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Abstract: The main sugarcane production areas of China have been suffered from sugarcane seedlings chlorosis for
several years, which affected sugarcane production and threatened sugar security of China. Manganese (Mn)-induced
chlorosis and its relationship to iron nutrition in sugarcane seedlings were investigated by hydroponic experiments to
elucidate mechanisms for the chlorosis in plants. The results indicated that a significant chlorosis symptom was exhib-
ited on young leaves of sugarcane seedlingswith the increase of Mn content in sugarcane under excessive Mn stress.
Chlorophyll content in young leaves decreased from 1.71 mg * g' FW (control) to 0.86, 0.85, 0.64 mg * g' FW, re-
spectively, after the sugarcane seedlings were exposed to 250, 500 or 750 pmol « L' Mn solution for 10 d. Excess
Mn inhibited iron (Fe) acquisition by sugarcane seedlings. which resulted in significant decrease in Fe acquisition rate
(3.22—4.40 mg per plant). Fe content (116.8—128.6 mg * kg’ DW) in young leaves decreased significantly with the
increase of Mn-treatment concentration. After the treatment with 250—750 pmol « L' Mn, Fe content in the leaves

was equal to 89.4% —81.2% of that in control. On the contrary, excess Mn resulted in significant increase in Fe con-
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tent in roots and stems. Moreover, both active iron content [ Fe (H)] and the ratio of Fe (H) to total Fe (0.14 —

0.21) in young leaves under Mn stress declined significantly. Active iron content [Fe (H), 4.1—6.9 mg * kg' FW ]

in the leaves was equated to only 25.5% —55.2% of that in control. The results of correlation analysis showed that

chlorophyll content was positive related to Fe (H) in the leaves under Mn stress. On the other hand, the ratio of Fe

(H) to total Mn in young leaves after the treatment with Mn declined to 0.04—0.01 while that in control was 0.71.

These results indicated that excessive Mn could induce the chlorosis in sugarcane seedlings, and the inhibition of ac-

quisition, transportation and activation of Fe by Mn are involved in the induction of the chlorosis.

Key words: sugarcane; chlorosis; manganese; iron

H e (Saccharum officinarum ) 52 3% [H il 4% T
My i 32 E B JEURE T PG 2 R R R R AR 7
b, R AR T RRUR M Y 4 [ A L FE 60 Y0
PLE o TG H RE 7 ol A Ak B O B %o e B M A A
RO 25 0 S8 oM 2 A ke B 2 R R A T (2
B4, 20100, BRI T AERAE ) PO HRE 77 X IR M
T b AT A REA B R S IS (e R A
20115 AL = 58, 2009) . H BE 4 1 2R % 10 fif T X T
IR 7 ol A A B i e LR

5 7R HRE &)y 1 R S LB R IR St ) A o 1) R
filt . FRATAERTIIWE 58 b A B0, 9 R 1k 4 1 b H RE 4
kg Z TR (LB, 201D, E2M
RN S e R TR (SO E I B[R o= A
BN A N SR AL E IR TR A SR A
g g BH AL AR R OOF SO 4, 20105 7 0 4%
2010; 98 /NF-,1999 ; Fidhrs et al., 2010), i Z 1%
WY kR 4 CAE B (Ananas como-
sus) K% (Hordeum wvulgare) . /K ¥ (Oryza sati-
va ) 6 J5 B 5 B I B3 98 45 L 1996 5 BRI 55, 19965
Alam et al.. 2001) . RT3 22 B BRGEH RE S 2%
LRI 5 SO SCHL I RIS =4 i R WA Rl . AR
SON R 30 T HRE S i A R R AR R
I KI5 G R g iy ¢ R AT TRV B AR N e R
i 2 BRI S H RE A T O Ak AL S R P L R
TRE 41 P 2Rt ) 00 1 e e B2 R R 2 AR AR

1 #MEEF*

1.1 & EF

HRECH &8 22) Fh 2520 f1 Ca(OHD, 7
W8~12 h FE THWER P, MifiJfFkit 2
FEMWE RERA -G BMAET 4.8 L R
AR AT AR e N TR E h R . HE 5
FEOCIRGR N 8 000 Ix, £ KOG IE /Bt |] ok 14
h/10 h, i BE 25 °C . 5 FHE WA 1 mmol « L' CaCl,

VW, R 3 d TR IE IR, B 1 h R 15 min, 1
JAJG LA 1/5 Hoagland & FR W FUES R 4h B . K FR WK
fié 5 pmol « L' EDTA-Fe.1 pmol « L' MnCl,,
1.2 f@Ab I8

TGS 1 SRS, 4B AZR I 0,250,
500,750 pmol « L' MnCl, # 1/5 Hoagland & 3%
W, LL 0.1 mol» L' HCL 8 % pH {H 4.5, LRl 3%
W 1 pmol« L' Mn, B 2 d HHERE K.
BAALEE 3 REE ., AP 24 d 5 YR AE AR, BR R,
SRS (42 if R DL ) i g R T Mn
I, REAVHE TS A3 0 AR L 2R P R AR R
ST SAE AR R R Wi B SR 34 d R W
8, A IEXS I A2 Mn(750 pmol « L)AL BRAE AR,

1.3 A&

Bk BRI E 20 AR A C HNO, (HCLO, B
SPVEBELE R 5 ¢ 2) — R M43 O O BE E (ZEEnit
700P, 8 E HE & 2 /) (CHBLAE, 2010) ;4 R —
Iy (RIS, 2011)

1.4 Git iR
FH Duncan #7 & 25 5 64725 5 B WA

2 HERH4M

2.1 IZMEFSHESIHKE

250,500,750 pmol « L' Mn 43 24 d J5 H #E
ghid Mn 25 i 3 3 0 (L D), 4 i3k B % R A
(O pmol « L' Mn) Y 14.0,18.7.21.9 ff%, Mn &b
PR Bt A AR Min 3 1 (035 0, g i i €8 RR R L i
SEE W oE MR, R EL B A BV B Y T v
FVL B (] 0 E TN, AL R 10 d 5L Gt
MRS R AR B, 250,500,750 pmol -
L b B i 2 2R 5 AR (0,86 420.04) L (0.85 &
0.09),(0.640.10) mg » g' FW, 2r A0 24 T % #d
(1.7140.05) mg * g'FW Y 50.4% .49.9%.37.5%
(B 2), BRI 34 d J&, HEEGy b i — 25 ik



6 ] SRR A A A X RE 4l e R R Ok R Y 5 ) 865

F1~+2 m Ry R A (3D, ik Rk &%, i ik
PREfserta . I, Z R T H REA e 2%

2.0
Y a
& 5| a
0 3
4 b
c 2
= 1.0
i
e
c 0.5
= c
0.0l mum . .
0 250 500 750
Mn( umolel™)
LB (Mn) JBR38 T H RES b B9 5 7 &
AR FRFRR2EF WECP<<0.05), FF,
Fig. 1 Mn content in young leaves of the sugarcane under

excess stress  Columns with different letters are significantly

different at P<C0.05 level, the same below.
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Fig. 2 Effects of excessive Mn on chlorophyll in young leaves
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Fig. 3 Sugarcane with chlorosis leaves after treatment
with excessive Mn (Mn) or not(CK)
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Fig. 4 Effect of Mn on Fe aquisition.
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Table 1 Fe content in organs of sugarcane under Mn stress

Mn R ) EAN 4
(pmol « L) Root Stem Old leaf Young leaf
0 248.044.3d 107.5%x1.5¢ 234.643.7a 143.9£1.9a
250 260.0£7.3c 108.745.4c 229.6E£5.6a 128.6x3.1b

500 271.9£7.7b 117.445.2b 189.242.3b 125.1=£5.4b
750 290.045.7a 132.8£5.7a 152.4%5.0c 116.8£3.5¢
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Fig. 5 Effects of excessive Mn on the content of

active iron in younger leaves
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Table 2 Effects of excessive Mn on Fe (H)/Fe
and Fe (H)/Mn in younger leaves

Mn (pmol « L)

M
Ratio 0 250 500 750
Fe(H)/Fe 0.21+0.01a 0.2020.02a 0.2040.01a 0.14--0.02b

Fe(H)/ Mn 0.71£0.07a 0.0440.00b 0.02+0.00b 0.01 +0.00b
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and active Fe in the younger leaves
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