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Abstract: The symbiosis of Armillaria spp. and Gastrodia elata is an interaction consequence of the infec-

tion system of Amillaria spp. and the digestive and/or anti-fungi system of G. elata, and this may be
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regulated by temperature. In order to reveal the influence of altitude on the yield and quality of Gastrodia
spp. » and the mechanism how increased temperature damage the symbiosis of Armillaria biological spe-
cies and G. elata, this study determined the yield of G. elata cultivated at different altitudes, and the con-
tents of the main medicinal components gastrodin and p-hydroxybenzyl alcohol. The symbionts of G. ela-
ta were heated up in the room, then activity of chitinase, -1, 3-glucanase, phenylalanine ammonia en-
zyme and polyphenol oxidase were determined, as well as the inhibition effects of homogenate of the G.
elata tube on Armillaria mycelial growth. Results showed that: (1) altitude had a significant effect on
the yield and effective medicinal components of hybrid of G. elata Bl. {. elata X G. elata Bl. {. glauca ,
with the highest yield at 1 600 m and the highest content of effective components at 1 600 m. (2) Temper-
ature significantly affected the antifungal system of G. elata, and the response of G. elata digestive en-
zymes and defense enzyme systems to temperature is different. The specific manifestation is that the diges-
tive enzyme system activity of G. elata increases under low temperature conditions and the activity of de-
fense enzyme system at high temperature. (3) The increase in temperature leads to a significant decrease
in the inhibitory effect of G. elata tissue fluid on the mycelium of Armillaria. There may be heat-inacti-
vating factors in living G. elata that promote the growth of Armillaria. Studies have shown that the in-
crease in temperature caused by the decrease in altitude in Gastrodia planting areas may weaken the ability
of G. elata to digest and inhibit Armillaria , thereby destroy the symbiosis balance between G. elata and
Armillaria. This research has important scientific value for revealing the symbiosis mechanism of Armill-
aria-Gastrodia elata , and has practical significance for the zoning of G. elata cultivation.
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Table 1

Biological strains of Armillaria tested for mycelial growth inhibition by Gastrodia elata tissue solution

A=W i 4

Biological species Species name

& 23 A

The distribution area in China

FFHEEIHRE A, sinapina Be-

KA, K,/ 2¥% % 1% Changbai Mountains, Greater Khingan Mountains, Xiao

KA, K, /N 2%4% 1B Changbai Mountains, Greater Khingan Mountains, Xiao
K, K,/ %% 1% Changbai Mountains, Greater Khingan Mountains, Xiao
ZRdb Hi X B AR EB A B A, K A 1l East and south of Northeastern China,
= # P Northwestern Yunnan

VU AR, 2= ma G EB L 7 80 K 1L 5 8, ok S L, e B, K A I Eastern Tibet, North-

ern Yunnan, Western Tianshan of Xinjiang, Mount Emei, Shennongjia,

Mg, K AL Shennongjia, Taibai Mountains

CBS A rube & Dessureault Hinggan Mountains
CBS B HAERE A. gallica Ma-
- rxm. & Romagn Hinggan Mountains
CBS D WICEWRE A. ostoyae (Ro-
o magn. ) Herink Hinggan Mountains
~ Py P
CBS F Aiir# Unnamed Taibai Mountains
CBS H K14 Unnamed
CBS ] K44 Unnamed
Taibai Mountains
CBS M Jv i T_XE.T w Jﬁ]f ‘/\. borealis Ma-
rxm. & Korhinen
CBS N K44 Unnamed

I J& 11 . K A 1 Mount Emei, Taibai Mountains
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Table 2 Equation used for determining the contents of gastrodin and p-hydroxybenzyl alcohol

i
Standard/(U/L)

P o 1t 28 77

Standard curve equation

K ZE Gastrodin

Xf F2 I EE p-hydroxybenzyl alcohol

y=29.25384x—0.13362

vy=150.89353x+0.07999

o RSD fi Ry R
RSD value/ % Average recovery rate/ %
0.9999 0.63 98. 71
0.9999 1.25 95. 82

R3 AWEBEHREBRRARSERHTELR

Table 3 Equation and activity calculation formula of 4 enzymes

W -1, 374 S wl it JLT it Al Z 1 S AL N R i =R
Concentration/(U/L) B-1.3-glucanase Chitinase PPO PAL

P e i £ 77 B _ g s o= L _ ) . _ g o -
Standard curve equation y = 0.3145lnx 0.3516 y = 0.5051lna 0. 3466 y = 0.0171x + 0.0735 y = 0. 364Ina 0.625
R? 0.9914 0.999 0.9943

RGPS 5K

Activity calculation formula

EXP[(OD+0. 3516)/0. 3145]) X5  EXP[(OD+0. 3466)/0. 5051]X 5

(OD—0.0735)/0.0171 X5  EXPL(OD+0. 625)/0. 364] X5
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a
ER
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= a
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T2 200 b <
= c
151
<
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JUT RS BI1-3 RGN ZMmENtl FHRRMENE
Chitinase Polyphenol Polyphenol ~ Phenylalanine
oxidase oxidase aminotransferase

B Pl A () /N5 SR R BE AL BRE] FE 0. 05 /KT EAFTE
3 M2 8 (Duncan, P<C0. 05)
B L G20 2% 58 KBRS PR 3 A il AR 77 0 G 0 12
X 3k J3E - £ Y O
The different normal letters within same enzyme indicate
significant difference among temperature treatments
at the 0. 05 level (Duncan,P<0. 05)
Fig. 1 Response of digestive and defensive enzyme activities
in hybrid of G. elataBl. {. elata X G. elata

Bl. {. glauca to temperature rise

AREKEHAMRHEL

Table 4 The growth and medicinal quality of hybrid of G. elataBl. {. elata X G. elata Bl. {. glauca at different altitudes

v o KRR i WREAFESE SRR SE SR R T A RNy
Altitude xR IR A5 Gastrodin P-hydroxybenzyl Total gastrodin ~ Total p-hydroxybenzyl Total active
/lnl: ¢ Drying rate Growth rate content alcohol content content alcohol content ingredient

/(mg/g) /(mg/g) /(mg/g) /(mg/g) /(mg/g)
850 0.1840.06a 9.0741.21b  1.9940.13b 0.2440.02a 4.1140. 53a 0.5240.07b 4.6340.59a
1600 0.18+0.05a 14.88+1.49a 1.91+0.17b 0.2740. 04a 5.31+0. 56a 0.76=+0.12a 6.07+0. 64a
1900 0.194£0.05a  7.48£1.10b  2.39£0. 14a 0.23£0.02a 5.05£0.42a 0.54£0.07b 5.60£0. 48a

T < R P A ) 5 B R B R MU FE 0. 05 KF A 3% 22 5

Notes: Data in a column marked with different normal letters mean they were different significantly among different altitudes at 0. 05 level
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Positive values promote growth and negative values inhibit growth.
The lowercase letters within same species represent
the significant difference among temperature treatments
at 0. 05 level (Duncan, P < 0.05)
Fig. 2 Change rate of colony area and biomass of haploid
mycelia of Armillaria spp. treated by extract from hybrid

G. elata cultured in different temperature conditions
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