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Heat resistance of Rhododendron with arbuscular mycorrhizal fungi

WANG Yingying, ZHAO Bing, LI Ying
(College of Landscape Architecture and Arts, Northwest A&F University, Yangling 712100, Shaanxi, China)

Abstract: To determine the effects of arbuscular mycorrhizal fungi (AMF) on heat resistance of Rhododendron
and to choose the best AMF, Rhododendron ‘Bi Zhi’ was selected as the test material. Three AMF, Glomus
intraradices  (Gi), Glomus mosseae (Gm), and Glomus etunicatum (Ge) were used to study the effects on
physiological and biochemical indexes of Rhododendron under high temperature stress. Analysis included the
average subordinate function method to comprehensively evaluate the heat resistance with the three kinds of
AMF and azalea. A comparison of the leaf anatomic structural characteristics before and after inoculation with
the three fungi was conducted for heat stress by observing the performance. Results showed that under high
temperature stress, the three AMF could colonize azalea roots. The colonization percentage of Gi was the high-
est (49.6% ), while Ge the lest (37.4%). The contents of soluble sugar, soluble protein, chlorophyll, and pro-
line increased compared to the control. At the same time the contents of malondialdehyde (MDA) and mem-
brane permeability in azalea inoculated Gi stayed at a relatively low level. Furthermore, the anatomic structure
of leaves inoculated with AMF was less damaged, and the ratio of palisade sponge tissue of the AMF inoculated
leaf was much higher than that of the non-AMF control. According to the average subordinate function method,
the heat resistance for azalea with AMF was in the order Gi > Gm > Ge. Thus, AMF could improve the heat
resistance of the azalea cultivars to some extent. [Ch, 3 fig. 3 tab. 24 ref. ]
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K546 Rhododendron J& 28 1 /5N 24 SO FE AL, $E R “HARAZE” “HARZE”, ®WRERENM
“TRAAT N FRRSAEE . WIS, R R AL B AL E R A AT R DGR R
DA I T Ji AL B8 16 T A4 S5 HT308 0F 9% AR 0 M F 2, KL TR AR 7 (arbuscular mycorrhizal fungi, AMF)J&
flid A S R EE R, R —MEES 90% Lk F Y S AL A X R AT AR B
AMF /] DL 5 AR AR AR K, SR A P B MR R AT R RE 01, JFREAE — e R R AR B b
S RRAR Y B P IEPE T (R RN AME X AL B 78 B B S e 08 I S8 A DL ARIE o AR A S0 O6) A S AR i 4
AMF, 05 L B A6 0T R 1) 45 3002 B4 AR S BOR R S S5 i P bn . AER DT E S iR b3 R, AMF X L A 26 1
it AP AR IR, SR A S 6 A A b X T AR i Ak m A R B LR 2 A 4l o
1 MRE57FE
1.1 s
111 BaX#sy  EwBUE R . KRE SRS R “2E1E° Rhododendron *Bi Zhi” FTifi iy 12
EE W 7 SE i o PS4 s D 7180 F 5 N PN N 15
1.1.2 R E A 3R ER E R R NEREEE Glimus intraradices (Gi) , VB VPH 3R 4 Glomus
mosseae (Gm) F14)) EIRPEFF Glomus etunicatum(Ge) 35 By H i ) F A MRBPCBHE A BRA RIS AL . B0 AR Py Bk 2
B VIR E MY ERRBEENRTFLEB D E N 30%id A E 0 10 min, FIGH K EREOR, #
il F =55 Trifolium repens FUE & Medicago sativa, &EEF 2 4H G, LB BB, Hd+F . HR
FUHR A1 B 22 i B AMF 42 R050), 7 %55 70 4~-g7's
113 gk R 3 pH {H 6.0, FEJFERENER R . FEOERER . Bka . 0%, WTH
VR BT SR ARMEE Nl o LA P 160 Crriil KT 2 h, BHARR HE462E 160 Cigili KA 2 h 5l T4 o
1.2 LIgigit

I T 2017 4F 1 4 2 2018 4 5 HAEVT AR K W AR A AR 2 B 32 90 = N il A7 . 3EF0aT,
FH ST MR BE A 5% 1) 1 4 R BV VRO BT FIAE B EA T I 0 o 0B 4 AP FEFPAR N BR RS (Gi), 427D
FEVGERYEET (Gm), $EFIAIEBRIED (Ge) FIAIERN AMF (% BEZH (ck ), 3R AL IR T2 0, 4 fh 1
7 80 g- %5, WALFHE AL 3 K.

TR G K AL RS AR A R A e R R H OB IR MR R (25+1) °C, HIE) B A7 AR 3E LK . #2550
d J5 ¥ AL RS AL T A (BIC-400) A AR h AT WAL 1 (25 °C), SGRREFE] Dy 14 h/10 hOEREREE ), 6
HERE 12 000 Ix, AHXS MR 80%, b3 d. ZJ5, B AN TEAEERE A 35 C25 C(HR/M 1), Jeim
MR EAL, PR 1A, REPKIFFER, SibbHa 2L 10 d,

1.3 MEIEH

13.1 BB ARAFREEMNZ RELFIAGELHEOATRER, Wif, VW 1~2 em N, BAV
(HVEE):V (VKBS R )V (R FR A3 Hh 50% 2 1% )=13:5:200 4 [& E R, 12 4 h, FRAREDE N 8% 4%
AACFISW, 90 C/K¥ 30 min, HURMRE G e, TR BN 5%FL B2 il =l 5 min, FIERME &b
LU AL, BeJa 70 A N LGS A FEAR BB e Bt 9, T3 AMF = e == Y il Bo /LS B
K )x100%

132 Amigknlg  fESELAE 0, 5, 10 dBF, B HE AR R A KR AU R i 7ok FE, Bk 0.1 g,
FEE 3 W ATEEER A BRI e, R IR . N L AR BE N L i R A AR AR 0 R
FH B8 SCH A5 SR 0 D 1k o AR AR I ) G (R @ AR ) RS T, A045) 25 TS E G-
250 G 0,300 7 W] s M 2R 1 B o e R

1.33 vt H @3 EH AR e ABIERNE S R)G, Bk 5 A 10 d, 2 )58 A (7] b AR R
A3 R T IR (25 °C/18 C)FI e It B 41 (35 °C/25 C), AN TSR FHA NS S do LG
TR E 10: 00 SRAE @ FAE bkt Fr, YT 3 mmx3 mm, 5 AARFR 3 E0Ch 4% 156 0 R TR EDE 6
h, B§ERZE & (0.1 mol-L™", pH 6.8)i% ¥t 4 k. FIKFEH 30%, 50%, 70%, 80%, 90% . Bk ik
oK, 100% ZBERK 3 Wk, RS IGHR S, F S ALk I 5t a5 T 1AL (K-850) , &5 1 Ik 5 4% (E-
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1045) W54, FFHES AT 22 49 1 10 55 (JSM-6360LV ) X AE A HEAT WS . BE DL e 10 00 B X5 it PR s 010 v 0
g2, M. 5 J5 M Nano Measure 1.2l 5 800500 5 i 7 )RR . MRS AU G S AL ZUS BE, JFH AR i
RSN . A S A A B S A B R o A I A 2 L = (RS A )R Vi 4 A SR ) x
100%; 2H 23 2540 B 8 Ji = (A ZH SRR S /it JEE B8 ) < 100% 5 2H 245 48 i 46 J32 = (T 20 AL S 8/ JEEJRE )
x100%
1.4 WHRELEETN

fiif FA M £5 G VT R F SR @ eR B X A R AR R AT PEANY S A A DGR A K B () = (i) /
(Hoin) 3 TSR A B () =1= (020i0)/ (Xpn=Xin) o FeH e B (o) Ay i $ASR & sRECE 5 v 45 b
85 i FIEFE PRI/ ME, X HIEFE PRI KA . W EIR A, B R AEMFD 1L &4
FebR VXS0 Jm R BUE, SRIE AT HEY , SRJE R BB, i A R e
1.5 HiEIE

FIHT Excel 2010 B f4ox0f Bos dE47 40 B0, SR SPSS 22.0 B4 k47 B 5~ 75 22 43 M1, & ] Duncan
IR T 25 7 B R 3 o T 3R 80l - 4 (A5 M iR

2 HER G

21 A AMF Xf# RS IR R E R E
HIE T AT 28 0F R 3 Fft AME X A BS FE AR 22 B AR 60

B R . b Gi R A, 49.6% . T Ge 20
(37.4%) B A A 5 40f !
22 FEENET, FE AMF RAEBSE F 32 AR 00 B0 o

22.1 RF AMF 33 &3 F AL RS 7ot A T8 MR % 5 208 ﬁ”‘

Hoa AR LA, R T R R AME AL AS 26 Y R]

PR 0 R B, B IRLIE OO 0, 020 AL TG om e
A VPR LAY RO I S d, BERb Gi A Gm By I

T P B B A IR (P0.05) , i 10 d, TR AME PR R & 4 B
FER Gi 1 1 7 PR B B BT Ry Figure 1  Colonization percentage of different arbuscular
222 FF AMF 2+ &3 FALR L=t A TEREE G KR K

JEeg e @R DAL RO R RN AME X a] PR S 0 R R S AN R, ke S d, 3R G,
Gm, Ge fl ck 433 L3 MR RN T 20.3%, 92.9%, 39.8%, 37.3%, H.hi:fh Cm &R BE., W& HE
RAEGIG I, W]V AR B R R A B, B 5 0 A D PR AT R R e iR S BT I M
B I B R TS, HET AT TR EE B RS . miREE 10 d, $ERP Ge MIRUR AT, b ck
AT 40.3%, {EE A 5 d A 10 d, Gm Fl Ge 435132 B0 0 200 A A 34

223 AR AMF %3 FARS LT A AR R 20 80%a  RaR 1l 0. FEAE W KRB0, il
RARTR B Z . EiE b 5d, R Gi, Gm Al Ge [ F il &0 R I it 40 50 Sl B ek 34 T
T4%, 32.2%, 47.6%, EiWria 10 d, 60 Gm FIEM, ek BT 19.5%,

224 RF AMF g et A e s e, W B R /ERREG TR BRI FEE P K5
FOLE I, AN RIS 52 B, A RS PR . R T B AME A SRR AR T A0 MR A M R R e
5d, R Ge i H 40 B BEEE I ok FEAR T 12.9%, miRia 10 d, 428 Gi, Gm, Ge fFLES 6 F
ck HFEART 58%, 4.5%, 8.3%. N _WEEBAG L E ALY, © AT LS A b HE ORI SR A
FECMM R R BN, R EBREN, JIRB SR LI, SIRMNEA T, ARG AL R R T R
R UG BE 0 SR, XA R B0, HeRh AMEF B RRZEME TN AR . H AR Gi, Gm
BN, SAB, Hock AT 44.9%, 39.0%, 10d, Lt ck T 56.1%, 26.4%,

225 RFE AMF 2 @ TABLT R FREAY M ERET oG Fm  BEE IR0 T & 68 0 E
o, HeARh AMF FUGE BRZH AL RS AL 09 i e R AR EH 2 b R S o 8O A ke (8 2) . mifiria 10 d,
Mo ZE RS N R BOE WL, TR AMF (9 B 760 50 28 2 RRE 8 N 208 5 S

mycorrhizal fungi on Rhododendron roots
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Table 1  Effects of different arbuscular mycorrhizal fungi on physiological parameters of azaleas leaves

e gl /d AR EE S PERE (pe-g)  AIETEEAR/ (g L) MIBBLETE/% N EE/ (pmol-g™) PR (g g™)

0 Gi 22950 £ 1.345 a 3.307 £ 0237 a 20.820 + 1.049 ¢ 3473 £0.183 a 19.392 + 2455 b
Gm 15.084 + 1.154 b 3.601 + 0.344 a 21.085 £ 0.996 ¢ 4.025 £ 0.740 a 30.642 + 1.982 a
Ge 20.130 + 2.602 ab 3473 £ 0.075 a 27715+ 0.849 b 3.975 £ 0344 a 28.726 + 4.992 ab
ck 14.716 + 1.602 b 3.040 = 0.256 b 33557 +0.579a  4.607 +£0.144 a 19.231 £ 1476 b
5 Gi 24.061 + 0.814 a 3977 + 0.530 a 36.619 + 0.842 b 3.980 + 0.645 b 33.965 + 5216 b
Gm 24.355 £ 0.972 ab 6.945 £ 0.483 b 36.838 £ 3.856a  4.150 = 0.838 b 41.802 + 2.896 ab
Ge 18.141 + 1.460 b 4.856 + 0.632 a 33201 +1.905 ¢ 5.592 + 0.132 ab 46.653 £ 1.784 a
ck 19.537 £ 2.286 b 4.174 £ 0.074 b 37478 +0.932a  5.768 £ 0.172 a 31.615 + 1.247 b
10 Gi 31.410 + 2253 a 2.007 + 0.129 a 37.922 + 5388 b 4.168 + 0.166 d 46.833 + 4.306 a
Gm 25.178 £ 0.761 b 2.184 + 0.208 a 38416 £+ 0.792b  5.149 = 0.141 ¢ 54.546 + 3.557 a
Ge 23.615 £2.954 b 2205 +0.320 a 37.049 £ 0.724 ¢ 5717 £ 0.235 b 47.249 £ 3.049 a
ck 23494 £ 1444 b 1.528 £ 0.152 a 40.125 £ 1.896 a  6.508 + 0.008 a 45.626 + 1.953 a

VLWL - [ 90 PR [/ 3 B % 22 57 3 (P<<0.05)
T ko A GiBIALRSAENT AT AR a MPARRMZEI Y bR PR B S, lE ck SN T 39.7%,
33.0%, 16.3%, %A Gm RUFLASAEM A2 R b AR BN B35, L ck HEN T 33.3%, GikZ.
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Figure 2 Effects of different arbuscular mycorrhizal fungi on chlorophyll and carotenoids content in leaf of Rhododendron

2.3 A EAMF xf#L B8 LR F & 51 B 200

M 3 0T LA e W i A i B I ZH L T A S R R AL A I R A AR AR BT
NEE, b TREMOSRZEMME R AN R KT, HORE, RELE MHEHSH BN R
W, BRHEE, BaRAAN T AL M R ZE, HH B G . WA, A
MR TT, HR KA, ck MMEAIGURE SRR 22 0 TEmiid T, ok S 4 MH 41 4URni 45 21 U
JE SN, HRD AME f) kL BS 28 i R i T AL B TR A AL A A M AR AR, ek MM L URER o R
AR, SN2 22 5 HotE A A VAN MO HE S B, A0 ) B R o

Hi 2 RIH: AP TE] AME A [l it B2 AR B0 f0) A B 26 i £ I P 40 D A% ) 205 4 915 A 25 57 B 3% (P<<
0.05), WM T A RE N 186.49~201.75 pm, @i &M4 T AR E 126.41~187.49 pm,
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Bl g kERSfE A HA . Gi, Gm, Ge, ck éz‘JﬂHﬁ%%?ﬁMEV\]iﬁi CEEVIRR R | SEREHEMA
%W@E‘Jﬁﬁ%ﬁiufﬁﬁﬁﬂlﬁ

B3 ARG ILrt AR 4
Figure 3 Foliar anatomical structures of Rhododendron
HA i N ok M B HE(126.41 wm) , FR N R Gi B AL RS AL R iR, O 20175 pm, AR 41 SUHE
VR G  , JEEEYR T A AL US40 A1 20 L (T AR HE) /T 1, TE R AIE T,
A AMF (A S A6 Fr A b 0 3 8 T 6 BR AL (P<<0.05) , I 40 i 2 2R 5 A i A8 B /N X IR . Tl
T, MTRRA RIS E A R IA ]

R 2 AFE AMF x$4LE8FEr H it AR E R

Table 2 Effect of different arbuscular mycorrhizal fungi on mesophyll structure of Rhododendron

W ARE W) am A um RS pm WAL AL LR LG K LLER LG s BE

iR Gi 187.49 + 886 a 6737 +356a 97.32+097a 0.69 + 0.06 a 035 +0.02 a 0.52 + 0.03 ab
Gm 180.81 £6.62a 56.19+3.19a 8178 +545a 0.69 £0.15 a 031 £0.05 a 0.45 £ 0.04 ¢
Ge 16049 = 7.17a 6731 +445a 10290 +4.92 a 0.66 £ 0.11 a 0.30 + 0.03 ab 0.47 £ 0.03 b
ck 126.41 £ 466 b  30.12+280b 60.44 +5.68 b 0.49 £ 0.06 b 0.26 = 0.04 b 0.53 £0.04 a

Wi G 20175+6.15a 59.14 £246c¢ 9725+ 6.59 a 0.62 + 0.08 ¢ 0.29 = 0.02 b 0.48 + 0.03 a
Gm  191.68 + 3.04 ab 58.50 + 1.66 ¢ 95.33 +3.02 a 0.61 £ 0.04 ¢ 0.30 £ 0.02 b 0.50 = 0.08 a
Ge 18649 +148b 6451 +1.03a 86.61 +145a 0.74 £ 0.02 a 035 +0.01 a 0.47 £0.01 a
ck 186.52 + 499 b 6430 = 6.08 b 107.11 +3.07 a 0.57 £ 0.06 b 032 £0.02 b 0.57 £0.02 a

2.4 A[E AMF it 2 & 39

XL A BEFE AR (P PEPE RS . AT E R A . MR . N . RS T . MR R I TR R R
AR (R 3) . MIEFHREEHTY, RAKWUEIRT, B G 8RR E, HKJE Gm, #HF Ge ML
R,

3t

MBI (AME) 3+ SR i h AR R L IR 22—, )z oA T 45 Fh L ek

girp, XMRFHES ARG RE RAEEENT . KRRV AMF S8 SR REBOHERR, A2
&£ 3 AE AMF it #iEs &1F 0

Table 3 Comprehensive evaluation on heat resistance of different arbuscular mycorrhizal fungi

SR A
PR Tramm wwkE mam Wom mREErE oraa R AT
i Gl 1.000 0.447 0.135 1.000 0.290 1.000 0.645 1
F e Gm 0.213 0.611 1.000 0.581 0.587 0.742 0.619 2
E ik Ge 0.015 0.613 0.182 0.307 1.000 0.182 0.036 3
i ck 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4
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AP S AR 01 A IS W e ] T A AR AR FL A TR TARRSAE AR BT AR, RION A
BSAENT R R S5 M 2 3, R R . MRS EG . AN H B5 BE XE A s VAR . TR G
Ji . R B A A B LA B s R T R A B BN s BeAh, AR AMF, s B R AIG 20 R 1 R Y
SEERU R, H GiXTHE S AL RS AR I R RO B o i, X T RE 5 R[] AMF X AL RS AE SRl Sk AR
RINRGREANA G, ([EfiE— 2o,

ET RGO, M AMF GE{ % 8 Forsythia suspensa MR 10 40 i IRG% P AR . A 30 45 2R 0k
&, M Gi, Gm Ml Ge FLIE W] W REAL 7 AL AG AL 7 0 4 M B 1, P 3Rl G ORI, i 4% R
Ge RUR 2 . WWITEENRAME T, FERASTR] 19 AAS TR AR 581 0 2F S5 A R S M AN ) o P 8 o 3 B8 K Uk
JEE 1) 22 /0 R A% B e 240 it RS 1 o S A VR RS 55 RS R R R B . AR R W =i e N, e Rh AMF 78
— B TR RE L RN P A PN T R O A R RV BE SR WIE R AMFE AL A A6 04 A R A A R U
&, M 1AL AS AL BT B o 3 FIRX UE 45 20Xt 8 B¢ Phellodendron amurense i £ 88 J Fl 8 5 I 4520
Xf BRI 3E R 9 Asparagus FIBFIEES R — 2, AR E —FB &R, KRR ESHEYITERE ) 2
TEAHDG . ATV PR W IR N8 3 5 /NI BT 40, G BE A5 F T S 1R A A R P 8 3 R e 4
ML BB 0 o P I 2R A B LA B MR K M, AT 4R AR BT o MRS PR STIE R . 7E T S
BT, A AMF GEE3E IS Camellia sinensis 1 PN 92325 I8 15 1) 50 19 3 i 20 B0, AR e ] . & iR
Joip 38 A AME, 3 B09% 0% 8 5 4 0 O i B A A I B N R 0, R WAL RS AR AE 82 B S R b a B, X
S o A R SR AT DA IN A ) P AR R, TR S A it . ABRSE SRR W] SR MNA R, BEE B
IR AIG A, RLASAE CZEAR MR e R B o BOS A TG, (HER AMF FERRR R 4R a,
M2z b, O DRSS TR RO T ARIERN AL, FRWIEERD AMF B8 A 200 AR bR 106 5 fig
J1 o ZBE I g5 5 vk EE P B K Cucumis sativus A EPFEE P XHIRIR R B il Lycopersicon esculen-
tum S RIBEIESE R —3 . BIERMA T, R AMF fAEES AL R R . MRS LG . 0 MO 4L S g Al X
BRT ok, HAHERD Gi A PR AL RS LM AR . M LH LRI MO 25K BB B Y ok 22 S d B 38, i 440 i
ZEAE AN FE N /NT ek, WIR AT, R AMF fURLAS B R 5 ok 2R AR, LA R S AP R
AT A R IR 4L P Paeonia suffruticosa WA 45 R — 3K

LEA AW s R IR B 38 X kL RS AR R R i T 25 AL RN AR BRAE AR S ESE S AR T W, R
AMF, — @ T2 BE [ R Al iy R DM 30 X5 Ak B B I A 24500 . MO o . a3k . B E A 1 W T A T
B3, HeE L B A8 B A

4 5FH
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