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Abstract: A solution-culture experiment was conducted to investigate the effects of different manganese (Mn)
treatments (0, 0.1, 1.0, 10.0 and 100.0 wmol-L™) on the biomass of two cultivars of Brassica chinenesis with differ-
ent cadmium (Cd) accumulation, as well as the influence on Mn and Cd concentrations in Brassica chinenesis and
the root morphological parameters under Cd treatment (10.0 wmol-L™"). Results show that the biomass of shoots of
the two cultivars and roots of the low Cd accumulating cultivar “Huajun” was significantly reduced under low and
high Mn treatments when compared with normal Mn treatment (1 wmol-L™), but it was not significantly different
for root biomass of the common cultivar “Hanlv”. The total Cd accumulation of the two cultivars and the Cd con-
centrations in shoots of Huajun under low Mn treatments were significantly lower than those under Mn1 treatment.
Under high Mn treatments, Cd concentrations in roots and shoots of the two cultivars were increased, but the total
Cd accumulation did not significantly change or decrease in comparison with Mnl treatment. Mn concentrations in
shoots and roots of the two cultivars significantly increased with the increasing Mn levels in the solution. Under
low Mn treatments, the Mn concentrations in roots of the two cultivars were lower than the critical value of Mn de-
ficiency. Under low Mn treatments, root length, surface area, volume, average diameter and root tip number of
“Huajun” significantly decreased compared to those under Mnl treatment. In contrast with Mn1 treatment, root
length of “Hanlv”, root surface area and volume of “Huajun” decreased significantly under high Mn treatments.
Under low Mn treatments, the percentage of root surface area of fine roots (< 0.4 mm) in the two cultivars in-
creased, and the percentage of thick roots (=1.0 mm) decreased, when compared to Mnl treatment. Under high
Mn treatments, the percentage of root surface area of thick roots in “Hanlv” increased and that of fine roots de-
creased, and the opposite trend was seen in “Huajun”. In general, under low Mn treatments, the growth in roots
and shoots of the two cultivars was affected, Cd concentrations in shoots and total Cd accumulation decreased. Un-
der high Mn treatments, the growth of the two cultivars was also inhibited, but Cd concentrations in shoots and
roots increased. The root morphological parameters of the two cultivars exhibited different response strategies under
different Mn treatments.

Keywords: cadmium; manganese; Brassica chinensis; interaction; low cadmium accumulating cultivar; root mor-

phology
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Fig. 1 Root and shoot biomass of Brasicia chinensis under different treatments of Mn and Cd
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Note: (a) Roots, (b) Shoots; different letters show significant differences at the 0.05 level in the same cultivar, and the same below.
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Fig. 2 Cd accumulation in Brassica chinensis under different treatments of Mn and Cd
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Note: (a) Cd concentrations in roots, (b) Cd concentrations in shoots, (c) total Cd accumulation.
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Table 1 Mn concontrations in roots and shoots of Brassicia chinensis under different treatments of Mn
B Mn b BV E /(umol - L) R Mn 7 i /(ng-g' DW) b -3 Mn & &/ (pg- g DW)
" Mn treatment concentration Mn concentrations in roots Mn concentrations in shoots

Cultivars

A(wmol -L™") (ng-g" DW) Ang-g' DW)
0 7.35+1.90¢ 20.61+1.01c
0.1 9.99+0.27¢ 4991+6.62¢
“ %gé;]%n
1 23.83+2.63¢ 115.05+7.47bc
Hanlv
10 60.80+1.30b 206.68+42.73b
100 279.79+42.01a 1133.78+151.06a
0 7.26+0.15¢ 39.07+7.31c¢c
0.1 11.07+£0.73¢ 45.53+6.37¢
“ i'ggﬁn
] 1 14.67+2.50¢ 50.74+6.71c
Huajun
10 104.03+10.65b 208.32+21.19b
100 318.1+41.195a 1 090.27+120.23a

PRI AR EZE (n=3), RIS R/NG TR IR R — Sh AR R AR PR IR) 22 57 B35 (P < 0.05), T I,

Note : Values are Means + SD (n = 3). Different letters in the same column show significant differences at the 0.05 level in the same cultivar, and the

same below.
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Fig. 3 The proportion of root surface area of fine, middle and thick roots of Brassicia chinensis under different Mn treatments

Note: (a) Hanlv, (b) Huajun.

&2 AE MnSETHEREESSH
Table 2 Root morphology parameters of Brassicia chinensis under different Mn treatments

Mn 4b B /((umol - L)

-1 E A% fmm

wn ) M /m LM Aem? PRBem? ) JisEN
Mn treatment concentration Average diameter
Cult Root length/m Surface area/cm? Volume/cm? Tips number
Aumol-L1) fmm

0 1.57+0.21bc 22.45+6.26a 0.34+0.08a 0.47+0.08a 1 346+146.92a
0.1 2.25+021a 33.33+7.73a 0.88+0.70a 0.50+0.07a 1 489+320.99a
st 1 1.86+0.22b 2244629 0.50+031a 0.48+0.04a 1155:179.88a
10 1.33+£0.231¢ 22.43+7.19a 0.60+0.27a 0.47+0.04a 1 444+317.41a
Hanlv 100 1240.15¢ 19.98+5.13a 0.770.69 0.49:0.03a 1 473+180.89
0 0.76+0.14b 11.39+4.41c 0.33+0.21b 0.45+0.05¢ 978+103.22bc

0.1 0.75+0.11b 13.14+4.01¢c 041+0.27b 0.54+0.06bc 834+58.52¢
s 1 1.11+0.17a 38.27+9.95a 221+1.20a 0.65+£0.03a 1 271+344.60ab
] 10 1.17+0.29a 19.36+5.06bc 0.64+0.30b 0.51+0.05bc 1 316+331.10ab
Huaju 100 1.37+0.19a 24.39+533b 0.94+0.54b 0.55+0.06ab 1 446+209.43a
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3 112 (Discussion)

Mn BEZAE Y 00575 R o 3R, g —Fh 4
JBICER , P e YR A B E B A Wk, —
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S, TR 29 7 X 54 B i, AR BB T 0 5
MRARESER R #  Z FEAL, H Cd BRE
i M R Cd B i RER e A, 1T AE Mn i
I, T Mn BEFEAE, AR AR T DL AR
A AR P ER SR RSS2 T/ EHE
M), A ST R U], Mn 55 35 23" 5 52 i 2 R 9 1Y
R 28 TS P R 2 4 MR 3 TT BE 4 1) 55 AR AR R
WA S I, 2 T 4R R R ) Bh AR A i 7F Min ) H
ALFR AR IR KRS AL T R4 & TR T AR S
A5 AEE AR RN b b A ) AR R, i
LMK Cd RS EIFEA BET,

P e ek T OLE N A %, fE Mn0.1 4b

T RFRAE YIRS B W AR S 3 T
e, X UER  FE 47 M AR X Mn Bk Z i} A2 RE ) AR
TE Mn i Z I 23§12 AR R WOCRE T, DABRHIUE 235
Fr SR fd g 1 AR Cd & HR kT b
PR AR, iR Cd R SR AR
M7E Mn100 AbF T, “ FE4¢7 i AR A Wy i R 2 35
M, (E 2 HOAR K W 35 I, b 98 A ot ) I
i, IR B Mn 3 AR, XKW Mn i B 40 B )
BETESN TR AR ROEE SRR R,
AR A J et ] RESE BRI , T R R
TR (R T R R RN
AT R L Cd BRE R R ERRIR,
SRR 1R Mn S Z I 2 Rl R AE K R
TSR BE 22 32 B 35 20 [a] f L 3 AR
Py R, M R Cd & A TR, e 4
Btk Cd RBUE R PR T 7E Mn i B, i
T Mn (REE AT AR SR B BRI, X
WS R = 5, 1 AR 3R Cd & s (R i T A
PR REAIL, Cd RFR A B A B R 2RI,
TEREAE R R A AN TR AR IR 2R R AN [
(A BRI BE , e EL AR /N A A AR AR - A 5 1 ) o
ALY T2 AL, AR TR I3 FK o3 W T K 4% 32
PERT; B AR BOR AR, FE N s fr g Uk & 58
4, SRR MR I Al Az i 08 2 2R AL, A R B
PR AR H 5] 14 22 A AR AR 1) 37 20 W WAL 2 e 4 D) A
SR AR R 2 T AR O3 R AR A LR A AR ik
Mn I 2 A~ bl SR — 2, BN 20 AR Lo 1], e AR
AREC A, 38 56 %5 % 70 B W RE 7, < AR 1Y A8 A0 T
W A OTFE R B, R A, T oK 32 B ad 3
INZAAR LE 5], SR 2 I AR , M AR ) RE I A S %
ARR™ X AT SE RS RARML ; 75 Mn i B 2
AR AN [, < ek i LR L], Db 4
RRECA], 7 Pl A e i, Ao i Min /992 3, A
FURI AR FLAE XA AR 28 A4 52 0 6 % B, 8 Tl 2
e v K FEDRLAR L 51, B AR AR AR A7), AT 0 7R AR 22 060
SRR i AR 4R T AR AR L, 20 M
AREL A, 38 50 AR AR Y 37 23 FK 20 WOCRE T, 4 e 0o
Mn FHE P, LERFFE CO, MR T+ = %t 2 >
FBHPR R M Cd RBUE Rtk B, 7240 1 ia
FAET COLUTE T v 23 $1 i A ) AR LE ], 30 5 AR
RIWMOK T FFRIREST NI A M Cd T HE ™,

BIFAEE B 2AU980—), B, A5 L SRR, £



424

IRGE AR AL T SRMA T 2 Fh S 4w R R

S| 147

ENERBELEFLEG AL AN RHR , £BRIFR
BFIE R 20 AR ARE L,

22 3L Hf ( References)

[1]

(2]

[3]

[5]

[7]

[8]

[9]

[10]

IRER R, RS, A s ek Bl A A
#[EB/OL]. (2014-04-17) [2017-07-19]. http://www.mlr.
gov.cn/xwdt/jrxw/201404 /20140417 _1312998.htm.

Zeng X B, Li L F, Mei X R, et al. Heavy metal content in
Chinese vegetable plantation land soils and related source
analysis [J]. Agricultural Sciences in China, 2008, 7(9):
1115-1126

TR, A, VLIS, 55, RHET IS HE X AR H PR 5E i
IR, KEAMBHL, 1999, 152(6): 26-28

Xu Z, Tian L M, Jiang Y S, et al. Analysis on present sit-
uation of farmland environmental quality in sewage irriga-
tion district of Tianjin [J]. Tianjin Agricultural Science
and Tecnology, 1999, 152(6): 26-28 (in Chinese)
IZOt, MEN, Wk, & KRET ARG E SRS
QEVEO SRR AE 20 BT [J]. AL 3R BT RL 22 22 4, 2005, 24
(S1): 169-173

Shi R G, Zhao Y J, Gao H Y, et al. Metals influencing the
level of heavy metal contamination of vegetables in Tian-
jin City as derived by principal components anlysis [J].
Journal of Agro-Environment Science, 2005, 24 (S1):169-
173 (in Chinese)

Videa J P, Lopez M L, Narayan M, et al. The biochemis-
try of environmental heavy metal uptake by plants: Impli-
cations for the food chain [J]. The International Journal of
Biochemistry and Cell Biology, 2009, 41(8-9): 1665-1677
Sasaki A, Yamaji N, Yokosho K, et al. Nramp5 is a major
transporter responsible for manganese and cadmium up-
take in rice [J]. The Plant Cell, 2012, 24(5): 2155-2167
Yang M, Zhang Y Y, Zhang L J, et al. Nramp5 contrib-
utes to manganese translocation and distribution in rice
shoots [J]. Journal of Experimental Botany, 2014, 65(17):
4849-4861

W, e, SO, SF. R IR] o SOA £ JCR A
A AR 2R [J]. K L ORFR2AAR, 2010, 24(5): 54-58
Lan L, Yu H, Feng W Q, et al. Effects of secondary, mi-
cro-and benificial elements on wheat growth and cadmi-
um uptake [J]. Journal of Soil and Water Conservation,
2010, 24(5): 54-58 (in Chinese)

FLHR. K FEGRAR R  ZORFEDFS (D], EIK: PERE R
2%, 2009: 63

Tan D. Investigation of manganese, nitrogen regulation on
cadmium accumulation in rice plants [D]. Chongqing:
Southwest University, 2009: 63 (in Chinese)

JAMHE, 305, Z 0k, 55 BE R TR TSR AN R K

(1]

[12]

[14]

[15]

[16]

[17]

(18]

HAZ AR IR /N2 B i 52 [, A2 25241, 2013,
33(14): 4289-4296

Zhou X Y, Feng W Q, Qin Y S, et al. Effects of magnesi-
um, manganese, activated carbon and lime and their inter-
actions on cadmium uptaked by wheat [J]. Acta Ecologica
Sinica, 2013, 33(14): 4289-4296 (in Chinese)

Hernandez L E, Lorodrgue E L, Garate A, et al. Influence
of cadmium on the uptake, tissue accumulation and sub-
cellular distribution of manganese in pea seedlings [J].
Plant Science, 1998, 132(2): 139-151

Peng K J, Luo C L, You W X, et al. Manganese uptake
and interactions with cadmium in the hyperaccumulator—
Phytolacca americana L [J]. Journal of Hazardous Materi-
als, 2008, 154(1-3): 674-681

Liu H M, Zhang Y X, Chai T Y, et al. Manganese-mitiga-
tion of cadmium toxicity to seedling growth of Phytolacca
acinosa Roxb. is controlled by the manganese/cadmium
molar ratio under hydroponic conditions [J]. Plant Physi-
ology and Biochemistry, 2013, 73: 144-153

Zornoza P, Sanchezpard O B, Carpena R O. Interaction
and accumulation of manganese and cadmium in the man-
ganese accumulator Lupinus albus [J]. Journal of Plant
Physiology, 2010, 167: 1027-1032

faf %, B BH, AR5, 45, BRI 38 XS AN ) KA it
LR I S AR R PR AR R (D], AR AR R,
2009, 18(5): 1863-1868

He J Y, Wang Y Y, Ren Y F, et al. Effect of cadimium on
root morphology and physiology characteristics of rice
seedlings [J]. Ecology and Environment, 2009, 18 (5):
1863-1868 (in Chinese)

Wang L, Xu Y M, Sun Y B, et al. Identification of pak-
choi cultivars with low cadmium accumulation and soil
factors that affect their cadmium uptake and translocation
[J]. Frontiers of Environmental Science & Engineering,
2014, 8(6): 877-887

EoL, AR XA [ e R R R BB S AR
ROR B JWFLAE B A P B PR (0], o AR 2ROl o 3k,
2003, 11(3): 78-81

Wang J A, Zhang F S. Effects of different zinc concentra-
tions on maize restoration after zinc deficiency and the
function of endosperm in zinc deficency [J]. Chinese
Journal of Eco-Agriculture, 2003, 11(3): 78-81 (in Chi-
nese)

AR, RN, AR, A5 AN R BEE 57 T B B AL XS
HSE R AMICR SRR IA[]. 357, 2017, 36(5):
1017-1025

DaiJ J, Xu Y M, Wang L, et al. Effect of foliar zinc ap-

plication on growth and elements concentrations of pak-



148 Ao #F O OH ¥ Mt 13 E
choi under different zinc nutrition status [J]. Environmen- Yan W. Physiological and molecular mechanisms of soy-
tal Chemistry, 2017, 36(5): 1017-1025 (in Chinese) bean (Glycine max) adaptation to manganese stress [D].
[19] KT, Zebkig, SepAme, 45, 46 ALY o 35 Kok Wit Haikou: Hainan University, 2010: 58 (in Chinese)
FRALEAT T ()], A4, 2010, 45(4): 506-520 [25] AESLIR, XUMS, 25008, A OKZE N REE ATARIAFISE
Zhang Y X, Li L F, Chai T Y, et al. Mechanisms of man- T e s o) A T A A BRI N [J]. K R 24 4R, 2007, 21
ganses toxicity and manganese tolerance in plants [J]. (3): 81-85
Chinese Bulletin of Botany, 2010, 45(4): 506-520 (in Chi- Ren L M, Liu P, Cai M Z, et al. Physiological response of
nese) Polygonum hydropiper, Comnyza canadensis, Polygonum
[20] XinJ L, Huang B F, Dai H W, et al. Characterization of perfoliatum and Phytolacca americana to manganese tox-
cadmium uptake, translocation, and distribution in young icity [J]. Jounral of Soil and Water Conservation, 2007, 21
seedlings of two hot pepper cultivars that differ in fruit (3): 81-85 (in Chinese)
cadmium concentration [J]. Environmental Science and [26] Wang R G, Dai S X, Tang S R, et al. Growth, gas ex-
Pollution Research, 2014, 21(12): 7449-7456 vhange, root morphology and cadmium uptake responses
217 ZIREE, 5. PSRRI, WAtk bR, of poplars and willows grown on cadmium-contaminated
2002, 4(6): 35-42 soil to elevated CO, [J]. Environmental Earth Sciences,
An Z F, Fang Z. The advance of manganese nutrition in 2012, 67(1): 1-13
plant [J]. Journal of Hebei Agricultural Sciences, 2002, 4 [27] JEAEA, B, EREN, £ B RAR R R AY 3k R A
(6): 35-42 (in Chinese) 25 LS ERIRECRI X R[T]. EKFE, 2016, 24(2):
[22] KR, EYEIRA(EADIMI. JEaT: drEfOr 7 72-78
fitt, 2005: 87-91 QuJ W, Gao J L, Wang Z G, et al. Genotype differences
Lu J L. Plant Nutrition (volime one) [M]. Beijing: China in root characteristics by maize and its relations to nitro-
Agricultural University Press, 2005: 87-91 (in Chinese) gen uptake efficiency [J]. Journal of Maize Science, 2016,
[23] skARSE, B, FIE. A E/NE SR R) T BV g 24(2): 72-78 (in Chinese)
IR L BRI 5T [T]. #8908 3% 5 N0 R 4R, 1998, 4(3): [28] Ding Y Z, Feng R W, Wang R G, et al. A dual effect of
277-283 Se on Cd toxicity: Evidence from plants growth, root
Zang F S, Lv S H, Fang Z. Sdudy on tolerance of differ- morphology and responses of the antioxidative systems of
ent wheat cultivars or lines to manganese deficiency [J]. paddy rice [J]. Plant and Soil, 2014, 375(1-2): 289-301
Journal of Plant Nutrition and Fertilizer, 1998, 4(3): 277- [29] Jia Y, Tang S R, Ju X H, et al. Effects of elevated CO,

(24]

283 (in Chinese)
JEH . ORI N R AR BN 4y T LA 5T (D).
H: R K2, 2010: 58

levels on root morphological traits and Cd uptakes of two
lolium species under Cd stress [J]. Journal of Zhejiang U-
niversity-Science, 2011, 12(4): 313-325 L 4



