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Effects of manganese stress on physiological and
biochemical characteristics of Arundo donax
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Abstract: We studied the effects of manganese stress on Arundo donax. The Hoagland nutrient solution served Mn
provider agent by treating seedlings with final Mn concentrations of 0.0(control group), 0.2, 0.6, 1.0, 1.4 mmol/L. The
physiological and biochemical components of giant reed leaves were measured at 8, 16, 24, 32 d after Mn treatment, and
photosynthetic characteristics of giant reed leaves were measured at 47, 94 d after Mn treatment to explore its tolerance to
manganese. The results showed that no significant changes were detected in the chlorophyll content among the treatments
and the control except for the case of 0.2 mmol/L at 24 d. The content of proline was significantly higher than that of the
control in the early stage (8 d), then decreased(16 d), and was the lowest at 32 d, with no significant differences among

the treatments and control in the latter three stages except for the datum of 1.4 mmol/L at 24 d. No significant differences
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were observed in the MDA content except for the case of 0.6 mmol/L at 24 d. Though no differences were displayed in

the relative exosmosis rate among the groups in the former stages of the treatment, the values increased significantly at 32

d when compared with the control except for that of 0.6 mmol/L treatment. Compared with the control, the activities of

SOD were inhibited significantly and the activities of CAT were enhanced under 1.4 mmol/L Mn in the latter two stages.

However, Mn treatment imposed little influence on the activity of POD through the experimental duration except for

distinct inhibition at 16 d. Both the values of net photosynthetic rate tested at 47, 94 d decreased obviously with the

increase of Mn concentration, till the lowest 6.5 pmol/(m?®-s). The seedlings presented no symptoms of manganese

toxicity during 96 d, indicating giant reed had certain ability of tolerance to Mn stress, which made it possible to be

considered as a potential crop for ecological restoration of manganese ore wastelands.

Keywords: giant reed(Arundo donax); manganese stress; heavy metal; physiological and biochemical characteristics;

photosynthesis feature; tolerance

( Cu Zn Mn Fe )

(1

(459 mg/kg) (583 mg/kg)™

(4]

(3]

(Arundo donax)

[6-8]

[10-11] [12-14]

Pd
Cu—Zn

1 #MRISREZE
1.1 ##
2017 6

1.2 A&

1.2.1 AZEIRAFNE

12 15 L
Hoagland
7 d
Mn Mn
1.4 mmol/L 5 Mn
T1 T2 T3 T4

(

( Mn
Mn 8 16 24 32d
Cd 1
3 4°C
(MDA)
[17]

[18]

1/4

MnCl,-4H,0
00 02 06 1.0
CK

1 Mn

) Mn 32d

( )

TYS-B)
[15]
(TBA) (16]
(NBT)
(SOD)

(POD)



214 ( ) http://xb.hunau.edu.cn 2021 4
(CAT) 22 SEMEXTEYERERRE S BN
1.2.2 hAskaz 2 §d  Mn
CK Mn
4 L 1.2.1 16d
Mn 96 d 8d
Mn 47 94d 24d T4
3d 3 09:00—11:00 32d
1 3 )
LI-6400 (LICOR) 3 Mn
(Pw) (Gs)
(T (%) 32d
(Ca) (Lo
L=1-C;/C,
40 L a BCK BTI OT2 RT3 OT4
13 HESHR S, a
® 100 L -
Excel 2003 = \ﬂ
80 3
GraphPad Prism 5.0 %ﬂ
60 %Zﬁ o
Mn 10 %ﬂ 13
Ne #
\? 4
20 i ‘“\W\‘ #
o LA N N
+
2 HR5S ’ Mo .
2.1 S$EPMBXM AR EENS 2
(P<0.05)
! Mn B2 Mn BHE TV B SR B 5
CK 24 d T1 Fig.2 The proline content in leaves of Arundo donax under
CK Mn stress
16 d R e 44 = s =/
Mo 2.3 SEEXTEMARZE S E XRREMRIF
3 Mn 2
s | BCK @TI OT2 ®BT3 BT4 MDA Mn
£ 1 L MDA Mn 24 d
2 N { TS M MDA CK
\ M “%5 T2 MDA CK
20 R ¢
N7 %ﬁ %g 32d MDA
10 ] N N
N NI DN
24 32
“ 24.d
32d
(P<0.05)
Bl MnBETEMHHHEEENEE T2 Mn
Fig.1 The chlorophyll relative content in leaves of Arundo CK Mn

donax under Mn stress



215
SOD
SOD
32 d
Mn
T4

e e

B

32
SOD

Mn
CAT

POD

@ T4
CK
32d
Tl
T4
Mn
POD
D Mn
CK
CK
D
CAT
Mn
Mn
Mn

oT2 ®|T3
Mn
CK
32d
PO
PO
POD
d Mn
Mn
16 d
8 d
T1
24 32°d

16d

CK

16d
SOD
POD
T1
16

n
d

n

SOD

8 24d
6

1
8

z:-

3

B2 & EFERTSM

Ed

BCK @TIl
CK
Mn

CK
n

4

CK

D

=t

0]
D

2 3

100 -

24d
T4
CAT

(P<0.05)

3 Mn B TRAEMEIA

Fig.3 The MDA content and the relative exosmosis rate in leaves of Arundo donax under Mn stress

0T4
32

B T3

B CK BTl oT2
Mn /d
8d SOD
BCK BT!] OT2 BT3 OT4
16 24
Mn /d
OT2 WT3 @AT4

BCK @ETI

;M M
= O
o
<t
N =
m
S  #
ﬁ
A g 4
@) @) mE
v
— +
< =
=
T
o B
=
m by
hoj
== Ln
S &«

Il e e e e e ol ol

© .wg

EAMBEXT A I EEEE MR R
35 F@ECK BT OT2 BT3 OT4

0.06 I
400
350 |

47
2.4

Mn
CK

47d
T3 T4
Gs
CK TI
94d

T3

Mn
CK TI1 T2 T3 T4
T1 T4
Mn

Mn

(P<0.05)

4 Mn BB TAMAY SOD #1 POD 5 CAT &4

Fig.4 The activity of SOD, POD and CAT in leaves of
Arundo donax under Mn stress



216 ( ) http://xb.hunau.edu.cn 2021 4
Mn T4 Mn P, G T
C; Mn T4 Mn P, G T, Mn
T2 T3 T4 P, CK Pa Ci 94d Mn P, G
6.51 umol/(m*s) T3 T4 G, CK Mn P, G, Mn
T1 T2 T G Ci
47d Pn G T
x1 MnHETHEMHEICERE
Table 1 The photosynthetic characteristics in leaves of Arundo donax under Mn stress
P./(umol-m*s™) Gy(mol'm>g™) T/(mmol-m>g™)
47d 94 d 47d 94 d 47d 94 d
CK (14.99£0.57)a (19.6244.62)a (0.35%0.17)a (0.3240.04)a (10.50%1.57)a 8.45+2.49
T1 (14.34+0.95)a (17.30+5.08)ab (0.32+0.16)a (0.34+0.10)a (10.04+0.71)a 8.53+1.31
T2 (13.43+1.06)ab (15.88+5.06)b (0.24+0.12)b (0.33+0.15)a (8.47+0.84)ab 8.08+0.60
T3 (11.47+0.77)be (6.51£2.55)c (0.27+0.14)b (0.162£0.14)b (8.94+1.22)ab  6.31+0.92
T4 (10.24+1.85)c (7.04+1.48)c (0.18+0.09)c (0.190.05)b (6.81+1.32)b 6.43+1.24
Ci/(umol-mol ™) L,
47d 94d 47d 94d
CK 270.63+12.11 258.284+38.03 (0.26+0.03)c (0.33+£0.06)a
T1 258.66+16.65 269.85+21.53 (0.29+0.05)b (0.29+0.03)b
T2 247.79+21.19 269.94+16.83 (0.32+0.06)a (0.28+0.04)b
T3 255.17+10.56 305.85+15.62 (0.3120.07)ab (0.2240.07)c
T4 243.10+31.18 305.83+10.31 (0.34+0.08)a (0.22+0.08)c
(P<0.05)
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