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Manganese stress on morphological structures of leaf and ultrastructures of

chloroplast of a manganese hyperaccumulator, Phytolacca americana

LIANG Wenbin', XUE Shengguo™* , SHEN Jihong', WANG Ping' , WANG Jun’
1 College of Life Science and Technology, Central South University of Forestry and Technology, Changsha 410004, China

2 Department of Environmental Engineering, Central South University, Changsha 410083, China

Abstract: The toxicity symptoms, changes of leal morphological structures and chloroplast ultrastructures of Phytolacca
americana under manganese stress were investigated using hydroponic culture with different concentrations of manganese
(Mn). The results indicated that this Mn hyperaccumualator species has a remarkable tolerance to Mn. Under nutrient
culture conditions, P. americana could grow quite well with Mn supplied at a concentration of 1000 pmol/L. With the
increase of Mn concentration in the culture solution, the leaf morphological structures and chloroplast ultrastructures of P.
americana had some changes. At the Mn concentration reached 5000 pwmol/L, the leaves showed chlorosis and injury
symptoms with yellow-brown spots on the leaf surface. When Mn concentration exceeded 12000 pmol/L, the leaves showed
purple spots on the surface during the 30-day Mn exposure, with an injury rate of 87.33% . Significant changes in leaf
structure were noted, with swollen palisade cells which arranged loosely. When Mn concentration reached above 12000
pmol /L, the mesophyll and epidermal cells were distorted. With further increase of Mn concentration, the chloroplasts
were shrunk with outer membrane disrupted, and the thylakoids swollen and became heavily hollowed. The stroma lamellae

was distorted and grana disordered or blurred as floc, starch grains became smaller and less, and osmiophilic granules
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increased. Although the leaf morphological structures and chloroplast ultrastructures of P. americana had significant
changes under heavy Mn stress, this species could still survive and grow. All these suggested that P. americana had an

extraordinary tolerance to Mn.

Key Words: manganese stress; Phytolacca americana; morphological structure; chloroplast; ultrastructure

HEMYERKELHENMEITCRZ —, 2 5N SR EZI B RR , (B5 S i w52 me BeE v | 1
B T C AR YE H R BRI E Y AE KRR R —, SAE TAT Rz T
TR L B 5 PR AR P4 N0 3h T - 800 3805 Je Mol s R AT 2 26 . SR, 24 i R R B 4 5%
A A 15 YR B TR B ik . ) & SEAR T B SRR AR PR v 1) 4 S AN 2S 4 g s YL AR 18 52 4%
ARUAHA A FRY R R O PR B2 A 98 L . T T R Bifi ( Phytolacca americana L. ) 76 [ 1
YR IR & AR, B A K 5 Bl A KR S TR T e R IR I R BRI B A E K
Tt AR T R A AR AR R R R e AR B AR O T O A WIS, (R X 3 A B
RIS 451 SO S F A 58 I AGEAR /D, AW 52 5146 Jm Wae I | JLEE A8 1) kAR AR ) — FR 9 A 30 3 5 1Y
0 B2 A, A SR ik TR R Uk IR AN [ AL 7 K ST X6 S S R 14 e T A 5 R R I AR TR A A
BYFZNE , LAY N ZH A M K B R R TR PR ATLIL, 2 T A B V5 e R BB S 4R i 2%

1 #EF*
1.1 kR

PAFE Y L (P. americana L. ) S5 phRl, HoFh % ) R 8 WTRLAR R0 IR 54
1.2 WUk
1.2.1 R=EHFHE

P53 5 B R O R TR IR AL B B T IRAR (2540, 5) CHEZE , B fh 78 AR BEA Y b K& 2 i 1 0
B, BEIUAE K — B ERH S AR AT 20 L (8B EHE Y, >R Hoagland R THE 9%, M4 AE K &
7 WA RS IR P S AR AL B (MnCL, - 4H,0) , ZbFE¥E 5351 247 1000 ,5000 ,8000 , 12000 , 15000 pmol/L, LA
Hoagland ZFF H Mn™ IEF A S wmol/L AXT FRALFR (CK) , FRALFE N 2 23170 ¥k, EFWAES d B 1 Ik,
FHHEAE A, pH #HITE 6. 0—6. 2 Z ] FE SRR 25 °C . TERRALTE 30 d J5 RAEMEMRTTREE 5 7t
RRAWRTAC e RSy ey Al N
1.2.2 M RHAER

AL FRBEALR AR /30 AP 15 .30 d 37 Rk R 20 HC, R WinFOLIA 22 & i m BV Ffin A,
FHH: WinFolia {4l i it f A2 F AR S0 5 S AR O3 0 35 %, RS2 i AR S it v S AR e (i
[Epx &

1.2.3 AU R &

FAXUE ) R Bk Y298 0.5 mmx0. 5 mm K/NA/NER 3, R FAA [ E TR E 5, %
WAV R R V)RR R 8 pm , T £1- [ S SUE G o, P I o SR A Motic 50h f U5 ( Motic
B5 Professional Series ) M£¢H-311 14
1.2.4 5 AAE Sh A SOl gE

W ERKPEYI A 2—3 mm, 58 1 mm B 2508 /NI T 2. 5% WO 1 (AR) W B2 24 h DL L,
BAETR 2% PRI Uk, 1 % (ARRITR [T 2 A6 i 2 b, B TR 28 MR TSE R , 28 N TRV B2 1) & Xl A5 (it A 8 TS /K Ah 385 R
FHER R REXTRE G AT 05 37 AL HE 88 ) 7 LK ) 4 0 R i VT 80 nm 1386 R, U1 4 €4 /5 78 JEOL-
1230 AYZ G L N WSS,
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2 GBRE5SW
2.1 A[EVERAL AT Z5 4 ) i Bl v i 453 %

B 5 L R K- Y T e 0 Bt B AR, AR i R AR AR B A B 4 T
Pt RIS I A i AR, FRACIE 15 d )5, T AL T SR AR R RS, X R ARE  E R b e 2
4%45,,5 000 pwmol/L i Ab B /K V-T2 3 iy il 1 B3 TF I A A8V, AR AL I 7K P 3K 31 12 000 pumol/ L Bf 3 ¥ R il
MR BB RIS SEALHE 30 d 5, TP R BGAEARSE A AR FE A K, X BEAR A P B 0 A R IRk, TR S
000 pmol/L FHALI N it 5 FF4f AR St Y B At 0 7E VR R AR B (12 000 pumol/L) , I KA B4R, HH 30
WEGERCD, AR ERSR YA PR E R F] 15 000 wmol/L B, I i 2K Ek 0, -t I K E 55
EBEY, M AR EI G, I, 2RI R S e i i R ER B AR I &,

S P30 X B 1 53— W SRS 1 IR R B, i R 32 M R B DA R SRR AN
G 30 2% X 2 P R B U B E A B A2 R (1) o SR PR E A 1000 wmol/L B, HA4E K
IEH . YERVREEIEE] S5 000 wmol/L B, i by ¥ 4 H IR0 R 7 15 d B AT 38 R 8. 24% ,30 d B R
14.42% , Bt 25 i A B 58 %) P v RTINS0 PR A B 4, I o A 40 3 3R 40 8 I, 24 AR A TR TR A 1 15 000
wmol/L B | 138 15 d Bt 4553 5 Ky 25.60% , 75 30 d BFSAE] 92.72% . PRI T 38 s Jal e 1 i 45 2
A

®1 TRGEREMETEFBMEMHFGEER/ %

Table 1 Injury rate of leaves under Mn stress

JHpiE KA d B £ Mn concentration /( wmol/L)

Stress days 5(CK) 1000 5000 8000 12000 15000
15 0.00=+0.00d 0.00=+0.00d 8.24+2.T4c 10.55+2.37¢ 16.47+3.52b 25.60+6.34a
30 0.00+0.00d 0.00=+0.00d 14.42+3.23¢ 33.63+5.68b 87.33+9.80a 92.72+10.31a

[Fl—FT A F/INE TR R EE ] 22 2 35 (P < 0.05)

2.2 G IR R b R S AR R R R e

XFRRZCAET | 3R BB i Ao L 2N — 2 A0 4L A, HES B ST M A AL SUHE S AR X s (T 1 -
A) . 1000 pmol/L FRACFRIAET , it oAt IR A i A8k AbAS 2 L HE S AR X HR BibA (18 1-B) o SR L K
IKE] 8 000 wmol/L B, i PI 4N I HES B b , A L 20 At B R K, TS AR R R ( & 1-C B 1-D) 76 /5 B2 4 oy
B (12 000 pmol/L A1 15 000 wmol/L) , PRI 20 A S % Bz 40 A 2 A e it , 0 H 2 1 38 B e th 72 B K
(B 1-E K 1-F),

2.3 GRS A R A B 5

MR A R B A F 12 000 wmol/ L B, 35 RSl i R 1T H0 A S 407 B | A 22 I PR 40 LR 3R 2
A & A e . 24 AR AT 8 000 wmol/ L I 1 i F4 4 B 3 4 HE DU 25 55 A I 4 (R 8 A 8 g Je
Wik (E2)

X HEEAETT 2 7 R i o PR) A L v S A S0 2 i B A T HE S, 2 BT s ERTE | S A T i, il
R P — TRTASE T L T ) PP SRR P — TR TR SRR T e B R A (L 2-A) , SRR Y R R T 2
AT JEW, B RS KA, HEF S B R 2 AL 2 M HER 1 45 i S A K Al A A7 (1 2-B
K2-C)

AR B HER K2 1 000 wmol/L 4578 T, iR H RS FHES R & A= A8 Ak, M-SR v 3 ok 1 E
W (I 2-D) , RIAMLRACARE A TR, SR HR L T F 2 & A8 b ik s zs ik, b T2k )2
A P R AN B 5T B LA A K 7 IR A S R (&1 2-E (& 2-F)

A RA BERHER K- 5 000 wmol /L B, W24 % H 3 /b | iSRRI 4 & A AR Ak, FR K R T 5%
WEERIE AR BUBRIE | i S A v 43 e AR AU A8 /N B0 R0 /0 (181 2-G ), RIS G RE 1A BT %,
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Bl1 AEEKELEERF M R RSEEEZm
Fig. 1 Effects of different manganese concentrations on leaf morphological structures of Phytolacca americana
A (5 wmol/L) ,x400;B. 1000 wmol/L, /R M= A LUHESIELBRAL , A HEST , x400;C. 5000 pmol/L, R 21 SURZS A KL, HEF1 =L, x
400;D. 8000 pwmol/L, /RHIHAZH SUB AR, HEFI AL AL , R ANHIZE /1N, x400; E. 12000 pmol/L, 7% M- P 40 g 411 il 25 , x400; F. 15000
pmol/ L, 7 It P 2 [ 12 B A HAH 1 AR T , x400 5 UE: [3REELE: FRE, PT MM A4 ST AR AL CC. 45 iRk (W~ 4b)

2R AR B R 2 Y AL B f | I SRR IR 2 i A, 03 J2 7™ Ei L, SR S R A ik, SR HES Z5 6L (1A
2-H . E2-1),

AR A R AL N KT 3A E] 8 000 wmol/L B, R4 IRH5 ™ 5, SR AR S 45 | Ve oy b 0A 250 i ) ik ik
(B 2-1) R SAOEERE T T REII SRR S SR I R AR i i 25 WAk, AP ™ B ORISR 1k
ZUIR TS R HOURL A 1R I 2 H (B 2-K (B 2-L)

3 itig

R RK LT TR Z —, A m WA HAR R X Fe Mg 70 R 1R ISCANE M, 51 A ik
PEE FECE B, PR R A AT R SRR ZE A BEIR B A s R AR ™) Bt 5 6 ol A e JBE ) v
i[RI RE | 0 1 7 i i A H sl it R R g™ I A ARG O, M RS BT TE SR A R Y RS
Blinb R R S R AR AR T LAV S Y 2 e A A A R PR T A B R R e — R
(B, ] T SRR A B TE IR Mg Fe S5 BUMNL, 4 R A sz B I, i 5 ik s Rk A 3
Yook R0 53, 18 B SR R SE R IR N T SR R R

)7 R Bl P SRR BRI A5 1 T LA AN A2 5 ), B A R B e, R A BUIR S RHES ) R
MU EE R R EUMMASE T HEIE RRGAE S0 S5O T I R A AR HE S A R L LA R AR TR G
YERT A2 R A LR , [R5 A P i 28 s A Al R iz M i S A LR SE Y 4 &, g sy ny
HRLRRE T, X S AR A5 R8O AR AR aa A E R i R R AN & A HL R AR, T RS R T A7
KBV A AR A R DB £ | 3k v MARAR G675 A o8 A5 B UESE

2R R AR YA TG BV TG AN, HSS SR AR 2 A8 1) 50 M AT P P T i S A v A 7 T8 T A 2
HCREFE IR AR B SRR B S DG TR R I E R D RE . F98 R BAE (IR L niy K
FMT R A A SRR SR R R A B R AR A AR BN DA AVE . B AR A B A R K
BITEET , I ERARTT Ui IS R A BE A A8 b, i AR T 44, B 2 AR A A, S 0 e Il SR |, 2
PR YA S 55 | 3R T R PO 3 X SR AR AR 7 AR W S e, B A R S Y R R R e R SR
vt BE ) TH R BT A A R AR ) S S AR S H Bt v BB B R I SR AAR S R 1% M IR B 25— B
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B2 AESRELEIERF &I RSB MERNZm
Fig. 2 Effects of different manganese concentrations on structures of Phytolacca americana leaves
AL B - PR AR, 75 BT SRR (1 S % S 00 40 Y B PR T HE B, S (A VE B KL 22, x6000 3 B. X AR PRI Sk A, 7m 28 4 4 =
B TEM, HESIRE T x40000 5 C. X BRI -2 dA R Bk R R FIEE B 2T M, HESIAT Y, x400005D. 1000 pmol/LL , 7% B 4 S i 241 Jfd B
HED B4 238 BB, x6000 ; E. 1000 pmol/ L, 7 IS (A 43 Sk FI 8L 5 )22 & 2B i IK , xS0000 3 F. 1000 pmol/L, 7R FEHER s ik (I -)
x25000;G. 5000 wmol/L, 7878 SEERIE 44 305 43 Ve M R 0K 28 /1N 5 ikt I B 9870, 60005 H. 5000 pmol/L, 7 ZE & 1425 vl AL B 1 ( WL~
),x15000;1. 5000 pmol/L, /R HSRARIMEFR A FAR ( M<<) , W SRR B i J2 7 S i, S0 S 8 (A 2 Bl , 3k HE 31 ZE L, x60000; J. 8000
pmol/ L, 7 YE A H5UIE 450 B fik 952, x6000 ;K. 8000 pmol/L, 78 ZE 5844 & A W it 25 34K ( W= ) , x40000; L. 8000 pmol/L, 7% Lt {4k 4/ i fige
e (W) ARHORIR SO0, BESRISURLIN S (1) ,x60000; Ch MK G HRLH IS JT A J2 5 g ERRL; O - P AR
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HERPPEWEAE 5 000 pmol /L LA_EI, S piy J5OR 1B R ERIE AL BRI BRI |3 vl RESRE thy T4 2 A 40 i
JG BRI, S B  R R

W A B & i T, SR AR RE R AURL I 22 | SR RL & B AN IR T [, — JBOAEL ) S AR D 5 DR
ki, HyEky & A B p e, AR FLIROT I e d & B R [, ) LRI E A R R, e e 2 iy
DL BRI S G VA B R0 R 10 NS, Y 14 250k a2 150 WA A 0 A 6 3 SR T
PO B B AR G , A P A AL A , 5 LS 22 B LV L, AT 199838 T, 345 I S 0 A0 i e 4 2R — 3
W A N KT 0 7 7 ol - S i e VAR 22 XS AR 2 AR IR A R B R R S TR
e i B e A S PR AL R DG A 1 i — 2P

BRas ' Tl 20 Rk B T R B 4 A AR G LR B 3 R R R L B
ER I 6] f4 8 BE SR A B DAL R G D REB BN R B BIRIAR , 51— R 5 A MU AE LR, S8k
IR A Z B ARER LR 26 T, T R R R 25 45 4 B S R s R R K A AR 3 T R S
T A 5 R RN D REHEAT— A2 1) I FRARA , e 2 DTSl AR G A BRAR 0 5 1 B 6 48 A b 2507 L EAY

HEIIHE
4 Hig

(1) Bl A= R A SR B K T AUBRE o 18] A9 2 4, e e R i o R T ) B 2 B A A5 AR 2
HAEETR 12 000 wmol/L 8 30 d B, M7 KA &%, i PA) S 3% Bz 40 i 4 A= L it A2 98 - 7 45 ROk
87.33% ,

(2) P30 5 50 PR 90 o (A D R A TS A A T 5 0 B i Ak BRKF-  TH
1, SRR TT U AR | SMIE A A R o AR MR e A B 2 s AR, 650 J= AL, B HES ) 2 AL B A
SRR, TEATROBOR AL /N b, e BRI 22

(3) B i i M 3 2 A AR - A 200 S A A2 1 B — E R 9 R 3 A, L e e v Bl A5
HERFHAMARY LR 3R — 0 S W o SR AR W 3 P R e LA B R SR TP
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