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Growth and physiological mechanism study of H. crustuliniforme and Lonicera
Jjaponica symbiotic relationship under salt tolerance
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Abstract: Lonicera japonica and Hebeloma crustuliniforme were used as materials in this study. 0, 60, 90 and 120 mmol/L NaCl
salt treatments were taken out to study the rule of H. crustuliniforme colonization in plant roots and analyze the mechanism of
H. crustuliniforme on the growth and physiological characteristics of L. japonica seedlings. The results showed that with the increase
in salt concentration, the proline content in the inoculated group plants was 35.98% , 141.28%, 71.66% and 8.79% higher than that
of the control group, respectively. Under the treatment of 90 and 120 mml/L salt concentration, the salt tolerance of L.japonica
plants was improved by the H. crustuliniforme. The results of correlation and two-way ANOVA indicated thatnew shoot growth and
the number of branch growth were positively correlated with the biomass, and proline showed a highly significant negative correla-
tion with the number of branch growth. H. crustuliniforme could significantly reduce the host seedling height growth and increase the
host proline content significantly. The inoculation with H. crustuliniforme treatment could increase the proline accumulation of
L. japonica seedlings to resist salt adversity under salt stress.
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Fig.1 Hebeloma crustuliniforme colonizes in the root system of Lonicera japonica
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Table 2 Intensity of colonizationby Hebeloma crustuliniforme on Lonicera japonica cuttings

G5 A FEHEE/ (mmol/L) RACRFE/ %
1 0 66.7+7.2
2 60 70.0+4.7
3 90 66.7+2.7
4 120 63.3+7.2
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{E ;3853 Duncan 28 [HE, A48 PR (LA R B8 25 R 3% (P<0.05)
Fig.2 Dry weight and fresh weight of Lonicera japonica
Note: By Duncan’s multiple comparisons, different upper or lower case letters on the means of
each indicator indicate significant differences ( P<0.05).

AR RSN S BAETE 60,90, 120 mmol/L £h ik B 4b BH 4 54 T i & 4> %1t 0 mmol/L E’Jm
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Fig.4 Growth of Lonicera japonica new shoots after Fig.5 Branch growth of Lonicera japonica after

salt stress treatment salt stress treatment
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Table 3 Two-way ANOVA analysis of the response of Hebeloma crustuliniformeto growth indexes of
Lonicera japonica under salt stress

e e P e =
w8 0l dem e mE M smm smm  fmm BETE
B 10.302°  381.306 3.025 0.091 0.482 0.441 0.132 0.027 0.279
hh 2.772 23.156 4.292 18.534"  12.004" 2.783 8.809 0.084 10.322°
T+ 2.336 456.740"  5.292 3.666 6.385 0.701 7.005" 0.008 6.687

. P<0.05 KFET , ZRERE,
2.4 EHEMETKEFBE® Hebeloma BXT &R EIT A IR FSFR B0 Bz
241 vgEAFE

I AR AR AR R SRR i A B M A S B R a PR R b RIS R S A
fbiaHFRE (E 6) .

1 & 6 T2, AR R BE Eh A Ab B4 F R, 45 0,60 .90 120 mmol/L $h 30 AbFR Y 4404 | TR 4 5% E2H
FALG 442 a S RHIK 18.97% . 1.43% 4.46% F1-6.61% (&l (a) ) ,HEEE b S 11K 24.77% .~0.71% .6.62% Fl
-24.38% (& (b)), M4 E A 51K 20.38% .0.88% 4.79% F1-11.02% (& (¢) ), 60.90.120 mmol/L ki
SEPRAAER A AL 4K a SR 0 mmol/L A 15.76% 33.13%H1 37.93% (& (a) ) , 4%
b & H 0 mmol/L K7 36.75% .36.61% H1 77.78% (& (b)) , M4k 2 & 3 9 H 0 mmol/L Y7
20.59% 33.93% 1 47.10% (&l (c) ) o 60.90.120 mmol/L EhWpa b BEAAMER R IR S 4RAE 4% a 4
7 EE0 mmol/LHY 5 —4.84% 12.91% 1 4.83% ([ (a) ) , 4% 3 b 735 L 0 mmol/L #9 2.16% .10.06%
H17.53% (& (b)), B4 2 A0 ] H 0 mmol/L B i5-3.14% 12.21% F15.49% (K (¢) ) .

3 mmcK 121 = CK 4r . CK
=n - R Lok =5 R = H K R
AB 3r AB
% 2r B = 0.8F AB B ) s
B =1]
£ %D 0.6 B g/ 2
o1 o 0.4t S
1 -
02}
0 0
0 60 90 120 0 60 90 120 0 60 90 120
c/(mmol/L) c/(mmol/L) ¢/(mmol/L)
(a) MH4k% a OLES) (OLiE- =

K6 GHR AT ax 3 AR AR
Fig.6 Leaf chlorophyll concentrations of Lonicera japonica
S BEFE NaCl e EERY T, X BRAL AR R 2R 3% a LR 325 i 52 LS ) T i 1 T B A 8
AL 2R b SR R BT R PR A S R A AR R 3K a FLE SR i B B A T
i A 2R R b R BUETHR S BT R R
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2.42 rrRABNSESKE
A AE A R AR AR AR T R AT S oK, A T 2 120

BRAL BRI LB 56 d I 4 BRAGATA 1 H B 4 K ik = '
AR (B 7). o a2 T
Hi 1l 7 W1 A Rl g 3 oAb B 25 A R, 48 0,60 ,90 mi ol .
120 mmol/L 5 e AL B G AL i AHX B K & B 2
L4 L B 246 0.69% . —8.12% ,2.91% Al 4.11% ; 1F % or
60.90.120 mmol/L $5Ma Ab PR 414 T, B S MAET £ 4oL
J AR K &4 9 H 0 mmol/L B 1.88% . 9. 13% FiI =
11.70% , % BEZH 43 3 e 0 mmol/L 9% 9.87% .7.05% Fil 2or
8.55%. 0
Bt | Ao HR AT T 2 R TS , BE T 4 oy

FERE A 5 K 5 BB R R S, 0 IR R AE M 7 BT R A e SRR R
R AR K B 2 WM )G TS R sh A5k #s  Fig.7 Leaf relative water content of Lonicera japonica
78 120 mmol/L ERJHA N BRI A1 5 X A Z [MIAEAE W E 2
243 MARAEE
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24.5 2RI ERIBACIEAT R B GG 4R AR
H B AL A UE BRAE PR BB SR B 280 T A5 BUAN [R) SR W 2% 1 1 e b OR7: T B < T ) 4 ARAE 45 0
AL FEAR R MR 1 XUN 3R T7 28 0 I (7 3, L3k 4,
4 NaCl 3R REE 5 o0t G BLAE A= RS b B % XU 3R T 28 70 AP 2 (B Or 3%

Table 4 Two-way ANOVA analysis of the response of Hebeloma crustuliniforme to physiological indexes of
Lonicera japonica under NaCl salt stress

i3] MR a HEEZE b S AN K I 2 o AT PR A
£z ) 0.053 0.000 0.063 0.001 32.581* 2.493E-05
EANI 1] 0.245 0.048 0.468 10.273** 26.689 " 0.000

E SR IS E] 0.073 0.029 0.191 3.405" 5.180 0.001

I TP<0.05 K- T 2SR, “P<0.01 KT 2EFHRE,

3R 4 AT, PP o T 55 < v 1) b B I 5 s ) 1 A R AR I 2R 1 1, SR WAt X A AR A R R
TR e 2R 5 B 0 5 el 22 S i 8 3, R R T A5 < R RN R VAR R A AR T R e T 4 R A B I R AR B
K,
25 HEMETRKESEFCEXNSRETEE S TSR EMNEXES

T R A R AC AR R A BT FR BRI 19 53 B, IR AN R E ZEER A A N R EE I A T S SRR
B IFE IR Z AR ARG AHOC UL S CZ (B AH DGR B | DRI AT 8 X6F 45 B AR T4 1 45 T 48 s 1] 9 AH DG M 64 T
HEGRR 30T . 4 A ARAE A T A K AR bR Az A AL FE R A AR SCE I 1 78 5 Ab 21 32 1] Pearson XUAS it AH DG
G307 A5 BIER MM E X S R AR G AR K A S AR BAR AR S e AR DGR S TR IR 5,

F 5  NaCl FhMHA T KB P X A AL 1 AR A8 AR B AL R brst mial 1 A DG 40 A7 3=

Table 5 Correlation analysis of the effects of Hebeloma crustuliniforme on the growth indexes and
physicochemical indexes of Hebeloma japonica under NaCl salt stress

WeE o FE R & BT W b W b ME rgE B R M WER s
ARE ERKE MK RE R SR SN TR TR a &% b AR &R kE AR EAAE
LRSS 1

WK 0.153 1

SRR -0.048 -0.182 1

R

SBE T 0.104 0277 0305 1

ST 0.155  0.3427 03257 0.959°" 1

R BE G -0.071 0.024 0.148  0.704" 0.489"* 1

M I BB 0.183  0.355" 0.316" 0.898" 0.977"" 0.320" 1

R T -0.015 0.143 0212 0.746"" 0.635"* 0.875"" 0.453™"
b 0.169  0.350" 0.323" 0.936"* 0.995 " 0.413 " 0.993 “*0.554™* 1

MR a A 0.408" 0.168 0.101 -0.329 -0.280 -0.285 -0.290 -0.138 -0.286 I

MR b A 0.168 0.237 0.007 -0.187 -0.126 -0.276 -0.076 -0.218 -0.104 0.677°" 1

BIHFR T E 0.358 0218 0.076 -0.306 -0.249 -0.304 -0.239 -0.176 -0.246  0.967 " 0.841"" 1
MRAXTEKE  0.096 -0.391  0.299 0318 0.250 0.326 0240 0.177  0.247 -0.336 -0.356 -0.369 1

[HEzTE e -0.157 0.297 -0.527-0.381 -0.328 -0.352 -0.318 -0.227 -0.326 0.119 0.292 0.188 -0.409" 1
AR -0.314 0.049 -0.245 0.048 0.060 0.072 0.019 0.154  0.042 -0.060 -0.214 -0.117 -0.228 -0.094 1

. "P<0.05 FKFE T BEFSE; 7 P<0.01 KT AR BEEASC,

S AL R AERKE SR o T REE D F LMK (P<0.05) i K S B b5
0 EARSC(P<0.05) , S BT AR 2 IEAHOC (P<0.01) 3 /e SO KA BT e Hb |- BT | Hh
BB A EAR DG (P<0.05) , S IR SR 2 TR DG (P<0.01) 5 SVE BT & 5 8 T BT i | b T 6 o ot
Hb - M T M R R AR IEA DS (P<0.01) BT R S T A b e T
TR b TR A TEAE DG (P<0.01) 5 M 6 B 5 5 Hl e o A W IR A DG (P<0.05) , SR T
JE T R AR S IE AR O (P<0.01) s b b B SR T i e b T B R AR IR AR G (P<
0.01) ;b F T FifE 54 T B S0 35 FAE(P<0.01) ;44K a S SHSE b Mg £S5 205
FIEA K (P<0.01) ;4R E b S5 RIS 3 A S 0 35 IEAH DG (P<0.01) 5 P ARG 25 7K i 5 il 0 R
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=5 B FH A (P<0.05)
3 itk
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