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Arbuscular mycorrhizal fungi improve physiological metabolism and
ameliorate root damage of Coleus scutellarioides under cadmium stress

HOU Yanan, JIANG Fan, ZHOU Shuyang, CHEN Dingyin, ZHU Yijie, MIAO Yining, CENG Kai,
WANG Yifang, WU Min, LIU Peng’

College of Life Sciences, Zhejiang Normal University, Jinhua 321004, Zhejiang, China

Abstract: Soil cadmium pollution can adversely affect the cultivation of the ornamental plant,
Coleus scutellarioides. Upon cadmium contamination of the soil, the growth of C. scutellarioides
is impeded, and it may even succumb to the toxic accumulation of cadmium. In this study, we
investigated the effects of arbuscular mycorrhizal fungi (AMF) on the adaptation of
C. scutellarioides to cadmium stress, by measuring the physiological metabolism and the degree
of root damage of C. scutellarioides, with Aspergillus oryzae as the test fungi. The results
indicated that cadmium stress increased the activity of superoxide dismutase (SOD), peroxidase
(POD), and catalase (CAT), and the content of malondialdehyde (MDA) and proline (Pro)
within the cells of C. scutellarioides, but inhibited mycorrhizal infestation rate, root vigour and
growth rate to a great degree. With the same cadmium concentration, the inoculation of AMF
significantly improved the physiological indexes of C. scutellarioides. The maximum decrease
of MDA content was 42.16%, and the content of secondary metabolites rosemarinic acid and
anthocyanosides could be increased by up to 27.43% and 25.72%, respectively. Meanwhile, the
increase of root vigour was as high as 35.35%, and the DNA damage of the root system was
obviously repaired. In conclusion, the inoculation of AMF can promote the accumulation of
secondary metabolites, alleviate root damage, and enhance the tolerance to cadmium stress in
C. scutellarioides.

Keywords: Coleus scutellarioides; cadmium stress; arbuscular mycorrhizal fungi (AMF);
physiological metabolism; root damage
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AMF; D: Cd40+AMF. Bar=50 pum.
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AMF infection of Coleus scutellarioides root system. A: Cd0+AMF; B: Cd10+AMF; C: Cd20+
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®1 TR4LET AMF RES5FEMHEEKIFR

Table 1 AMF infestation and Coleus scutellarioides growth under different treatments

Vaccination Soil Cd concentration Mycorrhizal Spore Elongation rate of Root elongation

processing (mg/kg) infection rate (%) count (cm’l) plant height (%) rate (%)

NF 0 - - 54.60+1.29° 34.83+0.3480°
10 - - 44.90+1.04° 25.60+0.44°
20 - - 34.60+1.40° 19.03+0.23°
40 - - 29.20+1.08° 12.40+0.468

AMF 0 51.24+7.56* 18.33+3.12% 60.47+0.82% 35.77£0.27%
10 45.67+£2.53% 12.32£2.54®  51.67+0.95° 28.57+0.44°
20 40.72+2.54" 11.78+1.25%  43.33+0.73° 23.50+0.38¢
40 27.78+2.51° 7.33+0.64° 37.13+0.75¢ 14.50+0.44f

The data in the table is the mean+SE, and the same letter after the same peer data indicates no significant difference at the P<0.05
level. NF refers to Coleus scutellarioides plants that have not been inoculated with arbuscular mycorrhizal fungi; AMF is Coleus
scutellarioides plants inoculated with arbuscular mycorrhizal fungi.
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Figure 2 Changes in antioxidant enzyme activity of Coleus scutellarioides under the interaction of
arbuscular mycorrhiza fungi. Fresh weight, abbreviated as FW, refers to the weight of a substance in its fresh
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Figure 3 The content of rosmarinic acid (A) and anthocyanins (B) in Coleus scutellarioides under different

treatments.

http://journals.im.ac.cn/cjben



RUE % | EHE T AR LR R S TR PR SRS O B

2.5 AMF XtEfiE TEMHEIR Rt
P

R ZR 1 772 % W s AR 22 A= A 1 2 ) E 2L
A FRFE bR, (R S 24 26 AR bR L o A K i A
IR, ] o R A AR 0 85 BE T R /NER
% 2 7R, CdytNF Fill Cdyo+NF P AUHR R 1%
TR Z A AT, Al ILRSsidIaR
RIEHE AR Ah, 55 AMF 4 B9AR 96 7135
B TR AMF 4, Hrp CdyotAMF 4 IR R
WNRFRZ, W7 3535%. 4L, AMF
AR ROAR R, BEFRR R
IEH A,

FEBEFAILEBES DNA 256 X% Hik
B, [RIEF AR R  A v M R, I E
iof W SRR | B R A5 Dy U] 4 I AR
G0N, mabE R YK T, DNA 2B P 1)
IEWAERTE e BRI, i R A R = 3R
IR, DR AT e R R A RS
JESRFIK: DNA BFREERY, & 2 nThn, &

r @l Cd,+NF m Cd,,+NF

330 mm Cd,+NF Cd,,+NF i
S 30} ECIFAMF @ CditAMF %
5| CCdtAMF 3 Cdyy+AMF
g B g s
e
= Jf-b o d
|5
&
3
e
oy

Time (d)

HEAT B 20 % 2 DNA JLF- B 324, it fin
AR 2R T ARBRENGE . & AMF
YEHIH) DNA BRI AR4ER AMF 3%, Cdo ik
FETINIAE, FFEIEE 41.25%, F0L AMF 6
AR A R s AR R DNA #5453, 4Rt
BB E T

3 k5 &#

A B AR B TR A A [R] 28 8 1 i b B S R
HISETETE, BERSS 80%—90% it Ak AWM &
T & PGS 55 00 B B AR RDY ) AMF BV
(1)) b i 2 2H B 8 WY E ST AEL 0 BE T () 4 R A
A I HA BRI Y SRR e i
AMF 52z 3tA: | i sl B 55 35 i i el
RYCRIRI T B 518 R, ree i
HASENAE, REIFEPIW KB, AMF 1]
545 (Nicotiana tabacum L.)JE i B 4 24 2%
F, SENAERAR R ACTE AR RAKA . ABFIES,
RE7R AMF 5RMRUE G 5 (kT vk |

joe}

90 - mm Cd,+NF mm Cd,/+NF
g0 b @ Cd,+NF = Cd,+NF a
E 70 B Cd+AMF @ Cd,tAMF 4
ol = Cd,+AMF =3 Cd,+AMF 1
= 60+ < be §
2 2
250+
E 40 [ G
=
S 30
‘é 20 X
d
10
0
20 30

Time (d)

4 AREIRE CdUETEME Pro @2 A) LR MDA 22B)  HRn2% 5 DA I HZE ANOVA
For o P IS 5 (Duncan) 53 - S )N 575k 473 ] I B9 [7) b 020 ] 2 57351 525K - (P<0.05)..

Figure 4 The content of Pro (A) and MDA (B) in Coleus scutellarioides under different treatments. The
significance of data differences was analyzed using Duncan’s analysis in one-way ANOVA, where different

lowercase letters indicate significant differences between different treatment groups during the same period
(P<0.05).
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Table 2 Changes in root DNA damage and root vitality of Coleus scutellarioides under different treatments

Group CdytNF Cd;¢+NF Cd,ot+NF

Cdyy+NF

Cd+tAMF  Cd;gtAMF  Cdye+tAMF  Cdg+AMF

DNA
damage image

L Tail 0.370+ 0.650+ 0.940+
0.002 17 0.048 0° 0.030 0°
Tail DNA% 0.026+ 5.730+ 8.040+
0.002 78 0.280 0° 0.370 0°
™ 3.190+ 5.480+ 8.400+
0.078 08 0.300 0° 0.240 0°
Root activity 146.310+ 150.670+ 140.470+
1.760 0% 1.760 0° 2.730 0%

1.570+

0.029 0°
16.330+
0.720 0°
12.550+
0.290 0°
99.000+
4,041 0F

0.078=+ 0.380+ 0.770+ 1.370+
0.000 38 0.015 0f 0.028 0¢ 0.012 0°
0.014=+ 3.028+ 6.820+ 13.340+
0.001 88 0.210 0F 0.380 0¢ 0.610 0°
3.930+ 5.390+ 6.530+ 10.600+
0.150 0f 0.150 0° 0.620 0¢ 0.510 0P
154330+  163.560+  172.600+  134.000+
1.200 0% 3.210 0° 3.480 0° 4,041 0°

The data in the table is the mean+SE, and the same letter after the same peer data indicates no significant difference at the P<0.05

level. Bar=50 pm.
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