, S A M B Re e M RO ARl AMF AT LA/ b it R 5 o 3 5 Ok
A0 3 sk B PR B Al ao S A RN B B AR X 328 1 | B8 B s Rl o 4 B A AR 2R DA 42 5 2 2 109 26 A i R SR RN B
KHS AL PR ZE T EA R E TGRS, MG EY R AMF 42 @ AR i 24 B 7 T4
FHBLE] v sk = R B 530, A5 B 78 B AMF 5 80T AR J5 80N A K ST E b s M e Rk DSOS
FEEARAE, ARG AMF 42 5 v TG I 1k 0 v] BB A BRAL
1 MREFZE
1.1 Btk

BN ( Cucumis sativus L. ) AP HS 2 45, BREEHEAROBHE BB AR A LR . i AMF H 7]
Glomus mossea-2 H1 %) A FIBL# Bt + R 7 5 R AL 58 BT Tunde Takacs {42k, HeRh ¥k 28 KR5S
JEV BRI T WL AR YR BT AR R 1

HNE 1 5L 0T R AR A DL S R A BN AL, FEA TR AR  pH {H 7. 26, A LT 131g/ke,
A 165mg/ kg, AU 442mg/ kg, HRUAR 509mg /kg, FHEAF 121°CHEIRKE 2h, ARG HIG 46 %E 80°C
M 2h JECE B RS,

&L RNA T3 & RNA 4ifbik R &0 H Axygen A 7], R G0 & W A Fermentas A H],iQ Z (A 5L}
E T PCR AN R GEM AR AR A A
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1.2 it

TR0 AE T [ B2 B i SR AL OIS BT SRR MR 64T . 2010 4F 3 H 11 HIRAGRFI G 28°C i 4,
B E IR 70% PG, 2010 453 H 13 H#ER BRACH R 3 Wk, A8 10 Bk, #EFhEHE R L
PRAFERIEFD 20 o R0, X6 HR 320 45 ik ) K B4 R AT 10 mL JG K 8 $% A0 K BBV, B IR 27—30°C iR
16—18CYEE Y . FREHFh 20d B, 3R 5 —BUW A g AT IR AL HE . {585y 4 A3, D # i (CK,)
BT +10g K FEHER B/ IR EE 25/15°C A HE; @ KR (CK, ) 3 +10g K LR, B/ %R 15/10°C
@ BEFALFE(GM) B +10g $ER0 5 B/ BCIREE 25/15°C Ab P ;@ 43 B R IR AL FE (GML) - K i+ 10g $ERDF
B/ RRE 15/10°C , HeRh 45d BRI 2 G & 4 B8R BUE LB 4 MDA &4,

1.3 Rk

B2 30 .45 .60d J5 HUAS b BEAR BN GE PR IR Yo . BOE AR R EERE , 4% 30 MR BCR R i e (o, B
K 38 s R bR ST SR TTC 38 R 5 R 45d BHR 2R TE /11, 28 Plenchette 21 735118
D T AR ARG RS, 42 T CTHAR0 IRARARME (% ) = (JEFP AL BT 8 A A b BT 5 ) /R b AL 38T
x100 "

1.3.1 PRI S 1% M e

PR A FEER . B 0.5 ¢ PR JIN 3 mL pH 7. 8 50 mmol/L B§FRZZ /i (7% 1% PVP,0.2 mmol/LEDTA ) /1
AHERY | F Uk TR, 2138 T 15 000 g F 4°C B0 20 min, V5 ROF 002 BEG P P9 SR AT i 1
EOASE,

Z: M8 Patra 197 B0 5E it B AL AU (CAT) iGPEN 2 I Nakano F1 Asada 7 B0 52 P00 1M fR 1 2 4L B
fiti (APX) 35 PE' | 2 MR Cakmak H1 Marschner [ 75 325 0 % A 81 A By i &AL 9 i ( G-POD) 3% 1 2 1A
Giannopolitis 1 Ries B N 2 AR Ak W AL T (SOD) 5 PR , 4 Hodges 1Y J7 00 5E N 8 (MDA) &
) H Bradford 30 E nIEMEE A SR
1.3.2  PUrkEASCH P RIB BT

Rl AMF 45d B, BURR 22 0 i U F VR EURAT E AT RNA BEBOCRISE R 3500, B RNA FHE RNA fd
IR G, DL RNA gl Gk fralifh . R SHiA0 &4 i cDNA 1565 — %4 , /8 RT-PCR MHAR
A i PCR iQ 2SI 5E & PCR f Il R b #E47, 25 pL A R 425 . iQ SYBR Green #R G
12.5 pL.cDNA 1 pL. EF¥#51#14%5 0.2 wmol/L, PCR SV 2 :95°C Wi H: 3 min;95°C ZE 1 10s,58°C 1Bk
455,40 MER, FECEIRAERMIEIR IR ICRIIREE . BN actin e A DEGIEVE A T AR, AH XL
2k /K- 1931582 8 Livak M Schmittgen (19 27240 36 848 3 Wk, A TP LR S5 9 5 51 I
x1,

F1 EHEE PCR AHKEEMSIY
Table 1 Genes and primers used in Real-time PCR analysis

H: A Gene FUET 14 Forward primer TFUET 4 Reverse primer

CAT 5'-TGGACTCTGGTGATGGTGTTA-3’ 5"-CAATGAGGGATGGCTGGAAAA-3’
POD 5'-AGTGCTTGTCCAGGAGTTGA-3’ 5"-AGGGATGAAGTGGGATAAAG-3’
Fe-SOD 5'- ATGAAAACATACAAAAAAGG -3’ 5"-ATGGACTCCCAGAGAAAATC -3’
cAPX 5’-ATGGGAAAGTGCTACCCTGTT-3" 5'-ACAATGTCCTGGTCCGAAAG-3’
Actin 5"-AAAGATGACGCAGATAAT-3’ 5"-GAGAGATGGCTGGAATAG-3’

1.3.3  dmkbrg
N DPS v 7.05 8T8 dE 53 M7, R Duncan Rk 25 5 W B MEAG 56
2 ZEREHH
2.1 IR B IR P AR 2R AN (] Esf 0 T MR A2 4 ) 52
3R 2 AT AR T P AR L R I T Ui, R WG W 2 i) T AMF X TR RIR YL RE )T, RS
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45d B} B AR YL SRR B AR R M LU T 5 30d A iR B 42 5, SR B2 R 5 30—45d AMF #E A T Pk (=2 4Lt
R AMF 45 d B3 IR AVRIE T AME X3 TR R 12 2 25051 4 42. 68% F1 32. 15% , B AR A PE 3 51 K
21.42% F1'5.46% , 35 & = TARIRAL 3

x2 REMBELYERESEMNPEREEHZM

Table 2 Root AMF colonization ratio in cucumber seedling under low temperature

30d 45d 60 d

AbH BRI 3/ % BRI/ % B AR/ % BRI/ 9% R U R/ % AR/ %
Treatment Mycorrhizal Mycorrhizal Mycorrhizal Mycorrhizal Mycorrhizal Mycorrhizal

colonization ratio dependency colonization ratio dependency colonization ratio dependency
i CK1 0 0 0 0 0 0
WA GM 36.42a 18.21a 42.68a 21.42a 44.21a 23.56a
IR CK2 0 0 0 0 0 0
EH IR
LR GMI 24.76b 3.64b 32.15b 5.46b 32.97b 5.86b

[RI B AH 8] F- R AN R 2 BH Duncan’s 2 8 422 57 .3 (P<0.05)

2.2 AMF XHICIR T 2R R A= R S

(LSS S1= 0 N 7o) 7B A s S R 3 SO (1 SO O 1 E 7 B LTS s [
CK, F1 GM A BEREAR T 17.49% F117.47% , ST E 5 BIFEAR T 14.93% F120.08% ., SARBZA A L, #2Rh
AMF R8T i S 5 ST EAEE AR LR, THEMRE IR E 25 (£ 3) , R AMF J5 1]
DAV B ) SRR B2 (A B AR S, (R B TN v T T 3 A

&3 AMF X{REME THEIN4 & EE =R R0
Table 3 Effect of AMF on assimilation production stored of cucumber under low temperature

H B/ (g/8K) WRE/ (g/BF) W L

P4 i 4 -
QbFR Shoot / (g/plant) Root / ( g/plant) Root-shoot ratio B/ BT g
: - - Total fresh Total dry
Teament G T T T BT T el et
Fresh weight Dry weight Fresh weight Dry weight Fresh weight Dry weight
HR CK1 16.09b 1.67b 2.84bc 0.34b 0.177b 0.204a 18.93hb 2.01b
37 I\I 1
%MEML & 17.51a 2.02a 5.04a 0.42a 0.288a 0.208a 22.55a 2.44a
I CK2 12.99¢ 1.42b 2.63¢ 0.29b 0.202b 0.204a 15.62¢ 1.71c
FRTR AR
LR GMI 14.63¢ 1.58b 3.98b 0.37b 0.272a 0.228a 18.61b 1.95b

2.3 AMF XM T 8 RE) G A A 8 AR A 52

HR T HeFh AMF $205 7 SRS it e R & i, W T O6 A BUR AR R IE T, 40 % CK, 3
T12.11% 23.67% 29.13% (% 4) . KI5/ AMF 14 30 A R IH H IS 2 S b8 3R WA
FIFRACSCR AR, 43 BRI X IR (CK, ) #4133, 10% \53.50% 37.80% 11.78% .,

F4 AMF XREBETERL LS EEBIERNEM
Table 4 Effect of AMF on photosynthetic physiological parameters in cucumber seedling under low temperature

MR b PR AT

b3 U ES
o /(me/g) /(pamol €O, 2571 /(pgeg b | s
Treatment . Carboxylation efficiency
Chlorophyll content Photosynthetic rate Roots activity

IR CK1 41.20ab 6.76b 0.436b 1.16b
FERAL B GM 46.19a 8.36a 0.563a 1.35a

IR CK2 28.67¢c 4.43¢ 0.328¢ 0.09¢

R RIRALEE GML 38.16b 6.80b 0.452b 1.15b
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2.4 AMF X F 8RS G HT A AL B S PE I MDA 7 5t (9 520

WS, B AMF 25 1 28R4 E R SOD POD CAT H1 APX B TR 4, 43 0 80 il % BRI AN 21. 47 %
23.16% 38.29% F120. 62 ; %I T #8h AMF %8 CK, 23 B340 T 10.59% 20.78% 19.31% 1 20.44% , %G
RN AMF RS T 8R4 A MDA & 428 T A R aE A S (R S) .

#5 AMF HEEBTERSHERENEFMET MDA 2%

Table 5 Effect of AMF on activities of antioxidant enzymes and MDA content of cucumber under low temperature

e [ SOD 7% 4 POD (ﬁt&F CAT (ﬁri APX (ﬁri VAR i

Treatment MDA SOD activity POD activity CAT activity APX activity Soluble protein content
/(umol/g ) /(U/g8fTE) /(Usgmin' ) /(Urgmin”'#fE) /(U-g " min~'BfHE) /(pe/g fFTE)

i CK1 5.06 ¢ 171.03 d 66.84 d 208.82 ¢ 29.58 ¢ 16.58 b

R T GM 5.14 ¢ 207.75 ¢ 82.32 be 288.78 b 35.68 b 17.13 b

iR CK2 6.22 a 242.81 b 104.76 b 296.41 b 37.85 ab 18.58 b

AR IRAL 3 GML 5.73 b 268.52 a 126.53 a 353.64 a 42.56 a 21.04 a

2.4 AMF XJIGHR T 2R B S A il 22 P8 3R 3k 1 52 i)

WA %R AMF {23 7 3 K401 H A SOD, G-POD  CAT , APX 1 3K, 43 5 45 H 5 % BE 3% fin 1. 35,
1.44 1.70 2. 46 f%, ARIEXT IR CK, NI A BP0 AL R AH JCIE K SOD ,G-POD \CAT ,APX ik & 43l L&
TEXT RN 2. 74 3.49 3.06.2.96 f%, KIRMHE T, 2 FEAEKI B SOD  G-POD ,CAT  APX & [H 3 1k &2 43 3
FEAR TR R R T 1.68 1.37 . 1.52 1.83 1% (K 1),

5 a
S a T
SOD T POD
4+ 4 b
1
- b 3|
3 T
2+ 2+
c :
1 d
8 1 [ T 1 [ T
5
5
#e 0 0
[0 HiR B KR B RR iR Bl b KR EEREL
g E CK1 GM CK2 GML CK1 GM CK2 GML
g 5 a 6 — a
2 SOD I APX i
5
S 4t 5
3k b 4
L b
3L b z
2 - T
c 5 L
d T
1 — c
1 I
0

0
iR B fiRlR BRIk Wi EHbE R R GRLE
CK1 GM CK2 GML CK1 GM CK2 GML

1 AMF 3HMER T &N F B E Rk F RS0

Fig. 1 Effect of AMF on the transcripts abundance in cucumber leaves under low temperature
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3 g

AMF PR AN S TR S5 O 1T HLE 5 TR 5 25 F2 R 3 ik B = g i A 3 D G &R
SRR AMF RSP AE R R WBCRA 251 HU50 R, R EE TG R Glomus mosseae BE
fi v e B8 T BRI v A 2 G R W B R R TR SR A R LA . [ EDCEKEE RS 6. diaphanum
FHRERWEES G. versiforme WIVEFIRCREA — 2 570, SRWIHERD AMF XA 40 IR 1 DRA7 1 FH -t i B o
AT 2E 5 TR AMF 8 — & RESZ M B e X 27 FAEAR M 8 . R ARSI R W IR SZ I T AMF
14 A R P IR A P T BRI AR AR G SR R ARAR S M 52 21 B S A1), X 55 L 5 BIFSE 9 1o SRAR B IR R B A1
T AB R AR E A AR 45 R AR — B

HWHADCEE N FEOREM SR MR, UR TR 2R & BRI, MR AMF 1]
PEE R PRIk A e Z S AR RARE I T X — 5, R AMF 35 Glomus mossea-2 T fiE
RN T 3R A KM T B A R w7 R S i OGE EUR RAEROR . X RE A R A 4
AMF {1 8 I e i 2 SR AR08 D R A& 0GHA s 1 /K 3 FUHA G 57 o i i 5 560 | fdi 2 A5 F)
TR A RS, NI R T AR [ et AMF 0] DU AR T A R 38 5 £2 i R T s P
ERARIATB BV, R S AR AR DT AL BTG T 02 13X 3 FPEEAE mRNA KV b 358 M BRI 5T
AR e TR E X A A 1

ARWFFE B R AT AP S LR G BRI, — 254 R AR FHAA LRSS 1
AT AMF B sl 0 ) SR A PR T AR 25 0 Lo 558 - e A4 R T AMF (A& ir
DAGRAIEA AL T 04 SR AT A AMF @2 8O HR AR o AR i i FH T Ry B e 5, B 9 ) 2 s v, PR T A 2K
ARAR A T IE B A AF IR A TE A IR AMF S AR AR ORI
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