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Effects of cadmium on the growth, mineral nutrition and
oxalic acid secretion of a dark septate endophyte

WANG Kangyangl, WU Jiongl, HE Yongmeil, ZHAN Fangdong*l, LI Tao?,
ZHAO Zhiwei’

1 College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, Yunnan, China
2 State Key Laboratory for Conservation and Utilization of Bio-Resources in Yunnan, Yunnan University,
Kunming 650091, Yunnan, China

Abstract: [Background] Dark septate endophyte (DSE) widely colonize plant roots in cadmium-
contaminated habitats, and can enhance host plants’ uptake of mineral nutrients and cadmium tolerance.
[Objective] The response of DSE Exophiala pisciphila to mineral nutrient and low molecular weight
organic acid secretion was studied. [Methods] Liquid culture method was used to explore the effects of
different concentrations (0, 25, 50, 100, 200, 400 mg/L) of cadmium on DSE mycelial growth, mineral
elements (nitrogen, phosphorus, potassium, sulfur, magnesium, iron, calcium) and cadmium content and
oxalic acid secretion. [Results] With the increase of cadmium concentration, the mycelium biomass
dropped by 22.8%-90.6%, and the content of nitrogen, potassium and iron in mycelia decreased by
26.0%-52.8%, 53.8%-92.9% and 12.8%-34.3%, respectively. The phosphorus, magnesium and calcium
content increased by 15.4%-111.4%, 20.4%-31.4% and 35.1%—-62.5%, respectively, and the sulfur
content increased by 25.1% under 100 mg/L cadmium. Cadmium stress also caused a decrease in the pH
value of the culture medium, and the oxalic acid concentration and the oxalic acid secretion per unit
mycelium elevated remarkably. Correlation analysis showed that the cadmium content in mycelia was
negatively correlated with that of sulfur and potassium (P<0.05, P<0.01), while positively correlated
with oxalic acid secretion (P<0.01). [Conclusion] Cadmium stress can significantly inhibit the growth
of DSE, change its absorption of mineral elements, and promote the secretion of oxalic acid.

Keywords: dark septate endophytes (DSE); biomass; mineral nutrients; oxalic acid; cadmium tolerance
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Figure 1 Effect of different cadmium concentrations
in culture medium on mycelial biomass in
Exophiala pinsciphila mycelium. The data in the
figures is the mean+standard deviation of 4 replicates,
with different lowercase letters indicating significant

differences between the treatment and the control
(P<0.05). The same below.

* 1 TREKRERPEEGIMNISELRA. B0
HEAE

Table 1 Nitrogen, phosphorus and potassium content
in mycelium of Exophiala pinsciphila under cadmium
stress at different concentration

Cd e i N &4t P i K &

Cd concentration Content of Content of  Content of
(mg/L) N (mg/g) P (mg/g) K (mg/g)

0 28.70+1.85a 5.47+1.36b 12.00+2.13a
25 21.23+£3.06b 11.55+0.46a 5.54+1.52b
50 15.63+4.13b 7.49+1.49b 3.10+0.32bc
100 16.10+0.40b 6.31+0.82b 1.64+0.88c
200 18.67+1.23b 7.21+0.67b 1.16+0.36¢
400 13.53+1.63b 8.71+1.43ab 0.85+0.06¢

T« A — 51 v AR RN 7Bk 75 Ak B XS BE 4 22 [R] 47
16 IR 3 95 57 (P<0.05) B il I 25 22 5% (P<0.01), R [F]

Note: Different lowercase letters in the same column
indicate a significant difference (P<0.05) or an extremely
significant difference (P<0.01) between treatment and
control. The same below.
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MR T 2205 . BE . B5AIAR /E(P<0.05). H
o, B SRR AR B RN, T2 i R
JeHE MG REAR A MR 100 mg/L HY4R 0
BT, WemEREEM 25.1%; MKER
400 mg/L M T, WL SRR E T F
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T, AR 20.4%. 31.4%. 23.8%. 21.0%
F155.9%., 43.6%. 35.1%. 62.5%; HJEH 50,
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T, FRIE A 24.9%-34.3%,

WK 2 frR, 25,50, 100, 200 A1 400 mg/L
BTN, WIAREFR 7 d AN R 2R
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2.3 WXMEGEINMNLER L IR

WK 3 Fis, SRTBRBAE 7R 4878 F Al s
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WE 4 fon, R DRI E D g
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%2

BE 3R pH HY B T BEIRN 7.3%-24.7%.

M & 5 A, S REAH G, M2 50100,
200 1 400 mg/L #aMME T, W8 HMHE R 245
FER LRV JE 31 25.0%—62.5%; [H £ 5 R
Syl RN o, WREESh 400 mg/L @I
BT, WZZERR MR B 5 KA 34.93 mg/g.
24 tHXMHH

HAHSCPEA T AT S, 22 Cd & i SRSy
WA B B 2 IEAH O (r=0.844, P<0.01), 5%
W e B E e (r=—0.611, P<0.05), S5H##
PR B AR U G (r=-0.692, P<0.01)

3 & #

TR WX BT T 3R (4 WSOR 32 4% L R
st X Rl AR A W A N S S S R
JCEZ I M EAE A ", 7RG R 2R
LSRN 53 . W o s SR A B AR DG B i
B, RFAIRTE BE Z R S E AR R AR A
PRI, R 4B XL 4 E P, —
Ji D, HA R A R A 2 LR O R
fbo WF5EFRM, SE T, 5 FOME R B
L2 WS N, T L v R AR a2
P 5 FhAME BEAR FLTA B 22 B i
oK W38 T B AP HE TR AR EL T (Pisolithus  tinctorius)
715 TR 224 S i [, T LR A SR RS N TR 22

AERERHBEEIIMNABEELI. %, SKNESHIE

Table 2 Sulfur, magnesium, iron and calcium content in mycelium of Exophiala pinsciphila under cadmium

stress at different concentration

CdWKE s ekt Mg 77t Fe #rht Ca frit
Cd concentration (mg/L) Content of S (mg/g) Content of Mg (mg/g) Content of Fe (mg/g) Content of Ca (mg/g)
0 4.45+0.29b 1.23+£0.09b 1.04+0.03a 0.46+0.03¢

25 4.69+0.34ab 1.22+0.04b 0.90+0.15ab 0.54+0.02bc

50 5.08+0.25ab 1.49+0.00a 0.68+0.02b 0.72+0.06a

100 5.57+0.30a 1.62+0.05a 0.76+0.02b 0.66+0.03ab

200 4.18+0.50bc 1.52+0.04a 0.74+0.03b 0.62+0.04ab

400 3.29+0.33¢ 1.49+0.15a 0.78+0.08b 0.75+0.08a
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Figure 2 Effect of different cadmium concentrations
in culture medium on cadmium content in Exophiala
pinsciphila mycelium.
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Figure 3 Acid produced by mycelium of Exophiala

pinsciphila. A: No cadmium stress; B: 400 mg/L
cadmium stress.
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Figure 4 Effects of cadmium stress on pH value of
fluid medium culturing Exophiala pinsciphila.
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