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Effects of spent mushroom substrate polysaccharide on rice seed germination under copper stress

ZHAO Ze—wen, YANG Zheng-ning, WAN Lin, CHENG Xin"

(Jiangxi Engineering Laboratory for the Development and Utilization of Agricultural Microbial Resources/College of Biological Sciences
and Engineering, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: To investigate the effect of soaking seeds of agrocybe cylindracea spent mushroom substrate (ACSMS) polysaccharides on the
growth and development of rice under copper ion stress, hydroponic experiments were conducted to study the effects of different concentra-
tions (1, 10, 100, 1000 mg- L', and 2000 mg-L™") of ACSMS polysaccharides on rice seed germination and the related physiological and
metabolic indices under copper stress. The results showed that with an increase in copper ion concentration in nutrient solutions, the toxic
effect of rice seeds was increased, the germination potential and germination rate of rice seeds were inhibited, and the root length became
shorter; in addition, the plasma membrane was damaged under copper stress. The relative conductivity and the malondialdehyde (MDA )
content in rice seeds were increased, and the antioxidant enzyme (catalase(CAT), peroxidase(POD), superoxide dismutase(SOD) ) activi-
ty was decreased. The addition of different concentrations of ACSMS polysaccharides alleviated the toxic effect of rice seeds exposed to cop-
per stress, and the germination potential and germination rate of rice seeds were increased. This effect was particularly obvious in rice germ
roots. Simultaneously, the addition of ACSMS polysaccharides could repair damage to the plasma membrane and reduce the content of
MDA, soluble sugar, and soluble protein in the rice seeds. In conclusion, this study indicated that ACSMS polysaccharides could effectively
alleviate the adverse effects of copper stress on rice seed germination.
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Table 1 Effects of different concentrations of copper ion on seed germination of rice

A3 K R R EaN
Treatment/mg- L™ Germination potential/% Germination rate/% Root length/cm Shoot length/cm
0 59.67+2.08a 97.67+1.53a 7.60+0.20a 6.88+0.90a
2 48.33+2.52b 90.63+1.53b 6.55+0.63b 6.54+0.94a
4 44.33+1.53¢ 89.63+2.08bc 5.52+0.60c¢ 6.92+0.86a
6 38.00+2.00d 83.33+3.06d 3.53+0.32d 6.59+0.62a
8 32.33+2.52¢ 86.00+3.00cd 2.78+0.37e 6.47+0.58a
10 28.00+2.00f 64.67+1.53¢ 2.63+0.24¢ 6.25+0.67a

T A RN B 3R A B 22 5 2 35 (P<0.05) o R Tl

Note: The different lowercase letters in a column indicate significant differences among treatments at P<0.05 levels. The same below.

R2 FREREREFXKEMFRESEFREENRRE T

Table 2 Effects of different concentrations of copper ion on copper ion uptake and plasma membrane permeability

on seed germination of rice

Lb § 3 F-%5 it Copper ion content/pg-g ' DW AHNFHL 2K Relative conductivity/%
Treatment/mg- "' i Root 2§ Shoot 2 Root 2§ Shoot
0 27.50+0.20f 11.00+0.35f 2.67+0.03f 2.45+0.08¢
2 144.50+0.25¢ 17.000.20e 2.99+0.08e 5.67+0.08a
4 227.000.15¢ 24.5020.65d 3.65£0.19¢ 4.5420.10d
6 590.000.35a 26.000.25¢ 3.45£0.02d 5.68+0.21a
8 344.50+0.45b 29.5020.10a 3.89+0.03a 5.04£0.14b
10 146.0020.10d 27.5020.20b 3.71£0.05b 4.59+0.05¢
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Table 3 Effects of different concentrations of copper ion on rice MDA and the effects of antioxidant enzymes

pGEL (I g i Tl AR U 1 b AR ALY A B T
Treatment/mg+ L™ MDA content/mmol « L”'FW CAT activity/U-¢' POD activity/U-g™' SOD activity/U-g™'
0 3.31+0.08f 16.00+2.19a 18.20+1.53a 150.35+5.28a
2 3.66+0.08¢ 13.64+1.59b 11.40+1.12b 142.10+4.40ab
4 5.02+0.22d 12.48+1.45b 11.08+1.19b 143.61+3.96ab
6 11.33+0.02b 10.48+0.63¢ 12.08+1.93b 136.42+2.25h
8 10.73+0.16¢ 7.80+1.54d 10.48+0.93b 109.89+2.35¢
10 13.14+0.21a 8.08+0.64d 11.24+0.99b 107.52+12.90¢

FE4h 25 MDA & &, FLBE 8 25 U E 38, MDA
S AW BT o S B TR 10 mg - LEE, 5 X
HEAH L, N RS 4 T 296.98%

B A AL (CAT . POD . SOD) 2 21 L P37 B3 i
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LA (H0) FER P IR N IR B . R 3 25 T LA
F 8 B A 2R, KRS H CAT.SOD . POD 3
Tl 70 S AL il 4 35 P 359 /N T X IR 4, HL Bk POD 28 B AR
AN, CAT F1SOD [ 1 14 ¥ Bifi ] 125 - 8 1% 34 o
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Fo , CAT 3% 7 F F& T 49.50%, SOD ¥ 7 F W& T
28.49% ,POD i VE TR T 38.24%.
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B ARSI RN
2.2.1 XPZKAEFD T & 15

A 2 TRTARE 22 B 0 B8 Tl aE T K RS A Y i
K EAMEIER . R4 0], BEF 2SR 2% R 2 b
WP BN, BT 10 ke ZE BRI R 2SR e B in s B
I, Horb 1000 mg - L 25 B 2% DA 22 00 X b - 110 & 2
PRE SRR U E O B3, ST Pl R

F4 AEREFHEEE RS ENEE FIET
IKFEFFEA A MR
Table 4 Effects of different concentrations of agrocybe
cylindracea spent mushroom substrate polysaccharide on rice

seed germination under copper ion stress

b3 Ve R S
Treatment/mg- L™ Germination potential/%  Germination rate/%
CK 59.67+2.08a 97.67+1.53a
0 38.00+2.00e 83.33+3.06¢
1 36.00+2.00e 79.00+2.65d
10 43.67+2.08d 84.00+2.00¢
100 44.67+1.53¢ 85.33+3.06¢
1000 57.67+1.53ab 91.67+1.53b
2000 55.33+2.08b 90.33+1.53b

T A W BRORE 22 0 AR LE L A B R T 51.76%
10.01%, #2311 CK 4B A K46 h5 -
2.2.2 XFAKAERPFHR AN ZE A KR hR A5

P L 1T 2 AT R0, 2508 o DR 22 W o) ] 5 i
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HERSCR 2 . BB AW 0 TR 22 vk B i , HCXT
IKRE L AR A AR TR 8, 5 AU ATI 2%
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96.14% .54.94% (85 CK A HLAFAE—E 2200
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FH &1 3 AT, BB 25 ) 0 TR 22 Wik J32 A 14
IKRE L B AR TR AN AN 28 4 B 7 o i A B TR R
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ZEH R R i o AN [RDHR B G 2 20 R R 22 b
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A 200 B 1) 353475
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The different lowercase letters indicate significant differences among treatments at P<0.05 levels. The same below
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Figure 1 Effects of different concentrations of agrocybe cylindracea spent mushroom substrate polysaccharide on root length , shoot length,,

root fresh weight, shoot fresh weight of rice under copper ion stress
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Figure 2 Effects of different concentrations of agrocybe cylindracea spent mushroom substrate polysaccharide

on rice seed germination under copper ion stress
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Figure 3

Effects of different concentrations of agrocybe cylindracea spent mushroom substrate polysaccharide on copper ion uptake and

plasma membrane permeability of rice under copper ion stress

2.2.6 XPIKFEFIF MDA & & K i A BT 1 10 5% i)
] 25 3B T WS 0 S R s TR 22 M T L % e

B RDKRERD R F VR BRI MDA & &, B 4R

PRI TETE . R 6 rT A1, 5 CK AR EL , AU

ZHEAL I MDA 75 548 5 1 349.66% , 1A A [ v
JEE TR 4 AR 22055 A VS N 22 WA BAR B, 43 31 T B
T 10.20% .10.52% .29.02% .45.75%.53.91%; 5 CK
EE , AR WS N 22 4 Ak BN Bt AL I (CAT .POD . SOD ) i



478

0mg-L"

1 mg-L" 10 mg- L™

100 mg- L

/-
x
¢ §

4 REFE S IAREIREFRGEE RS MBS FHME TABRRRETEERZm

URIEIRCX ity F3965 38
K

1000 mg-1," 2000 mg-1."! C

Figure 4 Effects of different concentrations of agrocybe cylindracea spent mushroom substrate polysaccharide in the rice root tip cells

at eighth day under copper ion stress
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Figure 5 Effects of different concentrations of agrocybe cylindracea spent mushroom substrate polysaccharide on soluble sugar

and protein of rice under copper ion stress
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Figure 6 Effects of different concentrations of agrocybe cylindracea spent mushroom substrate polysaccharide on MDA and the effects of

antioxidant enzymes of rice under copper ion stress
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