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(2) Jian Liu et al., Inhibition of cadmium ion uptake in rice (Oryza sativa) cells by a wall-bound

form of silicon. New Phytologist,2013, 200: 691-699.
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Figurel. (A)X-ray photoelectron spectroscopy (XPS) characterization of the chemical composition
for Si,, of (B, C) the suspension cell surfaces. (D-F) Representative force—distance curves for rice
(Oryza sativa) cells cultivated for 3 months in the absence (-Si) and presence (+Si) of silicic acid
by atomic force microscopy (AFM).
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Figure 1. (A) AFM deflection image showing the immediate formation of etch pits with triangular
shapes on (010) surfaces of a DCPD crystallite introduced into deionized water or citrate. Retreat
velocity of the [-100]c. steps for DCPD crystals dissolved in (B) low or (C) high citrate
concentration solutions at varying pH (4.078.0).
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Figure 2. AFM images of the nucleation and growth of (A) needle-shaped or (B) spherical
pyromorphite crystals on a dissolving cerussite surface. (C, D) Dependence of the steady-state
growth and nucleation rate on time under various solution conditions.
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(1). Lihong Qinet al., Direct Imaging of Nanoscale Dissolution of Dicalcium Phosphate

Dihydrate by an Organic Ligand: Concentration Matters. Environmental Science &
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Technology,47,13365-13374,2013.
(2). Lijun Wang et al., Coupled Dissolution and Precipitation at the Cerussite-Phosphate Solution
Interface: Implications for Immobilization of Lead in Soils. Environmental Science &

Technology, 47,13502-13510,2013.

2.1.3 A BRT 1 B BTRT FUREX KR8 8 5 40 R SR T B 77 S A0 e 2 P A S B
xR R R A

DIK RGN A AR, RSB R T 0 BAdEE (AFMD WFFUAS IRE IR 41 B AN IR 2043 7
SRR, B AEA IR 4% AF T 56 4 SR AR I WS I E T, A5 B R 7 e, Tk
AT S BN 55 AN DAL PR 40 B () 2T A 22 A W] B A TR) i, {H NapCOs A1 KOH ALEE ), 274k
22 AT TR o I HoIAE AN MR (b PR 6 10 3 v T AN ek, U WAk T DA S 4 R ) ) 2
PERE, I H AR I RER T ReAE A R AR R (B D
[l 2 SR 40 BE AR 1800-800 em™ X [l ) FT-IR HOGIEIET . WFoTR W naE S5 A k4l
HOREFT AL REAE IS, {H Na,CO3 b3S, 1474 R ALF4E 22 (WRF1iEUE (1317, 1155 i1 895
cm™) 195, KOH AbF S (40 R F 2 £ 4 K o 1T NayCOs AL FE (141 i RELL % KOH 4k
(101 00 B 1) 2 B [ S i 6 (1740 cm™, C=0, F1 1630 cm™, COO"), JLIESRIBEHTIR/N, it
EPIRSE PR

WAL, A A 10 0 L A 008 i v A B P v A7, B A 00 A0 0 T < e 8 P R
AT TR T BB IUR SCRE R (KPEM) #8597 T 3R AN R] 4k FIL26 111 PR LR S0 R 3V
i, RIS CBE) R A ARAREN, K—AY5 F 2 haE BRI, H%54
Grolie,  IEERE IR o A A0 M A T (K LA SR AR (I 3D BE— 2B ISR FE 1) 4
AbEE (0,5,30 I 60 uMD RIL, BEERIREE N, 4 R I AR SRR RN (K
4) . &5 SRR WYk ] DA SCR 2 R R T P FEL G s s A R S R 1) T 4 SR B S T 45
BT, AT EREE N 0 B P 30 = A 7 A B A

+

Ak &

L¥¥)
f=
1

2
wLn
1

¥ oung's Modulus (GPa)

=

Young's Modulus (GPa)
(=]
(=]

—_
]
1

—
[=]

+Si -Si +Si -Si +Si -Si
cell wall cell wall+N32C03 cell wall+N32C03+K0H

1 AFM U5 8 AS [ 40 B BE A e ) A AR




R TR IO AR 2012-2013

1155
1380 1640
1317
1250 1;;5
| 893 1740
5
6
3
4
e 1
)

800 1000 1200 1400 1600 1800
Wavenumber (cm'l)

B 2 AR AR BERT R ZLAM GG I

0.3
c 1 ¥
O 0.2 ? LN X &
- * *
=1 * o
Yo
L2 01{ ¢ L T~
: ’0 & . *
"
.2 * - *;_@;@ ‘s }
© w9y % .
0.0 -1 * & r ~0
(72} ., 7. r ¢
3 ‘l «f@ K N
3 . -
c > .
g -0'1 7] *> ’\0
(] Q'O' .
- * .
7} g .
*"
-0.2 - o
@ | *
-0.3 T T T T T T T T

A A B B' c G D D'
Treatment

P 3 AN ) Ak B /KRR B V7400 0 1T R 3403 A1 PR Dt 2 20 A AR IR, CAD i AmM e R K 40

ML, (B) ZrBSrdnfurE, (C) HBRMRANALIE bR R4 73 (40 ke DL e (D) #k— AL

AL LR LT e R AL o A HBE . A 21 D S AR A R A 77 ) s 4 it S 2 7
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2 0.15 | ¥ R
0.20 E o

| %k %k * E 010+ w
0 2 0.051 B
2 0.15- s f
c T 0.00 4
= ’ 0 5 30 60 0 5 30 60
g Cd in culture medium (uM)
[77]
o 0.10 .
'5' C1+Si
3 B Si
2
< 0.05 T

-Cd 5uM Cd 30 uM Cd 60 uM Cd

Treatment

Bl 4 Jinfik (1 mM) B5FREEAER 5 — A 7K R 7 41 B AE AN [RR B4 (0, 5, 30 T 60 pM)
AEFJE B A0 AR 23 A (Means3SD; n=22).

214 BREME (H) XN KBEFREFS(DCPD, CaHPO..2H,O) ¥ 2+ i
(3!

2.1.4.1 Z/KBERESAEAN N R AR PRSI AR %

FATE BT RIS VR RS A (B 1D, RGEHUMIT A [R5 55t H A i
AT BRI & R AL R o

J
J

g

6pum X 6um CaHPO,.2H,0,DCPD dissolutionin 5 mM KCI

&l 1. DCPD 7E/K(E)FIZE KCI ¥ (F) I gt #2.
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2.1.4.2. MgCl, KIER

75 MgCly # FE T 10 mM i, DCPD [#1(010) i /& B KL BT gy (B 2 1) il
FHOAERTAEIRI B« 24 MgCly WK S AE 10-50 mM Ju [ Py, DCPD [#1(010) 1 L& /M g CH
TBEFIEHS) SR (&2 H). 24 MgClL K JE T 100 mM If, DCPD [(1(010) ki L [7]
I AR R NP IR T (B 2 R Do LR PR R HE 3R W A% SR s (s Lk . 4k
ONE PR ) BRIt 2 F LA G B 7] 2D B I U A . X AR T B S 65 2% I H BRI 2
F) )15 Re AR AT O (BTS2 J5L 7 NI RS B — AT IO« ZEIXAN BB SRR IR
R, FIFEJGHRIAN 2D RISAZAHLE, 20055 3 10 58 N = AU H e &2 . 1R8] 2
TR RARER B AR T 325, BTN T L o AR I Tl A
Badb iz (B2 C): BN Bz 45 R .

S0 uM citrate'§ | "
10 mM MgCl5

Kl 2. —/KEEREASS (DCPD) 7 50 uM FrAE& (pH 7.0)FIAS [AIH BE 1K) MgCl, 4544 T 111 (010)
R AL
E[101]cc FI[-100]ce P77 1] L=, MQCly S5 2541 T [-100] e FRIF A IEJEE , [l B A6 [101] .
(IR B B8 R o ARIMTAE[10-1)ce J7 1 MgCly B35 088 T Wi, RGBT 10 mM 5 ¥ i
BB G (E3). fEAAERLEIRIN, BEMET MoCl, fEH (B 4.,
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6_
@
£
£ 51 [100],
>‘ T -------------
G 4. I
° H,0
>
c 34
(] o
g 10-1
S , | noi
o
=
T 14
@ 3
04 moy, T : : : -
0 1 5 10 50
[MgCI.] (mM)

B 3. MgCly ik % M 1.0 ] 50.0 MM (pH 7.0), DCPD (010) [fii#E[101]ce, [10-1]cc A1 [-100]cc
=ANTT I BB

& 4. DCPD (010)# i ::(A) 100 mM MgCl,, (B) 100 mM MgCl, + 50 uM #7452 5(C) 100
mM MgCl, + 50 uM L-RA&Z R (pH7.0) 1EF T AFM K.

2.1 A3 AR PEEKER

WATIERE T 40054 0,1 Al 2 MFRFEMIEHIR, FRBAWATR (K 5. AW T
DCPD (i fi#. KILAE pH 4.0, {E[-100]ce FI[101]cc W7 H) By s Rl AR (2 M
) SPRHIR (0 NI SHRER (1 ANRHEL; 7E[10-1ce 1 B R %R (B 6). 4
7t pH 6.0 I, 7E[-100]ce, [10-1Jcc MI[101]ce —AMT7 1] EXIRIUAPATR (2 DRI~ 1R
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(LA > BRHIR (0 MR (B 7). AR Uk E B 1 mM, JEHI X DCPD —
7 ) L PR AR T 45 S 2 v T A R A S SR o A TR AN S SRR A AR AR P v AR .
75 pH 8.0 B, 4 = ANE MR EART 1 mM B, = ANJ7 1) L v Adade 5 e W 2 22 55 ([ 8);5
HRERT 1 mM I, £E[-100]ce AI[10-1]ce AT 1) AR (2 AN EdE) > 3R (14
FRED > BEHIR (0 M) (K 8). 7E[101)ce LEMERE KT 1 mM, =AM HLERXT DCPD
(RIS IR AT A W 22 52

TEVR R R T O TR AR R AR AR A MR EIIRVR 2 0.1 mM I, TEH 1 = AT st (f
JE£ 53y 29,55 F1 96 i) AN VUIATY: MK FEELRSIEINE] 1. 0 mM B, = FATERITES L
PSR R AL T8 (29,75 R 76 15D (B 9). BHAE WA TRIK 1 N 5.0-10.0 mM, —
SRR BT (18] 10D,

e sade

(,"" \ \ OH ' O
Q \OH/ o 37
HO I on Yo, TOH
\ /
0 0
BHR FRB HaR

5. —MANIRGWRIEAR, SRRV MEH 0,1 M 2 Pk,

. 10,
o] 100 g B -
£12 [100] / € gl [101],.,
< * 2
210 B
o 2 64
[7) —
; 84 / g
[}
N x
o a 2 €
€ 44 :/ o
.% / % 24
a2

10 15 20 25 30 35 40 2 10 15 20 25 30 35

Log C (uM) c Log C (uM)
151 s
OH O
2-OH, TA wo. A g, [101]..,

o OH

o oH pH 4.0

1-OH, MA — on
)l\/Hg
o
0-OH, SA —— o
\é(\)koH

ol
!

Step movement velocity (nm/s)
=
o

o
!

10 15 20 25 30 35
Log C (uM)

Kl 6. 7l 0,1 Al 2 MRIEERIRHIR, - RIRAN AR AE DCPD [(020)(fi 1) —=ANJ5 )
IR E (B shE ) (18 pH 4.0)



R TR IO AR 2012-2013

- 9 A B =~ 457 B ~
E 8- [lOO]Cc € 40] [101]Cc
2 74 H 2
3 2 351
T 6- 2
£ L] S 3.0
g 5 * g T 1
g 4 3 2.5 i
£ £
g3 ' 220 I
(] 27

1.0 15 20 25 30 35 4.0 10 15 20 25 30 35 40

Log C (uM) C Log C (uM)
OH O 101]
2-OH,TA Ho [101]

1-OH, MA —— Hoi)c:(w PH6.0
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Step movement velocity (nm/s)

O B N W b~ OO O N
P R A T S S

0-OH, SA

10 15 20 25 30 35 40
Log C (uM)

7. 50 EAT 0,1 A 2 AMFRALIBRIAMR, SFEIRIRATI A /£ DCPD ) (010) ifii_E (1) =5 ]
R (BRI s (7 pH 6.0).

169 A 71 B
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: 8 5 4
g g
g 61 g 34
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0-OH, SA M g1 !
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o] O, G A A
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K 8. 73 HEA 0,1 Fl 2 ANRFEMBEIINE, FERBAIE A MRAE DCPD [f1(010)fi L 1) =ANJ7 [#)
PRI B (B8 EE) (78 pH 8.0),



R TR IO AR 2012-2013

o

2,
&

l 0.1mMSA

|

l 1.0mMSA

-

Kl19., 7£ pH 4.0, il HO (A 1 C), FIIkSEZX 0.1 mM (B) 1 1.0 mM (D)JEH1R IS DCPD
(010) THI{E Os F 150s BT FESR R4k, a—c ToR Syt R E R .

P 10. 7£ pH 8.0, A H,O(A), Ak H 0.5 mM (B)F1 10 mM(D)i 4RI DCPD (010)
T T E SR A4 -

2.1.5 HIE RS ma N AR BE R IE 17 B R AR SRR QTL

TIRAT R S Z ) R T AR AR R R T R H R R SR B
BUED), 02, RGUBER A BBUR . 7 T 2 il SR R L, R R TR
U P RIEH o

e AR K SRR E TR 0% 55 005 A A DR L H SR PR SRl e i Rl il 7 S A
WA A Tapdidor BT E (K11 DH BEACHRORL, T =4 H AR, 2 1 ARBEa )
TR BRGSO A R TR
s, g5 R, CREMNG B BT TN DH BEAMI B A, MRsr. Mgtk sk
FEREU 5, REREIN T — o B LA e B R, (H X TR LR 5. 7
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AFERA MR, BB IR R R A o BB R B W8 B UK. /£ TN DH i3
FERE G-map [FEA ERES T 63 MDA IC (GBM), M 75 798 /MRic i) e d L
(1 TN BEESIE, EREE K 2050.9 cM, ARiCEER ) 2.6 cM. HIHDHTEE a4 18
XTI A PR BEAT T QTL sE . JLRIE) 155 NP QTL, i T A2, A3,
A5. A9. C6 Ml CO JEMMF o MR QTL EAF A L EBNE UK 155 > QTL #5181
MGOAB JErh 29 AN ARIERE S QTL DXBt. 29 M BEIER 455+ QTL X Bt 23 M4l
JRARIE N QTL X BL. 3 AMIEBERF 1 QTL B, [A—PRIRI QTL mI{E 1A% Hh
SHHL. 6 NN QTL B, [Al—iRA) QTL 2 /bl A Pyl oh IR i /K1
SO, IXESRBEACE N EE R AR QTL X B H i Y i S R = & R K 4 Fhrd
B B RRGEOE 7 . TR TN B4 1B I3 B e b H i AR R AL S BRI,
LPR1. GPTL1. SIZ1. MGD2 i PYK10 &% 5 NHE AN FARBEAK-F T~ EE AR QTL X B
W, X8 Sl W RIS AL R ) e AU R T 2 QTL RS 41 R A Bk P 0 FR0 2
PR R B

ZMFFT4E R 2013 4F 1 A7E PLoS ONE (1F2013: 4.092) K3, &1 3o Lot
FUAEARE CERMP S AR SENITYE RS TR, IR A 02 A 46 204% (Shi Taoxiong, Li
Ruiyuan, Zhao Zunkang, Ding Guangda, Long Yan, MengJinling, XuFangsen, Shi
Lei. (2013) QTL for yield traits and their association with functional genes in response to
phosphorus deficiency in Brassica napus. PLoS ONE, 8(1): €54559.
DOI:10.1371/journal.pone.0054559)

2. 1.6 WIRBERBAHXIRARTESHE QTL KL

TIEEBE AR K FE R 72— e EEE W AEEY), R, X
SRR SRR RO B AR HOBCRE R, AR AR A 5 AR ZR R 0 dih Sl R WAL
ekt B Ok B R IR AR

BT, PPt HROCH)Y PRk 2%  (the University of Australia). JE[E i ] WK (the
University of Nottingham). 9 £} -3 52 i (the James Hutton Institute) &1E, R
BRIRRE TR, s ATl 7 S RIS A Tapidor 74210 TN DH B4k 188 MR AR
RARTE S TIHAT T, @060 7 AFBEKP FARK (PRL . MR KC(LRL). MU 2505 (LRN).
AR 2% S (LRD) AR A5 MR 1) QTL. &9 5REWT, PIMBEACT M L8 AP i 38 S R R
UM AR, 78 A3 Betok AR — A HIHRE R (LRND. IR (LRND
Rk B2 A5 1) QTL (quantitative trait loci)#%; 75 AO7 F1 CO6 G {f 44 73 il K I 51|
T QTL (3% 1) WFFTas Aokt A il b i Sic it e R AL L, S 707 3 oM 4 5 DR S5 201
ARA I HE A S B SR (R R B St . IZE T4 R 2012 4F 11 A 21 HEE Annals of
Botany (1F2012: 4.03) fE4k k4K, H—AF& A OAFEBEZ, WIRAEF K%~ John P,
Hammond f# - (High-throughput root phenotyping screens identify genetic loci associated with

root architectural traits in Brassica napus under contrasting phosphate availabilities.Annals of
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Botany. DOI: 10.1093/aob/mcs245) .

®1 TN DHEBAEEB KL LKA BAIRAESHREZERQTL

fi#  LOD i PR
. DAEH TEX
‘ etk N N LOD fiRER
PR QTLAFR s Firid Positi LD N .
i Chromo support N B 7
Trait QTL Name Marker on LOD ] Additive
some interval R2 (%)
(cM) Score Effect
(cM)
SDW
(Lp SDW_LP_A02a A02 znS16M07-1-230 80.3 3.46 77.8 -83 -0.30 6.2
a
SDW_LP_A03a A03 BRMS-043 442 7.68 42 - 44.6 -0.47 14.9
SDW_LP_A0O4a A04 JICB0283 7.2 5.15 53-17.2 -0.36 9.9
SDW
‘HP SDW_HP_A03a A03 BRMS-043 44.2 4.28 43.2 - 46 -0.43 8.5
a
SDW_HP_C02a Co02 sN3761b 11.9 3.33 85-15 0.36 7.2
RDW
(Lp RDW_LP_A03a A03 BRMS-043 44.2 3.89 43.2 - 46 -0.07 7.8
a
RDW
‘HP RDW_HP_A03a A03 CNU098 61.3 3.13 60.3-62.4 -0.07 6.4
a
LRN
LRN_LP_AO3a A03 HBr082 37.5 411 36.8 - 38 -1.19 8.9
atLP
LRN_LP_A03b A03 BRMS-043 44.2 4.81 43.2 - 46 -1.30 104
50.8 -
LRN_LP_A03c A03 BO68E07-2 51.9 3.71 55 -1.13 8.4
LRN 34.6 -
LRN_HP_C09a C09 CB10064 36.0 351 1.06 8.2
at HP 43.6
LRD 66.6 -
LRD_LP_A02a A02 em12me31-320 73.3 3.92 -0.14 7.5
atLP 75.5
60.3 -
LRD_LP_A03a A03 CNU098 615 455 624 -0.16 8.7
67.3 -
LRD_LP_A03b A03 HO34E17-1 69.3 3.83 0.7 -0.14 7.4
70.7 -
LRD_LP_A03c A03 BnPYK10-A3b 76.7 3.89 6.8 -0.14 7.8
34.9 -
LRD_LP_A09a A09 BO19F12-3 37.9 5.37 106 -0.23 115
25.7 -
LRD_LP_CO6a CO06 JBnB061J08 29.0 3.74 352 -0.13 7.1
LRD
CHP LRD_HP_A04a A04 JICB0283 16.2 5.98 76-21 -0.15 13.2
a
49.9 -
LRD_HP_C04a Co4 sN12353c 50.6 3.36 -0.10 6.8

52.3
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59.6 -
LRD_HP_C04b Co4 Nal0COla 62.2 3.64 627 -0.10 7.5
TRL
tHP TRL_HP_AO3a A03 BnWRKY-A3 14.4 3.64 10.8 - 17 -1.33 7.5
a
PRL 135-
PRL_LP_AO3a A03 BnPHT3-A3 15.5 3.36 -0.40 5.8
atLP 18.8
28.8 -
PRL_LP_AO7a A07 BRAS023 29.8 4.76 36.3 0.48 9.5
39.5-
PRL_LP_AQ7b A07 HR-Tp4-305 42.6 5.70 164 0.50 10.2
PRL_LP_AOQ7c A07 SR7223 50.6 4.46 48 -54.3 0.44 8.2
17.6 -
PRL_LP_CO6a CO06 em18me23-350 27.5 6.07 347 0.53 12.0
PRL
HP PRL_HP_AOQ3a A03 BnPHT3-A3 15.5 4.59 14.4 - 17 -0.67 8.3
a
209 -
PRL_HP_AOQ3b A03 HO03MO07-4 21.9 3.88 )78 -0.64 8.0
20.6 -
PRL_HP_CO06a C06 CNUO053a 21.4 6.82 o5 7 0.82 14.8
25.7 -
PRL_HP_CO06b C06 em18me23-350 27.5 8.00 336 0.85 16.3

2.1 7T WRAK S REAER (6-BA) RARBHRRIIBERR

WA IER TR 73 ARGy 28 AR R I M T I 3R A R S AR 1A
WIFTCAE A TR 23 WSO T B EC A ML — AT 25 10 B AHARAE A h R SR AR AR AT 2R AT
TR s AR R T AT AR AR RASARWE TR I7 73 WA Y B S E A LR, o —
ZE{ SR

& 10.2 M 6-BA BB TR AR B EH LR RS ER
B, b OB YIS FRIEAE 5 5 7 AR S AR PR A SRR R S AR AR I 1)
P Oy BT T BN NE A I o R BN U RIS (RIS b, X AR S AR A
pri1 AR AL G Irnd (BB HEAT T %5, B prid #1584 AUAILE,  FEARBER &
AT AR RN, I k. S8 L TR R R 5 KT SR AR AR A 7R Py
211 0 5y 2432 KT AN ORI P A DGR R Rk 1 22 5, 4878 T MR R S8 AR At s s B, X
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TSR S SO B AN B S w2t AR AL TR B . AHOCHESESS R A Plant Soil
LR, WIEE A FHEE (Brassica napus root mutantsinsensitive to exogenous cytokinin
showphosphorusefficiency. Plant and Soil. 2012, 358: 61-74.DOI: 10.1007/s11104-012-1219-2).

Bl 2 REBEAKET R AMEF AR K. LP L (5 M P); HP & (1000 pM P).

24
A Birnl Oprll OWT
a
a Bn4
n
16 | a
b
12 +
8 L
4 r c C cd q
c d
0 [ _ = |
S 28 ¢t
7 | b BnAPase5
A 24
&L
% 20 t+
o 16 c a
(5]
2 Y b b b
)
S8+ b
[<5) d
=0 " N
0 ) ) ) C
C a
4T ab  BnPHTL:8
3 B a a a b
ab b
2 rﬂ I—’_X—‘ 0
¢ T
1
1 L
O 1 1 1
LP HP LP HP
shoot root

B 3 EBEM B T R RS £ R M B3 R AREE Bnd. BnAPase5 I BnPHTL;8 HAHXT
KiER, LP LXK (5 UM P); HP RoR kb (1000 pM P, iR ZE£E KR 3 IKE
HbrEZE. NSFERE (a, b, ¢, d, e, ) FaRLE P =0.05 [ B A5 KT 1 8210
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2.1.8 JHEL ISR EIR s TR A Ayl e e

il Je NARFISh )b T IR e 3R . Sl 2 RECE  O IR . WIEE S ISR L
RICT. P EZY T29%0 b B, T AR R A R R R AR R — B A
BT o WA NS AT 2 A0 PEAE IO T JE50)aE, I8 Sl A 7 T S A
MR G . AN UL, B S22 M R vk o BRI, WA ARt N 38 5 )
X8 R B AT % e R A A P0G ) T AR AR A 0] T T AP A R A0 A% P TR AL A B0 A A4k
BRI S0 FAT 0 BRI S H TR TAE AR SIAR A Al (A7 A2 T 248 A A AEST, AR
TR AL PRAAT N VR AR AR T 2SS AR AL 2D A S

y L R ST YR N 1 T o i e SR SRR =R T -d S D ASR T 7 S 6= v e SR VSR S
WS E B LUER (Nicotiana tabacum) A HERAEL, BFFT T A RIKCFA AL B 4 1F T
FENHAEAR Tl ) SRR B SO R R AR KBTS R GE 5 o S5 R W] (1) IRl b
Bl(Se<d.4 mg kg YEHE TREMIA A K, 4280 T MNHTALIG A RE Iy 5 1T s Al Ab B (22.2 mg
kg™ DI T BTSRRI BE )7, R A K2 B3] (2) g MR IR b 2 B - 0
HP i Ak B A B2 G N R AR R (3D BEANAL IR LRG0, B IR th AT HLAN (Se-Cys
A Se-Met) iy Lhlgib, JEHLA[Se(IV)FI Se(VI)IAT by Lb B . (4) x5 1 A= K
Miprs b ae o s B 1 0 b JeHL (Se(VI)AT Se(IV)) ()&= EL BB UIAHOC, T 38mN & &=
1w S EUEY AN TCH U L3 s, AT FRARRE MR ST e ), IR AR . AR 9T 4G
JAE Enivronmental and Experimental Botany &%, 8—/E# Ao L0 A6, iR
13 RE WG I 2504% (Selenium uptake, speciation and stressed response of Nicotianatabacum L.,

Enivronmental and Experimental Botany ,2013, 95: 6-14. )

A

40

Perceniages of Se-cys, Se-met.
Se(IV) and Se(VT)
2

80

60

MDA content{umol g‘l )

Percentagesof Se-cys, Se-mef,
Se(IV) and Se(VI)

Control 22 44 11.1 22

control 22 4.4 1.1 222

Se treatments (mg kg) Se concentration (mg kg'l)
P 3 JE AR T b AN I T 28 i o B0 7 23 B 6 A A4k BT #E A - MDA 58 (4 52
2.1. 9 FR M HOBRAEA 5 1 Y ) 0 BC DA R M e 5 o O % Bl 4

ARG TSR 2R ROKAR, 1T R R R AR I V8 2 oLt AR I s J ™ B A e 52—
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A, AR B AR A AT AR, AT AR ™ X s if g k1 v
Jr A LA R i SRR E S 1 R AR PR 7 R At o T 0 SR PR 2 W DA e A 8 Tl
SRR, WIRIRAEA IR AR R Sl A BT AN BRI, WA ZE AT A 14 D3 120 P
LUK REZNE, TR A BE R0 5 X LA SEah AR 00 BAT B AT
LR E TR RS AL A7 2 10B 7Eg, WFFT 1B RS DI CE AT A4 A B 0 i
PASCT B2 il s il i shvk . &5 W] (L) BB se stttz HAEAH
il A I 4682 - o 23 B SAAAE 2 S, BRSO RO A ARl A ALy 20 I 8822 - o £ 20 PO 1
TAERRGERE ARG A R 20 T, TXBe G SR —N A FERRE 1 K PO 21 O RR Se it R A Ay
IR IR I SR RE IR S B B SR s (2D e i il ol LUK 2B s, 1 d S I A
MR K AT A 2 rp ez, AR S RSl A AL 2R B b 20 ol 22 /0 A R s A )
15.8% 1 17.6 % ¥iz BILAMIA; (3D WA Az 2R, St 25 AR -h il i)
RSB, ARG 3 b n SR ORI R il i) 77 2K, S el B2 InEEAR A SRAIAEIR , AT
o FHURN H AR TC R IR R, AR AR A A S i) R A el it B 7 <G B o
it Al o AHOCEE JAE PLANT SOIL R, T HAER 247 G| 4% (Liu Guidong, Wang
Ruidong, Wu Lishu, Peng Shuang, Wang Yunhua, Jiang Cuncang*,2012. Boron distribution and
mobility in navel orange grafted on citrange and trifoliate orange [J], Plant and Soil,360:

123-133. DOI: 10.1007/s11104-012-1225-4),

. 3 Fig. 4 Influence of foliar
fertilization with enriched
8 on the percent abun-
dance of "B in the lower okd
2 leaves (a), e root (b), the
A upper old leaves (c), and the
new Jeaves (d) of “Newhall”
navel ocnge grafted on cit-
range or trifoliate ornge
supplied with low concen~
1 tration of patural-abundance
g B as root fertilization. The
lower old leaves were trea-
tod with 47 mAf boric acid
conlaining 95 % enriched
N 8 (foliar B) or distilled
water (control). These plants
were culoured for 35 days.
Bars represent means of
theee mplicates & SD. Dif-
ferent letiers in cach plant
part indicate significant dif-
ferences between conrol
d foliar B (+-test, n=3,
P<0.05)

(B) I Control
Z rolie B

a8 a %
(D) T
a

2 8 35 38 3

% Abusdmce of "B

2

©

$

b

% Abundance of "B
e nESERBERER o

m

_

Clrange  Trifoliate onange

Citrsnge  Trifollate omnge

B 1 FHE% 108 BRSO A TEE B 2 AR T A R R BrE AR R BT R B L0B A9=RRF

2.1.10 Al BRI SN B R TUERT A

XS WL R PUAAN R AR BE R S R OB IR BOR, 8 fee il 2>
At T SRS EALR UG R A RN R, e A5 5 AR S i, o M L B s SR TR
PEIIOR AR s S Wit G S R AR A 195 TS A 6 DAL (1 4R T 0 55 B st S DO PR IR G &R
TSRV R0 AR T D50 T NI o S5 AT (B0 SR BER /N AT 70 Ao oot A LE, 358t
M1 0.1 mg/Kg fliA B 7 Z5FF A4, 1y SN 1 mo/Kg AT g 4 R 2B 225
PR . SEAoe IEAHLE, 486 0.1 mo/Kg AT Al 0.1 mg/L A7 Bh T4 REnt it
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—HUH R 3T 0.1 71 0.5 mg/Kg Al B T LI 5 JAJET HUm i AR A0 SRR i) R IA i
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Fig. 1 The effects of mucilageon root elongation (a), callose induction (b) and Alaccumulation (c)

under Al mistexposure for 24 h.
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Fig. Elution curves ofpolysaccharides from mucilage of pea root with/without Alexposure by
Sephacryl™5s-200size exclusion chromatography.a Elution curves of sugarcontent (open block) at
control,b elution curves of sugarcontent (open block) and Alcontent (closed block) at Al exposure.

Geng M, Xu M, Xiao H, et al. Protective role of mucilage against Al toxicity to root apex of pea

(Pisum sativum)[J]. Acta physiologiae plantarum, 2012, 34(4): 1261-1266.
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Fig.1Influence of B on Al Adsorption (A-C) and Desorption (D-F) in Different Root Cell Wall
Materials. Later roots were collected and cell wall was extracted as described in Materials and
methods. Cell wall (A,D); Cell wall without chelator-soluble pectin (B,E) and Cell wall without
pectin (C,F).
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Fig. 2 Influence of B and Al on activity of PME (B) in root segment. Pea seedlings were grown

with B (+B) or without B (-B), and treated with Al (+Al) or without Al (-Al).
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N TR 2 i Al R SR B (R e dE 22 S AL, SR T AN RO i
TSRV A0 M 2R, i AR KT LA AN [ 35 DR 2R el Sl s 236 22 S (RO AL 1) B itk )07
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Tt HZ FOW WS BE i TR A LW, B iz B v TR R (18 3).
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BEAh, FATTRAH W AL SR = BQ DH FEAA G ARG 1l 5 85 P iR ist A e el dl i =

SE IR FH 0] 050 4 22 B i 2= MBI L 25 AR R BT AR AR B B A SR IR R e A

Jto it BQ DH atLIER KIS AR AL UEAT 7 2L ALl s 8 QTL A 5404
(Zhao et al. 2013).

2.1.14 Y 3EBE R L B AAEHLEBT 5L

LA = B T AR R T S R R H R SR B
BHEY, F50E 2, X B Al o RBR o DLH S 2R il =19t v 280 P Niingyou7 R 28 Tapdidor
Pk sdt i) DH BEACHRPRL, B =4 R, A 1ok BEATRE IE W 40 T el & L
EAACHIRIR AL S, 455 TN DH B AL ESE i MREARBICE N T 155 DL
QTL (K 6).
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=Sy
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15 1 LP  =BN
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o RBH
FBH

QTL Number

Bl 6 fKBE (BEAkfR £ MBEIER (BAMFT) &4 TRIBIKF T8 EAMRMER QTL 7
HEBRE B AR

DLAI A /» 5425 6-" L IRmnd (6-benzyl adenine, 6-BA) 1 4 S8 AR MG v iR Ik 7 H Ol
Mt EMS SRAZRIZE () 3500 > Mo ARAACHR R, 313 T 6-BA AU AR SEAZ 4K pril A1
MRS AR Irndo 8 X AR AR ST & B, Irnd K2 28 PO US4 20 24 2K 1 B, W98 T
FOMAR SR AE RN 5 B R 2k il A, AT 17 I BERSCRI R I Z80% . Irnd
HpriL 22 [ FR A K S U R B R R IA 1 22 5 v] e 3 30 T e AN B E R R AN TR (11 7).

B 70.2 pM 6-BA W IRARZ S FARKRAESER
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SeAh, S AR B RS R AL AL BOR, 7R A T IS 2 i S 355 Pseudomonas
aeruginosa fr AR IR & il (CS) R KAEAAA IS MM A AR L K] phyA F appA
L FERIRR R 3 b, RIHIKES . 085 LRFSE T IE I T 6 DR I 6t 0 2 5 ARy
P AR R SR, AR TR S h R RIS CS BRI AV T
DR RATRERIR V) 0 Wb, 10 HLAE T 3 SR 1K 5 AR, IX WA AR 40Vl e (1) 149 4
i TR AR CS3 AT CS6 (MAR REHUMEAMICBE 2L ) o H W A =il e AR S A b
AR U 5 P 9 PR AR TR I ik D) ) LA 08 25 494 5 2 R DR R R AR 2R 0 AR TR I % 2, 88 v
BEDRI R 2N AR B WSO I R 0 o JF B, R R DI REAR D 7 BAT IR m IR AR I 5 M (wang et
al. 2012,2013).

2.1.15 KRB RACE R EEB A

PUR sk GS1;1. GS1;2, AMT1;3, GS2 (OX-GS1;1, OX-GS1;2, OX-AMT1;3, OX-GS2)
DUFh A B K ARG A TR, R BRI PR A DI B, IR KSR =45 1) v SPAD
EHADCEEHSE: KSR RBOK S &, Bk, BRI NR. GS
HIRUBISCO Wi i S BaBE PR 1 e ik /K1 LRI S8 7 T T RE T R AIWFFE, 40
THBRERIEAAILN GS1;1. GS1;2. AMTL;3, GS2 S Mhs FACH s, AT ik ak
DRURLRR At B = Bt R IR SR BRI, O A T 4 7 S WAe R PR 7 A B A= A Bt R34
MR S % . WIFTRM, GSL;1. GS1;2 KB FRIA S EUH I N R ER I B8 ) BRI,
BREAR T = 10 5 R R DGR B R I 7K T 2B SR 5 248 5 Wi e B DR AR (1) 1 AR KR o
TER. AMTL;3 [ 5 ik 3 B0 BE DR R BRI KT ARG, 05 226 58 i e i DR R AR 14 1E 5
A KR R T A

22 MBITRREESZE

2.2.1 IANZ/NZ AP LIRS AL E R R ET 5T
2.2.1.1 WANZ/NEZEFRIHE W) ) 2 7 RALEBTA

B A PR T R B TR I, PR DR IR A/ N A RSO 2 R i I, 7E 10pmol/L 1)
IR E R A A TR BE L 10pumol/L B, SO BRI S, U B B 1 AH R B e e
2N ZEWRMEH IR RE g AH U SR v 2o & /N2 0 R TN, IR T RO I ) AN 7
AR AT R, T B A ) A R A R R ST 2 R TR () B A o M PR R
i F Tumol/L B, 97003 FW I % I 3% =1 97014 HAEAHIRE 4y 0.6-1umol/L i [ Py A 2
TS, AR WS ST lumol/L B, 97003 SLEEK T 97014 HAE 5-20umol/L
Z AR B 2 72 e (B 1)e PN AC/INZZ BE DR R AR AR AR R iy B 2 AR IRSC R ) 5 59 A 5] 1 i R
A RHRNIET
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14

Molybdenum uptakerates (ng g ~! root FW hl)
=
1

0 0.1 02 04 0.6 08 1 5 10 20 40

Molybdnum Contrations in Solution (umol L’l)

B 1 PN/ R R R B RS SRR R AR AL I 22 5
2212 WINE/NZERRHE BRI R R A A

N T RN FRAR AN A /N2 BRI B BRSO 32 1 22 e, WF T BHWROSCAH DG 6 TR TaSultrd. 1.
TaSultr5.2. TaSultr5.1. TaCnx1. TaPhtl.1 . TaPht1.2 Il TaPhtl.4 ik & bifi I [ 14y e ik
FEARA A B o LB RIS BT, RN HIOE % 5 TaSultrs.2 3% IEAHG, WlicE
L TaSultr5.1, TaSultr5.2 F1 TaCnx1 W& AH5¢, Uil TaSultr5.1, TaSultr5.2 Fil TaCnx1 X =4>
AT AN RHTIR BR (WAL F R 3 SRR I A P, AR A 46 /I 22 5 DR TR R s 7 S ) R PR 2

o

R 2 HEBCER SR R KRR E S ERRIERZ D B AT

Correlation Rates TaSultrl.1  TaSultr5.2  TaSultr5.1  TaCnx1 TaPhtl.1or1.9 TaPhtl.2 TaPhtl.4
Rates 1.000 -.033 889" 500" .083 -.100 273 545
TaSultrl.1 -.033 1.000 .009 406" 333 254 -.040 -.392
TaSultr5.2 889" .009 1.000 .703™ -.099 -073 195 687"
TaSultr5.1 500" 406" 703" 1.000 -.325 241 -.099 241
TaCnx1 .083 333 -.099 -.325 1.000 .035 334 .062
TaPht1.1 0r 1.9 -.100 254 -073 241 .035 1.000 -478" -.230
TaPht1.2 273 -.040 195 -.099 334 -478" 1.000 .366
TaPht1.4 545" -.392 687" 241 .062 -.230 .366 1.000
Regression equation Rate=0.212xTaSultr5.2+0.074 (R=0.889™)

Note: * and ** indicate correlation by ANOVA followed by t-test (*: P<<0.05, **: P<<0.01)
2.2 255 R MRS IR R R MEIR AT B LI
2.2.2. 15RMEX /D BRRE BB ARG & 1R KR

LURHIR ERICER 52 (L45) Flmifl 52 (H64) pAN g A/ 3l ilie it kl, SR R 7
AWIIE T AR (Cd) KRBT/ S Arh iR . B T E AR . Itk


app:ds:regression
app:ds:equation

TG EMT 9T RO EEIR 2012-2013

F ZACE A RIS ML LSO SR IR . SRa ADIIIE R, A& SHagEL N A0
AR, B R, IR SRR R dhfh (L45) [Rsemi s W .

14000 500
¥
¥ a [ He4
12000 1 = He4 a
P o~ 4004
o b o
g 10000 4 be be cd cde 3
< S 300
2 de| e = b
T 8000 de e 3
€ <
3 3
g 6000 4 e
15 S 200 4
o o
ZI z
+ 4000 4 +
5 =
=4 Z 100 q
2000
fg
0 0
cK T1 T2 T3 T4 Ts cK T1 T T3 T4 5
Cd treatment Cd treatment

B3 FEREHTA AR A RS RAESE S BIOEW
2.2.2. 255 e x e R FE AW

DURS IR £h s (IR B/ (12 Bl (2 BN LASRIHGA) kiR, BF9C Taais 4L R/
K. AR, 2SR, P, AR, 2SR, DAMKRTIHSE S EM L
P A AR . SRR, NSRRI, LS HeA b
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HELE LS (Z5) M1 Pb200Cd100 mg -1 (A7) IRz S 4
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P
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che P
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Cd Fe Fe Pb A
IIIIII""""'I""'""I""""'I""""‘\““""‘I"""'""I""I""I""I""I""I-ﬂ'-"_"l""I""I""IIII
I 1 2 3 4 5 B o 1 2 3 4 5 B 7T & 4 10

IBRHE 728 ots AR 0.000 kv EER 10336 ofs E4R: 0.000 kev]

AR TGS (A2) FI4 Pb200Cd100 mg L-1 (A7) Iy EDX BE K]

2.2.3 R\ KREMEBTEPR D OESSHE TEMNSE 2012-2013 FEE

ERF T AEBERE

SR RS AZWE SO TG R KRS B BB ECR ST, AR
IKAREIAE R IR TG Gt B B R RIS 2 r s B S AR s s B IBia oA, B
WSO AL o T RIS M TR A B S . IRBE A AN )5 . PRSI AR 2 U,
PLE T R 77 5 RS SRR AR A (RO A% S5 o A4 R BT Jie 17 R NS (R K 34
B BRI ST 2 PP BRI R BTIE, DALRABE, 25 T BORT A & 18 B35 Bk 7k
BFse. HEP, s m#ER 1N CRig 1D, BI#ER 5 N JH3CkE. BEk. B,
BOKREE JI/N0, YRl 2 N GRS, mEEmrseA: 3 ARAEaE s 25 N4

2012-2013 SE W K FERBRFFBERINT (3277 M FERED:
—. KIS YL K VR B AR [
DUKFEPNE 52 BT K R E B R AR —, BILET . MBI TN s AT

]z %] (Louisa, 2010). EDI/KMM IR, fEBE# CaCOs-P JLytiE k. 52 —F
BIRICHR, KA RIUKTEY), AT PR IS B 1, 3B AR AR DA AS W
WA N VA B85 1 WA B KA b e R A o v R A B 1 S KR TP R T U AR T R
CaCOs-P HLYiiE, B /KIAEEh ICHLBEAGER I, AT AR B 78 TR fd o (B 504

“TLELIK B I AR A K O B B A o i /R I ALHIBE ST (40973056, 2010-2012) K&
T R e DU W T A4S 5 W s Bk I 205 - Wl L UL PR T G Ll 9 (20100146110020,
2010~2012) AR 34D WFFCENIE T WDIR A iR ke i, B2Vl R R IR e is 22
My EFR, AHL EES AT PR, S EH PR ARERES TR R, R, BERR R S R AR
CaCO3-P HLyiiE Ml /K rh MR 2h V0l T Ui i #2 (Fig. 1, Fig. 2). AHICHE Rk EAE
International Journal of Environmental Science and Technology _I-:  He Jun, Liu Guanglong,
Zhu Duanwei*, Cai Jianbo, Zhou Wenbing, Guo Wenwen. Sequential extraction of calcium in lake
sediments for investigating the cycle of phosphorus in water environment. International Journal of
Environmental Science and Technology, 2013, DOI: 10.1007/s13762-013-0490-y (*lilfF#,
[}, SCI, IF=1.846)
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Fig. 1 The precipitates formed on the surface of P. crispus leaf in the pot experiment (distilled
water as the overlying water, sediment of Lake Nanhu, P. crispus grew for 70 days).
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Fig. 2 SEM images of CaCOs-P coprecipitates and corresponding EDX spectra on the leaf surface

of P. crispus under the constant temperature condition
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BT R 3 A BRI 3 I, HIRTSRIEHI SRR RS 13 Tl MUy bRdE 2 T, 4 £F
SUFIRTE K AHE) AN 370 T 2w, HUREAY 13.4 1 20, AR BETE 2.0 2 (dra),
WX a3 1e2 0. WA EYRR. BB e, A T B RS EG .
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AR i ARSI B -

4.4.3 FOVABEZIMAGE 2013 FEFHLMT NA TR



R TR IO AR 2012-2013

Hir, #E R R AT TRt i N A SCREERI 2013 FFEAE N 144 5, FRft
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4.4.4 FPET A SRR E R E Y E ST AT FE I A R

2013 4£ 10 A 15 H L4, EEskaYE F£057 T (PN, International Plant Nutrition Institute)
TR TIZS IR AR R R 00 B2 AR 257 b2k k B Rt ARb 2 o [ b R 27
B Aol Ko R R TS BT R PG AL AR RRR2 2 (K 5 A iF9T AR T 2013
S B A E SRR T T AR 22, Ferhoo i AR B A8 b SRR E ST
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[ bRt 078 JR WS 5 F 5t 4% (the International Plant Nutrition Institute Scholar
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5.2 HASMEZRFOVIR. TR

5.2.1 EANEFFRPOVIH . PEE¥
5.2.1.1 HAZR R K2 Toru Fujiwara 5 R E B

2012 411 11 H % 14 1, W3R NiR 7 SR B RALK38 , H AR ST (The
University of Tokyo) Toru Fujiwara KB HATEARAZ ML . ARFARAT GG 2012 B
FUEFARFE W E LA B

Toru Fujiwara Z#Z2& H AR 5 AN 5 A an B2 0F 50 A e B A= 04k 2 RAE AV E 97
ENERERT T E B%, FEN R R s A OB, R RN R SRS 4 A 0 235 BT A
SRy WREAEA) R B & 7 BT, MO EARIB UK KA Science, Nature, Proc. Natl.
Acad. Sci. USA, Plant Cell, Plant Physiology, the Plant Journal, Current Opinion in Plant Biology,
Trends in Plant Science, Journal of Experimental Botany, Plant Cell Physiology %% [ B 59 3 1)
e

AYYj ), Toru Fujiwara 4% 7 %55 IR 22 Bt — S IUE M T “New developments
in boron transport mechanisms and boron response in Arabidopsis” (¥4} % . 15, Toru
Fujiwara 4% B /e 44 1 U il 4 ia 1550 BOR1. NIP5;1. NIP6;1 S e[ . XA
TEIR Y o AR5 A1 T IR LU DR AR R D RAEG (D BBl v 1 A BERA 231 ML B et e
2 HE Molecular mechanisms of boron transport and its regulation by boron status in plants.

Nutrient transport regulated through protein trafficking (and others): case of boron transporters.
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Analysis of boron-dependent regulatory mechanism of NIP5;1 in Arabidopsis thaliana roots.
DNA damage is amajor cause of B toxicity and condensing Il is required for reducing the damage
o WP DIRTT RS, BITHEBR, OB, KTEEER, VAR TR L
8 MR SRR AT 5T 2L 50 2 NS I T AR UCE AR -

Toru Fujiwara Z#2 4 Uit PPT
Vi IIE), MEAVE SR R A A R . SR L TR W R
A R R, gk AR UL ) Toru Fujiwara A2 1 Fedi 10 I A 77 1
R IKFERE R W STHEE , Toru Fujiwara e 17 1R 2 5 S1 i WA . 3R
RIS BB 3 5 = B 5 Toru Fujiwara BT T4k, ERERGE
ACPTTTERIT A T 52 W
TRV ) FIAZ R, X7 HYBE T A H. T AEAH LGB TSI B 1 8k — D SR 7
%, A HULFE RIS E PR SEIE, SYERRVITEURSE T 2l 594k, ARIRAT TRk —
AL R R Z A EAE, HESNBFTON G, At A F 50 A R A S A e 5
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5.2.1.2 LM T PAZ Martin R. Broadley BEZRR A Hi Vil

2013 4E 11 A 16 H-21 H, MGG BT B G 2ax 1igais, Se il | B0k
(The University of Nottingham) Martin R. Broadley Z4% 2k J ke FF e 2 RAZ Vi«

11 J 18 HNA, NBeIs b IAEE 2 e T 5T AR 4 A R R 387, Martin R. Broadley #4%
R T A AL R % 2013 AEBFFUAE AR S IR PR B 2 B o IR ER e tE B I I VE RS . A
FIRWET 8 A7l AR LA (I E SR R R, JFeR T R E IR BORIPEE . Al IX
DCEARGEE AR ey, A BRI BB

11 J 19 HWg L, A& BB 204 23 Martin BR80T — SRR
W EEH K party, G EENGIL 40 NS0T Ik party. 76 party b, KZA
Martin A T RMIF . A% DL SO AE 7 THIIAS L, Martin B AU KRR AER T DS
FERSCTT AN, ARG ) R 5K R T D[ Soqk, ), 38 KK T — B 9303k, A
A TP EAEAE DA R A E R R T H .

Martin R. Broadley #4% 2 Iniff 51 A4 4 Al #E 45 1Y) Party

11 A 20 H_EA, Martin R. Broadley #35%/E 5t Fhk 204 2N TR 2 Bl B A 17
“Dietary mineral micronutrient supplies in Africa & role of plant nutrition in alleviating deficiency
risks "M A AR, AR LR .

Martin R. Broadley ##% 14 & =240 T Wil AL E & Hh i M8 IR 21 ik = 1 XU
LRI E e E G, MR B2 22 20 RS £ 5 SN 2T LA XURS: 32 A B
R . Bim, AbHVESEioe . RS0 T Fe. Cu. Mg. Se. Ca. Zn SFf it
BRI E S s Z PR U LR L5 R — R A NS R I, I LA S 4y 45
7 AR feJe, Martin R, Broadley #i%45 & B CEAEYIN R I5 )7 TH BT FUEF G,
R TR ZY: AEMET . MEZAIESE T JoR T PR E o R & &, (%
B NI E IR 3 B, TS DL S i D 9T ek 6 5 A 9 P A 10 22 e 5 s SR Ak T
o RGN, L A QB ER H L Martin R. Broadley #E1T TR A BB AT UL«
VT RIS, ROTIGHE T T AEA LS B S R 1 13— AR T %
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WL H B ST H . SR ACRIETUCR BUE 1366 04h, AU HESI BTN 5y
A AR B IR T — B0 W

Martin R. Broadley #(#%. Graham King 2% 15 41 £ 8% i e B4 AT 2 AR 1S
B4, Martin R. Broadley H#% /4R WA 4 F ML e (TR om SMIEEA) URAE
IR LRI A OCRAB H BEA T S R AT
E EICRESMIBER ) FE2AT, Martin R. Broadley 20 LU BUE 78 101k
L, ERND T HIL 2 FEMERES. (An overview of plant evolutionary diversity ).
RIE MR R A% (Root biology). Hi4: &M E (Metal hyperaccumulation) FHs b5 5t
FE5r 41 % (Shoot mineral composition) %5 — ANy T [l i T RIS FUE F7- 33k 1k
(Evolutionary aspects of nutrient capture), fJii, 44 7RV FE o AR A5
(Ecological aspects of nutrient capture ). {fu & 73 S ) PRAE G2 32 2%, Martin
R. Broadley %% 10 240 GEAE T TR %242 60 N, L BE 5 15 IR BE 22 B Al ) 57
LTS 20 N, Rt B 4R 40 A

Martin R. Broadley (4% /oK etk (—#0 iyl Lk
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Martin R. Broadley 052 GHFSL/E 4k ILBE (50 &

Bkl Martin R. Broadley /& & [H i T DURZAEWIRL24 B¢ (School of Bioscience) #i4)
BFRTHSE, FENFRY T I7 SR RN A9 26N RS 5T, 3 2@ i
AL B R e DR T B e VR A (1 97 90 R FH 8O3 R S F3 20 AH G 1 it STk, H i
I3 Ca, Mg 1 Se £33 i 8CH AL W) & B IEI o AR T7 1H, 22 s iR 40 Wi
WORIAR SR L, SO 9T 25 2 S AR YR SR W (R SN U4, 7E Plant Physiology, PloS
ONE, New Phytologist, Journal of Experimental Botany 2541144 2¢& k% JL 15 308, 9L
PR ] B R A7 7 o A L B AT BRI S )

5.2.1.3 BEHFKE Clive Rahn R BRBIHATEARIH

2013 4F 11 J§ 21 H-12 7 6 H, MBEAEBLIRor BRER & BRSNS, S e
K% (University of Warwick) ] Clive Rahn ##5% K J T Ji# 2% R AT «

o, MBS AT L KA IR R, Clive Rahn 225k 52 T 57
B EUUE AR N B0 B E RN R KRG -0« AR R 2 it I s Yo i A
XS URE A Ly 2 AN BARHE) AT I I RIITHE - & RIRESEFCH . RS, Clive Rahn #(
2N IR S BT E B M AEAE T 304 “The Challenges of Knowledge Transfer in Changing
Farmers Behavior with Fertilizer” [ %# R4 ™, IR T RNV 22 (RIS A 1 H S Bs AR
77 ASOR BT B I 280 2 RHIE R R A B ) 8L, 534, Clive Rahn #3380 1 i 7E [
WIS R PRI LR A KRR B 2 5 T 770 TSR O B AL B e . 2 /Nl 20
E NI 6 7o S NN 7N S by MW (R VAL B8 G o 9 71| P LS S & B NI B = = T )
Mok, 193] 7 Clive Rahn ZUR I E M5 T . )5, Clive Rahn 2% 2013 ZtaY)
BT -E R AEAE T 4 “Soil nutrient status and fertilizer recommendation systems”[#]
LR, VEANA AT T D AR A A A DS g A PR R HEA T HERE T, T T W oA
ALY o

MR AAZ GG ], Bk T X7 A T, AT REAE R AR DA 2 RN
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PlantNutrition Consulting

Clive Rahn #IZZE V& PPT
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11 73 24 H, EBEEG R LRV £ XGRS R RO Clive #URAETR
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0L A PEATL LIRS EKIEHITT R B T R e . BRI 4
TS ) SR i e, EHEATUH K. Clive MBS AL b7 AR ML BRI
PRI IIL R R S 4P 6 BEESSROT UL ST S N BOR IR TE SR N o 7252 %42
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FUESAT T4 AR H AR s RS I HORAE G 0L, E AT 0L MR R e
@

5.2.15 EEHBFT BEKEZE ARBEREL U H

5 H23-24 H, SEH IH2 HLIE K 72 FullE e b BE -5 PR 27 g Ik s i i ke

RAZ WL ] o



R TR IO AR 2012-2013

5 23 H P, 2l B /e s 5 M B e 204 il S M “ axihign”, |
TP HIE KA UL AR Bep Ak e e ds TAF, BJEA T “ 5 B R o 2 B AR A
HAEBWER P 52ARIRE, VEAIE TR E SRR R ea W BECR . LH0K Sy
B BEHORAE, AESCBUARME A T B e 5 A A B R AP THOT R B A BRI Bl
BRI IME A e T AR BUMAE ST AEA 4 T WA SRIE A M S KRS R A 5]

ST RE IR AT o BT USSR ) R TT TR, s 14 e S VEDTIUN B

AH
/o

Bt: 2= SRBRFEZ R

AR, s, SR BUA RKE B RO B 22 B iy il 5 BUE o0 R KR
REFZ, AR AR R AR v [ By RV B SR (1 2 e % . 1982 AFHEME T 1L AR AR 2 Bt
AR, 1990 HEA4E 5 ETRIA W R AR 212447, 1993 43k ) HL 24 KA IR Rl 2418 12
fro FREFEKRES Fellow, EETHERI2E#2S Fellows BURNE I EY (ZIEH0E &%
2), HAEHUNHI (EFroekle S TRIES), Mgzt (Gamma Sigma Delta 5%
b Pres) SEECEATHE %, Art Hornsby ZNHH#E 42 (B2 BLANHE th4s), BEIFRFEREA
AR (P HIE KR IFAS) FIRFFUAE BB (% A R Rl 280 T
WFF 3 SR IR VR 5 vE B Gk A A B i 7 o R AR L R B b ) R A0
W&, LRV 180 425, #8370 i, 5% 5 148 15 A, /T Reviews in
Environmental Science A1 Technology and Communications in Soil Science and Plant Analysis
JeBmgm, J& ¢ Water Quality Concepts, Sampling, and Analyses) A1 (Handbook of Soil
Sciences) Ffiz—. IEFETUA 20 R4, TR FHE LG 15 4 &2 4 EH BRI 224
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5 | #&FE | HAAEERNEILA L el 21 it A
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Boron efficiency
in oilseed rape
(Brassica napus)

\,
SN
T4
5

Effect of
Etibor-48 and
Colemanite on
seed yield and
seed quality of

oilseed rape
+H | (Brassica napus)
2013.08.15- | At [ and their residual | K< 78
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Effect of chemical and biological degumming on the adsorption of heavy metal
by cellulose xanthogenates prepared from Eichhornia crassipes
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ARTICLE INFO ABSTRACT

Article history:

Received 16 September 2011

Received in revised form 4 December 2011
Accepted 5 December 2011

Available online 13 December 2011

Cellulose xanthogenates, derived from the straw of Eichhornia crassipes, were prepared as adsorbents for
heavy metals by CS; sulfonation and magnesium substitution after degumming with alkali, self-isolated
A, strain and pectase, respectively. The effects of three degumming treatments were compared by func-
tional groups analysis, surface morphology and surface element composition and heavy metal (Pb*")
adsorption studies. The results demonstrate that bio-degumming treatments by A, strain and pectase
have weaker degumming effects than alkali treatment. However, the surface characteristics of the
bio-degumming products, especially the pectase degumming product, are more beneficial to heavy metal
adsorption. In comparison to that of the raw plant materials, the Pb? adsorption performances of the
Bio-degumming three xanthogenates improved significantly, although no obvious differences being observed among
Adsorption themselves. From an environmental point of view, the two bio-degumming treatments, especially the
Lead pectase degumming treatment, are more beneficial to prepare heavy metal adsorbents than the alkali

Keywords:
Eichhornia crassipes
Cellulose xanthogenate

degumming treatment.

Crown Copyright © 2011 Published by Elsevier Ltd. All rights reserved.

1. Introduction

Efficient systems for water remediation such as heavy metal re-
moval have become increasingly important and urgent. Derivatives
of cellulose, starch and chitosan, are attractive options for water
treatment, offering significant advantages such as abundant
sources, low cost, easy handling and biodegradability that
minimizes secondary pollution (Nawirska, 2005; Belhalfaoui et al.,
2009; Salam et al., 2011). Cellulose based adsorbents for adsorption
of pollutants such as heavy metals and ionic dyes can be prepared via
esterifying, etherifying and ingrafting with propylene, CS, or
acrylamide, etc. (Anirudhan and Jalajamony, 2010; O'Connell et al.,
2008; Lukasiewicz et al., 1999). It is known that grafting CS; into
the cellulose or starch structure leads to xanthogenates of increased
capacity for heavy metals adsorption (Tan et al., 2008; Changet al.,
2008). For this reason much attention has been directed towards
the preparation of effective xanthogenates from a variety of parent
plant materials.

Eichhornia crassipes (E. crassipes, i.e. water hyacinth) is a noxious
floating weed growing in shallow waters, especially in tropical and

* Corresponding author. Tel.: +86 27 87287184; fax: +86 27 87288618.
E-mail address: zhouwb@mail.hzau.edu.cn (W. Zhou).
! Co-first author.

subtropical waters, and can proliferate extremely quickly in eutro-
phic watelrs (Zhou et al., 2007). Excessive growth of E. crassipes can
cause serious environmental problems, e.g. infest large areas of
water with reduced light penetration and dissolved oxygen levels,
pose health hazards through harboring of a variety of disease vec-
tors, cause water pollution after decay, reduce biodiversity and
generally degrade the water ecosystem (Zhou et al., 2007; Malik,
2007; Ismail and Beddri, 2009).

However, E. crassipes is well known as an efficient absorber of
nutrients and heavy metals from eutrophic water bodies. To take
advantage of its beneficial role in pollutant removal, efficient utili-
zation of E. crassipes after its harvest is highly desired. E. crassipes is
rich in cellulose (>30%), hemicellulose and lignin (Tan et al., 2008).
The straw of E. crassipes can be treated with high concentration of
NaOH to obtain an alkali-treated straw intermediate. When sulfo-
nated with CS; and substituted by magnesium salt, such an inter-
mediate forms magnesium cellulose xanthogenate that is known to
have high adsorption capability for heavy metals (Tan et al., 2008;
Kumar et al., 2000; Zhou et al., 2011). Unfortunately, the large
amount of alkali-wastewater produced by this process poses a se-
vere secondary pollution problem.

Biological degumming (i.e. bio-degumming) may offer an alter-
native to alkaline treatment. It can be achieved by microbe-degum-
ming and/or enzyme-degumming. In a microbe-degumming

0960-8524/$ - see front matter Crown Copyright © 2011 Published by Elsevier Ltd. All rights reserved.

doi:10.1016fj.biortech.2011.12.023
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Effects of Fe—~EDDHA application on iron chlorosis of citrus trees and comparison
of evaluations on nutrient balance with three approaches
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Keywords:
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Iron chlorosis
Iron deficiency

Iron deficiency chlorosis occurred frequently in many fruit trees grown on calcareous soils with a high pH.
Afield experiment of Fe~-EDDHA application and a nutritional status survey on citrus orchards were con-
ducted to observe the effects of Fe-EDDHA application on iron chlorosis of citrus trees. Three approaches,
i.e., Sufficiency Range Approach (SRA), Diagnosis and Recommendation Integrated System (DRIS) and
Compositional Nutrient Diagnosis (CND), were performed to evaluate the nutrient balance status of cit-
rus trees. DRIS and CND were suitable to diagnose and evaluate nutrient balance status of citrus trees
grown on calcareous soils with a high pH. The diagnesis results revealed that Fe-EDDHA application
significantly improved Fe nutrition and decreased Zn in chlorotic citrus trees. The nutritional status of
Zn, Mn, Fe, P and Mg were at the deficient levels and Cu, N, Ca and K at the excessive levels in iron treat-
ment citrus trees. The results demonstrated that the leaf chlorosis of citrus trees grown on calcareous
soils with a high pH was mainly caused by iron deficiency, but it was not the single cause leading to the
nutrient imbalance in iron chlorotic citrus trees. DRIS and CND were suitable to diagnose and evaluate
nutrient balance status of citrus trees grown on calcareous soils with a high pH. The results revealed that
Znand Mn deficiencies became the new limiting factors in iron deficiency citrus trees after iron chlorosis

correction.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Iron deficiency chlorosis occurred on approximately 30% of
cultivated land area worldwide (Chen and Barak, 1982) and led
to nutritional disorder frequently in many fruit trees grown on
calcareous soils with a high pH. The high HCO3~ concentration
and pH in calcareous soil are two main factors responsible for
low Fe availability in soil and low Fe efficiency in plant (Mengel,
1994). Iron chlorosis is a more complex phenomenon in fruit trees
than in annual crops (Tagliavini et al., 2000), because: (i) fruit
trees bearing a large amount of fruits each year are more likely to
suffer severe chlorosis in the following year; (ii) chlorosis occurs
more frequently in spring when rainfalls increase soil bicarbonate
concentration in this period of intense Fe demand (Boxma, 1972);

Abbreviations: SRA, Sufficiency Range Approach; DRIS, Diagnosis And Recom-
mendation Integrated System; CND, Compositional Nutrient Diagnosis norms; Nily,
The Mean Of Nutritional Imbalance Index; I, The Nutrient Index of DRIS and CND
Models; EDDHA, ethylenediamine-N,N'-di-(ortho-hydroxyphenyl) acetic acid.

* Corresponding author. Tel.: +86 27 87282043,

E-mail address: hucx@mail.hzau.edu.cn (CX. Hu).

0304-4238/3 - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.scienta.2012.08.015

and (iii) Fe transport needs a longer distance in fruit trees to reach
the canopy than in annual crops (Tagliavini and Rombola, 2001).
According to the hypothesis of Mengel (1994), iron deficiency
chlorosis in calcareous soils was caused by restriction of Fe translo-
cation from the root apoplast into the root symplast and from
leaf apoplast into the leaf symplast. Therefore, the leaf total Fe
concentration can not accurately reflects the Fe nutritional sta-
tus in fruit trees and crops on calcareous soils (Pestana et al.,
2003). Active Fe (Fe(Il)), which extracted in leaves with 1 mol L~!
HCI, was a suitable index to evaluate iron chlorosis (Koseoglu
and Acikgoz, 1995; Sonmez and Kaplan, 2004). The concentra-
tion of chlorophyll or active Fe is often used to diagnose the
iron deficiency status (Pestana et al., 2005; Ferndndez et al,,
2008). However, these two indices cannot use to evaluate the
whole nutrient balance in fruit trees. Belkhodja et al. (1998)
reported that the leaf K/Ca ratio of peach tree increased sig-
nificantly when iron chlorosis occurred. The leaf concentration
ratios of both K/Ca and 50(10P +K)/Fe could be used to diag-
nose iron deficiency, which were adopted by Alvarez-Fernandez
et al. (2005) in analyzing various nutrient concentrations in sun-
flower, pear trees and peach trees grown in calcareous soil.
Similar conclusions were drawn by Wang et al. (2008) in citrus
sand culture experiment. Their studies suggest that the ratios of
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Evaluating regional mean optimal nitrogen rates in combination with indigenous
nitrogen supply for rice production
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Nitrogen (N) is an essential nutrient that requires careful management in intensive rice systems, since
insufficient amounts might result in yield losses, and excessive application might harm the environment.
However, farmers often tend to apply a large excess of N fertilizer to ensure high rice yields, primarily
because of the absence of reliable methods to estimate optimal N application rates. Therefore, a large-
scale study comprising 514 field experiments for rice was conducted in seven rice regions (totaling
1.253 million ha) in Hubei province, Central China. We (i) evaluated yield responses to different N appli-
cationlevels, (ii) established indigenous soil N supply (INS) classification systems for different rice regions
by identifying and using the preferable predictor of INS, and (iii) determined the optimal N application
Grain yield rates for each region based on regional mean optimal N rates (RMONR) in combination with INS. In all of
N use efficiency the rice regions, rice yields were significantly higher in plots receiving N than in plots without N (termed
Rice no-N plots). The highest yields were obtained in plots receiving medium nitrogen (MN) treatment, where
the average partial factor productivity (PFPy) and agronomic efficiency (AEy) were 50.4 kggrainkg—' N
and 12.5 kg grainkg~' N, respectively. Yield responses of rice to N fertilizer were different among dif-
ferent rice regions because of regional variations in climatic conditions and soil fertility. A significant
positive relationship between grain yield with and without N fertilizer also proved an important effect
of INS on yield response to N fertilizer. On the basis of regression models, relative yields of 90%, 80%, 70%,
60%, and 50% were used as the critical values to obtain INS classifications, which were estimated by the
yield of the no-N treatment but not by alkaline hydrolyzable-N. An obvious increasing trend of economic
optimum N rate (EONR) with decreasing INS (from Class 1 to Class 6) was found for each rice region.
Averaged across all rice regions of Hubei province, EONR was 150 kg ha~", which was lower than the N
application rate for the MN treatment of 171 kgha~'. The results indicated that the N application rate
recommended by local rice technicians could be cut by 12% (1-18% in different rice regions) without any
loss of yield. In conclusion, the recommended N fertilizer application, based on RMONR in combination
with INS, is feasible for regional rice production in China and other countries that have large numbers of
small farmland areas and where agricultural testing equipment is absent or less modern.

© 2012 Elsevier B.V. All rights reserved.

Keywords:

Regional mean optimal N rate
Indigenous soil N supply
Regional assessment

1. Introduction production must be achieved using the same or an even smaller

area of land. This requirement means that appropriate rice produc-

The world population is expected to increase to 9billion by
about the mid-21st century (Godfray et al., 2010); hence, rice
yields must be increased to match rising food demand. Given the
difficulty to expand areas used for rice crops, because of competi-
tion for land from urbanization and other sectors, increase in rice

Abbreviations: AEn, agronomic efficiency; EONR, economic optimum N rate;
EOQY, economic optimum yield; INS, indigenous soil N supply; PFPy, partial factor
productivity; RMONR, regional mean optimal N rate.

* Corresponding author. Tel.: +86 27 87288589; fax: +86 27 87288589.

E-mail addresses: i-happy18@webmail.hzau.edu.cn (W. Wang),

lujianwei@mail.hzau.edu.cn (]. Lu).

0378-4290/3 - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.fcr.2012.08.010

tion practices must be adopted to improve rice yield per unit area
(Fageria, 2007). Among existing production practices, the appli-
cation of nitrogen (N) fertilizer has earned increasing popularity.
Substantial growth in the use of N fertilizer has contributed signif-
icantly to the improvement of crop yields in the world (Cassman
etal., 2003).

The global use of N fertilizer has increased sevenfold between
1960 and 1995, and it is expected to increase another threefold
by 2050, unless there is a substantial increase in fertilizer effi-
ciency (Tilman et al., 2002). As the largest consumer of N fertilizer
in the world, China accounts for about 32% of global N consump-
tion, and approximately 18% of N fertilizer is applied to paddy
rice (Heffer, 2009). Rice yield per-hectare in China is currently 50%
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Effects of modified fertilization technology on the grain yield and nitrogen use
efficiency of midseason rice

Xiangming Zeng?, Baoji Han?, Fangsen Xu?, Jianliang Huang®, Hongmei Cai?, Lei Shi®*

2 Key Laboratory of Arable Land Conservation (Middle and Lower Reaches of Yangtze River), Ministry of Agriculture, Huazhong Agric. Univ., Wuhan 430070, China
b Crop Physiology and Production Center, Huazhong Agric. Univ., Wuhan 430070, China

ARTICLE INFO ABSTRACT

Article history: Local popular midseason varieties of rice were used to study the effects of modified fertilization tech-
Received 29 May 2012 nology on the grain yield and nitrogen (N) use efficiency of midseason rice in central China. Field trials
Received in revised form 8 August 2012 with five N treatments and four replications were conducted in Jingmen County (2008-2009), Honghu
Accepted 9 August 2012

County (2009-2011), and Chibi County (2008-2011) in Hubei Province. The results showed that, relative
to most farmers’ fertilizer practices (FFP), the grainyield of modified farmers’ fertilizer practices (MFP) in
eight out of nine experiments showed an increase in ratio ranging from 0.3% to 16.6% and grain yield of
super-high-yield fertilizer practice (SHY) in six of nine experiments showed an increase in ratio ranging
from 2.4% to 20.9%. Relative to SHY, the grain yield of modified super-high-yield fertilizer practice (MSP)
treatments in seven out of nine experiments showed an increase in ratio ranging from 0.2% to 20.4%. Rela-
tive to FFP, the nitrogen agronomic efficiency (NAE) and nitrogen physiological efficiency (NPE) values of
MFP treatment in eight out of nine experiments showed an increase in ratio ranging from 26.0% to 110.3%
and from 1.3% to 46.1%, respectively. Relative to SHY, the NAE and NPE values of MSP treatment in eight
out of nine experiments showed an increase in ratio ranging from 5.2% to 151.7% and from 7.4% to 82.6%,
respectively. Further analysis showed that the number of panicles in MFP, SHY, and MSP were greater
than in FFP. This was attributable to the ability of the modified fertilizer technology to delay functional
leaf senescence, maintain optimum leaf area index (LAI), an optimize shoot biomass, to a reasonable tiller
number and to a healthy population structure with a high relative amount of productive tiller. This study
may provide technical and theoretical support for simultaneously increasing rice grain yield and nutrient
use efficiency, for optimization of the use of fertilizer by local farmers, and for facilitating sustainable
increases in grain yield.

Keywords:

Midseason rice

Modified farmers’ fertilizer practice
Modified super-high-yield fertilizer
practice

Grain yield

Nitrogen use efficiency

© 2012 Elsevier B.V. All rights reserved.

1. Introduction at the same time reducing the environmental impact of intensive

agriculture (Chen et al., 2011; Vitousek et al., 2009).

China has 31% of the paddy fields in Asia and 19% of paddy fields
on Earth, more than any individual country in the world. It also
ranks among the world's highest in terms of both total rice yield
and unit area rice yield (Shen and Zhang, 2006). This gives China
substantial influence on the stability of world grain preduction. In
the past 60 years, food production has increased through the use
of high-yield crop varieties and modern fertilizers, irrigation, and
pesticides. It is estimated that the world population will reach 9
billion by 2050 (Godfray, 2010). The demand for food will continue
to increase while agriculture fields decrease in size and the envi-
ronment deteriorates. Chinaand other rapidly developing countries
face the dual challenge of substantially increasing grain yields while

* Corresponding author at: No. 1 Shizishan Street, Hongshan District, Wuhan
430070, China. Tel.: +86 27 87286871; fax: +86 27 87280016.
E-mail addresses: leish@mail.hzau.edu.cn, leish1234@gmail.com (L. Shi).

0378-4290/3 - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.fcr.2012.08.012

A 2004 investigation of rice-planting practices in seven
provinces (Jiangsu, Hunan, Zhejiang, Guangdong, Hubei, Hebei, and
Heilongjiang) showed the use of nitrogen (N) in China’s rice fields
to be significantly greater than the world average, with an average
amount of 220 kg hm~2 used for midseason rice (Shen and Zhang,
2006). Among these provinces, the average amount of N-fertilizer
used was the lowest in Heilongjiang Province at 150 kghm~-2 and
the highest in Jiangsu Province at 314 kg hm=2. It was 200 kg hm—2
in Hubei Province. According to Peng et al. (2002a), the aver-
age amount of nitrogen-based fertilizer applied to paddy fields in
Jiangsu Province from 1995 to 2000 was 270.9 kg hm=2. According
to Tang and Rong (2009), in Hunan province from 1994 to 2003,
more than 65% of the paddy fields were fertilized with more than
200 kg hm—2 of N-fertilizer. This indicated a significant increase in
the amount of N fertilizer used in the recent years. It may continue
to increase in the future.

Over-fertilization is the main reason for the low N efficiency
of fertilizers in China. Zhang et al. (2011) analyzed the results of
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Genotypic differences in nitrate uptake, translocation and assimilation
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A hydroponic trial was conducted to investigate genotypic differences in nitrate uptake, translocation
and assimilation between low nitrate accumulator L18 and high accumulator H96 of Chinese cabbage
|Brassica campestris L. ssp. Chinensis (L.)]. The results suggested that H96 could uptake more nitrate than
L18 in the root but lower transport inside leaf cells and assimilation in the leaf. It was showed that root
morphology parameters — length, surface area and volume of H96 were 18.0%, 31.6% and 46.5% higher

Ié;z\ywords: bb. than L18. Nitrate transporters NRT1.1 and NRT2.1 transcription levels were 41.6% and 269.6% higher than
Nj:rn:;E cabbage those of L18 respectively. NRT1.1 and NRT2.1 expression amount in leaf blade of two cultivars were
Uptake opposite to in the root, L18 NRT1.1 and NRT2.1 expressions were 279.2% and 80.0% higher than H96. In
Translocation addition, nitrate assimilation capacity of L18 was significantly higher than H96 in leaf. It was showed that
Assimilation Nitrate Reductase (NR; EC 1.7.1.1) activity and NIA expression level of L18 leaf were 234 0.4% and 105.4%

higher than those of H96, Glutamine Synthetase (GS; EC 6.3.1.2) activity, GIn1 and GIn2 expression levels
in the leaf blade of L18 were 43.9%, 331.5% and 124.8% higher than those of H96 respectively. Nitrate
assimilation products-Glu, total amino acid, soluble protein content in the leaf of L18 were all signifi-
cantly higher than those of H96. The results above suggested that nitrate accumulation differences were
due to differential capacities to uptake, mechanisms for nitrate transport in leaves and assimilate nitrate.
Comparing contribution of three aspects in nitrate accumulation, translocation and assimilation were
contributed more in low nitrate concentration in the leaf blade.

Crown Copyright © 2013 Published by Elsevier Masson SAS. All rights reserved.

1. Introduction among cultivars were due to their differential capacities in

absorbing, reducing and assimilating nitrate [5—7].

High nitrate accumulation in vegetable is harmful to human
health because of the possibility of resulting in gastric cancer,
thyroid cancer and other diseases [1,2]. Vegetables, the major
source of daily nitrate intake by human beings, is responsible for
75—80% of the total intake [3]. Thus reducing nitrate content in
Chinese cabbage can decrease a risk of human illness. Chinese
cabbage [Brassica campestris L. ssp. Chinensis (L.)] was classified as
high nitrate concentration vegetable with nitrate ranging from
1500 to 4000 mg N kg~' [4]. Differences in nitrate accumulation

Abbreviations: N, nitrogen; LATS, low-affinity transport system; HATS, high-af-
finity transport system; NR, nitrate reductase; NRA, nitrate reductase activity; NiR,
nitrite reductase; GS, glutamine synthetase; GSA, glutamine synthetase activity; RT-
PCR, real-time polymerase chain reaction; Glu, glutamic acid; GOGAT, glutamate
synthase.

* Corresponding author. College of Resources and Environment, Huazhong
Agricultural University, Wuhan, China.
E-mail address: hucx@mail.hzau.edu.cn (C. Hu).

Uptake of nitrate in plants are mediated by nitrate transporters
such as NRT1 (Low-affinity transport system, LATS) and NRT2 (High-
affinity transport system, HATS) families [8]. In Arabidopsis, low-
and high-affinity transport systems are mediated primarily by
AtNRT1.1 and AtNRT2.1 [9]. Expression of AtNRT1.1 was induced by
NOj3 in the roots rapidly, and reached a maximum level that was
2.5 times higher than that of the 0 h. This high level of transcription
was sustained from 12 h to 48 h [9]. Further studies indicated that
AtNRT1.1 was a dual-affinity nitrate transporter, its mode of action
being switched by phosphorylation and dephosphorylation of
threonine T101 [10,11]. In seven NRT2 members, AtNRTZ2.1 transcript
abundance in the root was in significant correlation (rz = 0.74) with
HATS activity [9]. Several mutants disrupted for both AtNRT2.1 and
AINRT2.2 genes have lost up to 75% of the high-affinity nitrate
uptake activity [12], with AtNRT2.2 expression pattern marching
the HATS profile only during the first 3 h [9]. Thus, AtINRT2.T appears
to be a more likely candidate for HATS influx. In Chinese cabbage,

0981-9428($ — see front matter Crown Copyright © 2013 Published by Elsevier Masson SAS. All rights reserved.
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Article history: The boron doped cryptomelane prepared by a sol-gel method was employed as photocatalyst for the
Received 8 June 2012 degradation of polyethylene (PE) film under the UV and visible light irradiation. The cryptomelane
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(OMS-2) and boron doped cryptomelane (B-OMS-2) were characterized by X-ray diffraction (XRD), laser
particle size analysis, Fourier transform infrared spectroscopy (FTIR), Raman spectroscopy, X-ray photo-
electron spectroscopy (XPS), UV-vis spectroscopy and porosimeter analysis. The results indicated that
the particle size, crystallinity of the boron doped OMS-2 increase, whilst surface area increase compared

. . to regular OMS-2. FTIR and Raman results suggested that the dopants were dispersed into the framework
Photocatalytic degradation N B ) o : .
Polyethylene film of manganese oxide. The existence of interstitial holn?n in doped cl‘yptomlelaue was confirmed by )fl’S. The
B-doped OMS-2 UV-vis spectra showed that B-OMS-2 sample exhibited greater absorption property than that of OMS-2
Mechanism research sample after boron doping. In order to explore the application of these manganese oxides in environmen-
tal remediation, an attempt has been made for the degradation of polyethylene films using synthesized
particles as catalyst in the form of PE-OMS-2 and PE-B-OMS-2 composite films under the UV-vis light
irradiation. Higher PE weight loss rate and greater texture change could be obtained in the system of
PE-B-OMS-2 composite in comparison with PE and PE-OMS-2 composite film, which indicated that the
B-OMS-2 catalyst made the photodegradation of PE film more effective, and B-OMS-2 showed a higher
catalytic activity than the regular OMS-2 under UV light irradiation. Compared to the UV light irradiation,
no obvious change was detected under the visible light irradiation. Finally, the mechanism of degradation
of composite film was also discussed.
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© 2012 Elsevier B.V. All rights reserved.
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Photocatalytic degradation of atrazine by boron-doped iron oxides under visible light irradiation was investigated. In this work,
boron-doped goethite and hematite were successfully prepared by sol-gel method with trimethylborate as boron precursor, The
powders were characterized by XRD, UV-vis diffuse reflectance spectra, and porosimetry analysis. The results showed that boron
doping could influence the crystal structure, enlarge the BET surface area, improve light absorption ability, and narrow their
band-gap energy. The photocatalytic activity of B-doped iron oxides was evaluated in the degradation of atrazine under the visible
light irradiation, and B-doped iron oxides showed higher atrazine degradation rate than that of pristine iron oxides. Particularly,

B-doped goethite exhibited better photocatalytic activity than B-doped hematite.

1. Introduction

Atrazine, 2-chloro-4-ethylamino-6-isopropylamino- 1,3,5-tri-
azine, has been widely used in the fields of corn, sorghum,
orchard, and forest, controlling broad-leaf and grassy weeds
[1]. However, due to the toxicity to aquatic organisms and
mammals, high mobility, low-sorption affinity, and slow
biodegradability [2, 3], atrazine has been banned by many
European countries. It is frequently detected in ground water
and surface water [4] and seriously influenced water quality.
Therefore, many ways have been found to resolve atrazine
contamination, such as advanced oxidation processes [5],
microorganism removal [6], and microwave irradiation [7].

It has been reported that photocatalysis is effective way in
the degradation of organic pollutants. TiO; is considered to
be the most promising photocatalyst due to its nontoxicity,
chemical inertness, and high reactivity. Parra found that
both suspended and supported TiO, could destroy atrazine
although atrazine could not be completely mineralized
[8]. However, the widespread technological use of TiO; is
impaired by its wide-band gap (3.2¢eV), which can only
be activated under UV light. Iron oxides especially goethite

and hematite have been studied as photocatalysts in recent
years because their lower band gap (2.2 eV), and nonmental
doping could improve reactivity of photocatalysts [9, 10].
It is reported that PE films with boron-doped goethite has
higher photo-induced degradation than pure PE films under
the UV irradiation [11]. In this paper, B-doped goethite
and hematite were prepared as photocatalysts, and enhance-
ment of photocatalytic activity of atrazine degradation was
observed under visible light irradiation.

2. Experimental

2.1. Materials. Fe(NO3)3, (CH30)3B, KOH, methanol were
supplied from Guoyao Chemical Co. (Shanghai, China)
and atrazine was supplied from the Laboratories of Dr.
Ehrenstorfer (Germany). All chemicals were used without
further purification, and deionized water was used in all the
experiments.

2.2. Preparation of Photocatalysts and Characterization. The
original goethite (G-S-B0%) was prepared according to the
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® Background and Aims One of the key targets of breeding programmes in rapeseed (Brassica napus) is to
develop high-yield varieties. However, the lack of available phosphorus (P) in soils seriously limits rapeseed pro-
duction. The aim of this study was to dissect the genetic control of seed yield and yield-related traits in B. napus
grown with contrasting P supplies.

® Methods Two-year field trials were conducted at one site with normal and low P treatments using a population
of 124 recombinant inbred lines derived from a cross between ‘B104-2" and ‘Eyou Changjia’. Seed yield, seed
weight, seed number, pod number, plant height, branch number and P efficiency coefficient (PEC) were inves-
tigated. Quantitative trait locus (QTL) analysis was performed by composite interval mapping.

® Key Results The phenotypic values of most of the tested traits were reduced under the low P conditions. In total,
74 putative QTLs were identified, contributing 7-3—25-4 % of the phenotypic variation. Of these QTLs, 16 (21-6
%) were detected in two seasons and in the mean value of two seasons, and eight QTLs for two traits were con-
served across P levels. Low-P-specific QTLs were clustered on chromosomes A1, A6 and A8. By comparative
mapping between Arabidopsis and B. napus, 161 orthologues of 146 genes involved in Arabidopsis P homeosta-
sis and/or yield-related trait control were associated with 45 QTLs corresponding to 23 chromosomal regions.
Four gene-based markers developed from genes involved in Arabidopsis P homeostasis were mapped to QTL
intervals.

e Conclusions Different genetic determinants were involved in controlling seed yield and yield-related traits in
B. napus under normal and low P conditions. The QTLs detected under reduced P supply may provide useful
information for improving the seed yield of B. napus in soils with low P availability in marker-assisted selection.

Key words: Brassica napus. phosphorus deficiency, phosphorus use efficiency, recombinant inbred line, seed

yield, quantitative trait locus, comparative mapping.

INTRODUCTION

Brassica napus (genome AACC, 2n = 38), which is common-
ly used as food oil for human and animal feed, is the second
most important oilseed crop in the world after soybean. One
of the key targets of breeding programmes in B. napus is to
develop high-yield wvarieties. However, yield is the most
complex trait in crops. It is directly determined by three yield-
component traits (seed weight, pod number and seed number
per pod) and is also indirectly influenced by other yield-related
traits, such as plant height, branch number, and resistance to
biotic and abiotic stresses. Each of these traits is complex
and is quantitatively controlled by several genes. Hence, it is
difficult to accurately evaluate and select for high-yield traits
in conventional breeding programmes, owing to the influence
of the interactions between the environment and the genotype
in all growth and development processes (Quarrie et al.. 2006).

The application of molecular marker techniques for quanti-
tative trait locus (QTL) analysis has proved to be a powerful
genetic approach to dissect complex traits (Paran and Zamir,
2003). Several research groups have associated QTLs with
yield and yield-related traits in B. napus, including plant
height (Mei er al.. 2009). yield and yield components

(Radoev et al., 2008; Fan et al., 2010). and yield and other
complex traits (Quijada er al., 2006; Udall er al., 2006; Chen
et al., 2007: Li et al., 2007; Basunanda et al.. 2010).
Eighty-five QTLs for seed yield along with 785 QTLs for
eight yield-associated traits were identified in ten natural envir-
onments and two related populations of rapeseed by Shi er al.
(2009). More recently, Zhang et al. (2011) performed QTL
mapping for silique traits in a double haploid population
across three seasons and two locations and detected a
number of QTLs with stable effects across environments.
However. the genetic b: and possible candidate genes for
these traits in rapeseed are not well elucidated, and QTL ana-
lysis of seed yield and yield-related traits under abiotic stress
has not been well investigated so far in B. napus.
Phosphorus (P) is an essential macronutrient in plants
(Marschner. 1995). Although the total amount of P in soils
may be high, P is diluted and less available for plants in the
rhizosphere because of its high absorption and low mobility
in soils. A lack of available P in soils seriously limits crop pro-
duction (Vance et al., 2003; Raghothama and Karthikeyan.
2005). P deficiency can be alleviated by the application of in-
organic P fertilizers, but the high P-absorption capacity of the
soils results in a very low P recovery rate in plants. High inputs

(© The Author 2012. Published by Oxford University Press on behalf of the Annals of Botany Company. All rights reserved.
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Abstract The mineral content of plant seeds
depends on both environmental and genetic factors.
The aim of this study was to detect quantitative trait
loci (QTLs). and their candidate genes, for the
accumulation of phosphorus (P), calcium (Ca), mag-
nesium (Mg), zinc (Zn), copper (Cu), iron (Fe), and
manganese (Mn) in seeds of Brassica napus under
normal and low P conditions using an F ;, recombinant
inbred line (RIL) population. Two-year field trials
were conducted to investigate seed mineral accumu-
lation. The results showed a significant decrease in
most of the minerals in the BE RIL population, as well
as in two parental lines, when grown in a low P
environment compared to a normal P environment. In
total, 60 putative QTLs were identified, 33 of which
overlapped with each other in nine genomic regions in
seven linkage groups. Twenty-one of the 60 significant
QTLs co-located with eight seed weight QTLs, and
only five overlapped with three seed yield QTLs.

Electronic supplementary material The online version of
this article (doi:10.1007/s10681-013-0933-z) contains
supplementary material, which is available to authorized users.
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Moreover, only six QTLs for the same minerals were
identified both in normal and low P levels. By
comparative mapping of Arabidopsis and B. napus,
148 orthologs of 97 genes involved in the homeostasis
of the seven minerals in Arabidopsis were associated
with 47 QTLs corresponding to 24 chromosomal
regions. These results offer insight into the genetic
basis of mineral accumulation across different P
conditions in seeds of B. napus and allow the potential
utilization of QTLs in biofortification.

Keywords Brassica napus - Seed mineral
accumulation - Phosphorus deprivation -
Quantitative trait loci - Candidate gene

Introduction

Phosphorus (P) is one of the essential macronutrients
for plants and is also likely the most limiting mineral
nutrient for plants (Raghothama 1999). Multiple
factors contribute to P limitation in soils. One is that
a large fraction of soil P is held very tightly to the
surface of soil particles or is fixed as organic P
compounds and is therefore relatively unavailable for
assimilation by plant roots (Kochian 2012). Hence,
many soils are low in available P, including approx-
imately half of the world’s agricultural lands (Lynch
2011). Low phytoavailability of P leads to a severe
obstruction of plant growth and development by
affecting many physiological and biochemical
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Abstract Brassica napus (Brassicaceae) is among
the most important oil crops and a promising biofuel.
In the tropics and subtropics, boron (B) deficiency is a
major factor limiting Brassica yields. The effect of B
on the regulation of root and shoot growth in a doubled
haploid (DH) population was evaluated in experiments
that utilized hydroponic culture. Strong genetic var-
iability for traits of interest at normal and low B
concentrations was demonstrated. Quantitative trait
loci (QTL) were analyzed for seven plant growth
parameters: increment of primary root length (IPRL),
shoot dry weight (SDW), root dry weight (RDW), ratio
of RDW to SDW (R/S), shoot B accumulation (SBA),
root B accumulation (RBA), and ratio of RBA to SBA
[(R/S)BA] in the population. Twenty-seven QTL were
detected at normal B levels: four for IPRL, seven for
SDW, three for RDW, two for R/S, six for SBA, two
for RBA, and three for (R/S)BA. At low B, 18 QTL
were detected: four for [PRL, three for SDW, two for
RDW, two for R/S, five for SBA, one for RBA, and
one for (R/S)BA. Three QTL for adaptability were
detected: one A_IPRL and two A_SDW. No putative
QTL was detected at both low and normal B. B-related
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Huazhong Agricultural University. Wuhan 430070, China
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genes were mapped in silico and their locations
compared with the QTL identified. The present
analyses show the profound and varied effects of B
on B. napus and studies on QTL related to B efficiency
will help to locate candidate genes and elucidate
possible functions of B-efficiency-related QTL.

Keywords Brassica napus - Boron efficiency -
QTL - Shoot and root growth - Candidate genes

Introduction

Boron (B) is an essential micronutrient for plants and
its importance in plant growth and development has
been well known for over eight decades (Warington
1923). Boron is essential for the crosslinking of pectic
polysaccharides through the formation of boratediol
bonds between two rhamnogalacturonan II (RG-II)
molecules (Ishii and Matsunaga 1996; Kobayashi et al.
1996; O’ Neill et al. 1996). This crosslinking is critical
to maintaining the structure and function of plant cell
walls (O’Neill et al. 2004). Additional studies have
indicated that borate-crosslinked RG-II is essential for
the development and function of male and female
plant tissues (Iwai et al. 2006; O’Neill et al. 2001).
However, most plant species cannot retranslocate B
efficiently, and thus require a continuous supply of B
throughout their life.
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Abstract Six full-length ¢cDNA encoding boron trans-
porters (BOR) were isolated from Brassica napus (AACC)
by rapid amplification of ¢cDNA ends (RACE). The phy-
logenic analysis revealed that the six BORs were the
orthologues of AtBOR!, which formed companying with
the triplication and allotetra-ploidization process of B.
napus, and were divided into three groups in B. napus.
Each group was comprised of two members, one of which
was originated from Brassica rapa (AA) and the other from
Brassica oleracea (CC). Based on the phylogenetic rela-
tionships, the six genes were named as BnBORI:la,
BnBORI:1¢c. BnBORI:2a, BnBORI;2¢. BnBORI:3a and
BnBORI;3c, respectively. The deduced BnBORI s had
extensive similarity with other plant BORs, with the iden-
tity of 74-96.8% in amino acid sequence. The BnBORI;3a
and BnBORI;3c resembled AtBOR/ in number and posi-
tions of the 11 introns, but the others only have 9 introns.
After the gene duplication, there was evidence of purifying
selection under a divergent selective pressure. The expres-
sion patterns of the six BnBOR! s were detected by semi-
quantitative RT-PCR. The BnBORI;3a and BnBORI;3c
showed a ubiquitous expression in all of the investigated
tissues, whereas the other four genes showed similar tissue-
specific expression profile. Unlike the non-transcriptional

Electronic supplementary material The online version of this
article (doi:10.1007/s11033-011-0930-z) contains supplementary
material, which is available to authorized users.
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regulation of ArBORI, the expression of BnBORI:Ic¢ and
BnBORI;2a were obviously induced by boron deficiency.
This study suggested that the BORI s had undergone a
divergent expression pattern in the genome of B. napus after
that the B. napus diverged from Arabidopsis thaliana.

Keywords
Phylogenetic analysis -

Boron transporter - Brassica napus -
Gene expression profile -
Purifying selection

Abbreviations

B Boron

MIPs Major intrinsic proteins

RACE Rapid amplification of cDNA ends

MYA Million years ago

CDS Coding sequence

PCR Polymerase chain reactions

RT-PCR Reverse transcription polymerase
chain reactions

LRT Likelihood ratio test

TR Two ration model
HWSB Hot water-soluble boron

Introduction

Boron (B) is an essential microelement for higher plants [1].
and the new evidences suggested that B is also essential or
beneficial for several animals, including humans [2]. Most
of B is localized in cell wall of plants, which plays an
important function for the maintenance of cell wall integrity
by its cross-linking with rhamnogalacturonan II (RG-II) in
pectins [3-6]. The B requirement of plants is low but
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Abstract

Aims A pot experiment was conducted to determine
the effects of molybdenum on antioxidative defense
and osmotic-adjustment systems of Chinese cabbage
under salt stress.

Methods Molybdenum fertilizer was applied at three
levels (0, 0.15, 0.3 mg kgfl). Ten days after sowing,
500 ml 136.8 mM of NaCl solution was added to half
of the plants for each treatment every 10th day for
three consecutive times.

Results The results revealed that with the applica-
tion of molybdenum in Chinese cabbage under salt
stress the fresh weight significantly increased; ac-
tivities of antioxidant enzymes such as superoxide
dismutase (SOD), peroxidase (POD) and catalase
(CAT) were dramatically improved; the contents of
non-enzymatic antioxidants such as glutathione
(GSH), carotenoid (CAR) and ascorbic acid
(ASA) were significantly increased. There was also
an significant increase in low molecular osmotic-
adjustment products such as soluble sugar, soluble
protein and proline. Morcover, molybdenum signif-
icantly increased potassium ion (K') content and

Responsible Editor: Timothy J. Flowers.
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reduced sodium ion (Na") contents, which eventu-
ally improved the K™/Na™ ratios.

Conclusions The present study suggests that the ap-
plication of molybdenum enhances the salt stress tol-
crance in Chinese cabbage by increasing the capacity
to eliminate active oxygen and the ability of osmotic-
adjustment.

Keywords Molybdenum - Antioxidant - Osmotic-
adjustment - Salt stress - Chinese cabbage (Brassica
campestris L. ssp. Pekinensis)

Abbreviations

Mo Molybdenum

SOD  Superoxide dismutase
POD  Peroxidase

CAT Catalase

ASA  Ascorbate

GSH  Reduced glutathione
CAR Carotene

Introduction

Molybdenum (Mo) is a component of nitrate reductase
and nitrogenase which are involved in nitrogen me-
tabolism of plants (Mulder 1948), and Mo is also
involved in phosphorus and sulphur metabolism
(Mendel and Hansch 2002; Liu et al. 2010). In addi-
tion, Mo also plays an important role in resisting
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Abstract

Background and aims Cytokinins are known to nega-
tively regulate plant root development and phosphorus (P)
starvation responses. In this study, two Brassica napus
root mutants insensitive to exogenous cytokinin, prf/ (a
mutant with an elongated primary root) and /rn/ (a mutant
with more lateral roots), were identified and used to
evaluate P efficiency, alongside wild type (WT) plants.
Methods Solution and pot culture, RNA isolation, RT-
PCR were used.

Results Irnl produced the highest shoot dry weight
(SDW) and root dry weight (RDW) among the three
genotypes at both low P (LP) and high P (HP) con-
ditions. priI had higher SDW at both P conditions, and
higher RDW at LP, in contrast to WT plants. /rni not
only accumulated more P from the culture medium but
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utilized it effectively in shoot growth, whilst pr/! just
showed higher P use efficiency compared to WT at LP.
Trans-zeatin riboside (tZR) and isopentenyl adenosine
(iPA) concentration in /rnl roots were both signifi-
cantly lower than that in WT roots at both P con-
ditions. Root iPA concentration in pril was lower
than that in WT under both P conditions, however,
root tZR concentration was greater in pr/{ than WT
under LP condition. Transcription of the P starva-
tion induced genes BnSPX3;l and BnSPX3:2 were
up-regulated in the roots of mutants under both P
conditions.

Conclusions These results suggested that an improved
root system might be associated with the reduced
cytokinin concentration and lead to a significant
increase in acquisition and utilization of P nutrient
for Irnl.

Keywords Brassica napus - Cytokinin - pril - lrni -
Phosphorus efficiency

Introduction

Phosphorus (P) is one of the least available macro-
nutrients in the soil, due to very low availability and/or
accessibility (Holford 1997). To overcome P deficien-
cy, plants have evolved a number of developmental
and metabolic responses to increase phosphate (Pi)
availability in soils, such as regulation of root devel-
opment (Lopez-Bucio et al. 2002; Williamson et al.
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Abstract

Background and Aims In China, boron (B) deficiency is
frequently observed in citrus orchards, and is responsi-
ble for considerable loss of productivity and quality. A
better understanding of B distribution and remobiliza-
tion within orange plants is important for developing
programs in rational fertilization and effective mitiga-
tion of B-deficiency. In the present study (1) the distri-
bution of newly absorbed B and (ii) the translocation of
foliar-applied B in ‘Newhall’ navel orange grafied on
citrange and trifoliate orange was investigated.
Methods '°B was applied in the nutrient solution or
sprayed on the lower-old leaves of both grafted plants
for 35 days.

Results In the '°B uptake experiment, citrange-grafted
plants showed higher newly acquired total B content
and B concentration in both lower-old and upper-old
leaves than those in trifoliate-orange-grafted plants.
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The newly absorbed B in the new leaves was much
higher than that in the lower-old leaves and the upper-
old leaves in both grafted plants. Foliar application of
198 10 the lower-old leaves resulted in B translocation
to the upper-old leaves and the new leaves with pref-
erence mainly to the new leaves in both citrange and
trifoliate orange when root B supply was relatively
low. However, 'B sprayed to the lower-old leaves
not only did not increase the abundance percentage
of '°B in the root, but also reduced B concentration
and the total B content in the root.

Conclusions The results suggest that foliar-applied B
can be translocated within both grafted plants, which
might also depress B uptake from root medium with
low B supply. Rootstock can affect the B distribution
in old leaves in navel orange, and newly absorbed B
was preferentially transported to the new leaves.

Keywords Boron distribution - Translocation -
1% isotope - Citrange - Trifoliate orange

Introduction

Boron (B) is an essential micronutrient element for
growth and development of higher plants (Loomis and
Durst 1992). It plays important roles in stability of cell
walls (Matoh 1997) and cellular activities (Cakmak and
R&mbheld 1997). B deficiency in plants may restrain root
clongation by limiting cell enlargement and cell division
in the growing zone of root tips, and possibly impede
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Abstract

Background and aims Low phosphorus (P) bioavail-
ability and aluminum (Al) toxicity are two major con-
straints to plant growth in acid soil. To improve the
tolerance of Brassica napus to Al toxicity and P defi-
ciency, we generated transgenic canola (Brassica
napus cv Westar) lines overexpressing a Pseudomonas
aeruginosa citrate synthase (CS) gene and then inves-
tigated the effects of CS gene overexpressing in canola
on enhancing tolerance to the two constraints.
Methods The vector construction and plant transfor-
mation, molecular identification, estimation of extra-
cellular and cellular citrate and malate concentrations,
enzyme activity and gene expression analyse and Al
tolerance and P acquisition assays were conducted
using both hydroponics and soil culturing in the study.
Results Both the root citrate and malate concentrations
and their exudations in the two transgenic lines signif-
icantly increased compared with wild type (WT) fol-
lowing exposure to Al. These increases may be
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attributed to higher activities of the CS, malate dehy-
drogenase (MDH) and phosphoenolpyruvate carbox-
ylase (PEPC) enzymes in the TCA cycle and the
expression of BnALMT and BnMATE in the transgenic
plants following Al exposure. The primary root elon-
gation and prolonged Al treatment (10 days) experi-
ments revealed that the transgenic lines displayed
enhanced levels of Al tolerance. In addition, they
showed enhanced citrate and malate exudation when
grown in P-deficient conditions. Moreover, the en-
zyme activities of the transgenic lines were signifi-
cantly higher compared with WT in response to P-
deficient stress. The soil culture experiment showed
that the transgenic lines possessed improved P uptake
from the soil and accumulated more P in their shoots
and seeds when FePO,4 was used as the sole P source.
Conclusions These results indicate that the overex-
pression of the CS gene in B. napus not only leads to
increased citrate synthesis and exudation but also
changes malate metabolism, which confers improved
tolerances to Al toxicity and P deficiency in the trans-
genic plants. These findings provide further insight
into the dual effects of CS gene overexpression on
Al toxicity and P deficiency in plants.

Keywords Citrate synthase - Brassica napus - Citrate
overproduction - Malate - Al tolerance - P deficiency
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358 Cauliflower mosaic virus 358 promoter
CS Citrate synthase
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Abstract

Aims Variation in boron (B) efficiency in citrus in dif-
ferent rootstock genotypes is expressed as large differ-
ences in the occurrence of leaf symptoms and dry mass
production under low B conditions, but the mechanisms
responsible for such differences are unknown. This pa-
per aims to determine whether differences in B uptake,
cellular B allocation, and pectin content can explain
genotype differences in B efficiency between B-
efficient citrange (Citrus sinensis (L.) Osb. x Poncirus
trifoliata (L.) Raf.) and B-inefficient trifoliate orange
(Poncirus trifoliata (L.) Raf)) citrus rootstock.
Methods Plants were grown hydroponically in a nutri-
ent solution supplemented with 5 uAf B for 14 days and
then transferred to a B-free medium (0 wM B) or control
medium (5 uM B) for 35 days. Boron uptake and
allocation and cell wall pectin contents were examined.
Results After 35 days under B deprivation, shoot dry
mass in trifoliate orange decreased by 28 %, but shoot
dry mass of citrange was not significantly affected.
Root growth of both types of rootstock seedlings was
inhibited, but the trifoliate orange was affected more
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than the citrange. In comparison with B concentrations
in plants prior to the commencement of B treatments,
B deprivation for 35 days decreased B concentration
in various parts of citrange plants, and the reduction
was much greater in trifoliate orange plants. Trifoliate
orange seedlings contained higher B concentration and
total B in cell wall on a dry leaf basis than citrange
subject to 5 uM B treatment. However, the proportion
of leaf B allocated in cell wall was higher in citrange
than trifoliate orange when B supply was deficient in
the nutrient. The changes in pectin composition in cell
wall due to B deprivation differed between citrange
and trifoliate orange. The decreased uronic acid (UA)
content in the Na,COs-soluble pectin was observed in
both rootstock, but the increased UA content in
CDTA-soluble pectin was observed only in citrange.
Conclusions These results demonstrated that a combi-
nation of greater B uptake ability, greater B accumu-
lation in cell walls, as well as the increased CDTA-
soluble pectin, under limited external B supply, con-
tribute to the integrity of cell walls in citrange and
therefore increased tolerance to B deficiency.

Keywords B deficiency - Efficiency - Cell wall - Citrus
rootstock
Introduction

Boron (B) is an essential micronutrient element for
growth and development of higher plants (Loomis and
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Abstract

Background and aims Brassica napus has high boron
(B) demand, but significant genotype differences exist
with respect to B deficiency. The aim of this research
was to elucidate the relationship between the different
sensitivities of Brassica napus cultivars to low B
stress and the characteristics of B uptake and transport
to characterise the regulation of B efficiency in
Brassica napus.

Methods B-cefficient and B-inefficient Brassica napus
cultivars were used to compare the uptake and trans-
port of B using the stable isotope "B tracer and
grafting experiments, as well as expression of B trans-
porters by RT-PCR.

Results B-efficient cultivars have significant advan-
tages with regard to B limitation. The B-efficient
cultivar HZ showed less severe B deficiency symp-
toms and higher dry biomass than the B-inefficient
cultivars LW and LB. Both the amount of total B and
the "B concentration and accumulation in the shoots
and roots of B-efficient HZ were higher than those of
B-inefficient cultivars. In B-inefficient LW, the amount
of total B and the '°B that was transported into shoots was
less than in the other three cultivars and the content and

Responsible Editor: Robert Reid.

L. Yang - Q. Zhang - J. Dou - L. Li - L. Guo - L. Shi -

F. Xu ()

National Key Laboratory of Crop Genetic Improvement,
and Microelement Research Center,

Huazhong Agricultural University,

Wuhan 430070, China

e-mail: fangsenxu(@mail.hzau.ecdu.cn

accumulation of total B and !°B in the roots of B-
inefficient LB were the lowest among all of the cultivars.
When the roots of B-efficient HZ were used as stocks, the
grafted plants showed B-efficient characteristics, such as
mild B deficiency symptoms, and higher dry biomass and
B accumulation, regardless of whether they originated
from B-efficient or B-inefficient cultivars. In contrast,
the grafted plants with B-inefficient LW used as stocks
were B-inefficient. The expressions of BnBORI; Ic,
BnBORI;2a and BnNIP3;1 were up-regulated in roots
under low B stress compared with the normal B condi-
tion. However, there was no obvious difference in the
expressions of the three genes or of four other BnBORIs
between B-efficient and B-inefficient cultivars in low or
normal B environments.

Conclusions These results indicate that the B efficien-
cy of Brassica napus is controlled primarily by roots,
which allow more uptake and accumulation of B in B-
cfficient cultivars than B-inefficient cultivars in a low
B environment. However the molecular mechanism
regulating B efficiency in Brassica napus remains to
be determined.

Keywords Brassica napus - Uptake - Transport -
Boron efficiency - Graft - Gene expression
Introduction

Boron (B), an essential element for plant growth and

development (Warington 1923), plays a crucial role in
various biochemical and physiological processes, such
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Abstract Mucilage can strongly bind Al in the rhizo-

sphere. Although there are still debates about the role of

mucilage in protection of the root apex from Al toxicity,
we considered that it might be associated with the char-
acteristics of Al adsorption in mucilage. When the muci-
lage was kept intact, the accumulation of Al and induction
of callose in root tips of pea (Pisum sativum) remained
lower: thus root elongation was less inhibited than when
mucilage was removed under Al exposure in mist culture.
Size exclusion chromatography showed both a high and a
low molecular weight polysaccharide fraction from root
mucilage. Aluminum was predominately detected in high
molecular weight polysaccharides, which strongly bound
cations. The results indicate that the persistence of muci-
lage does protect the root apex from Al toxicity by
immobilizing Al in high molecular weight polysaccharides.

Keywords Pea (Pisum sativum) - Al immobilization -
High molecular weight polysaccharides
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Introduction

Aluminum toxicity is a worldwide problem in acid soils
(Kochian 1995; Moffat 1999). An early symptom of Al
toxicity 1s the limitation of cell expansion as well as the
inhibition of root elongation (Matsumoto 2000; Ma et al.
2001; Kochian et al. 2004: Horst et al. 2010). Generally.
the root apex is surrounded by a number of root border
cells and series of exudates mainly classified as low and
high molecular weight compounds that function as the
protective biological, physical and chemical interface
between root tips and rhizosphere (Hawes et al. 1998:
Walker et al. 2003; Wen et al. 2007). In legumes, the
production of thousands of root border cells effectively
protects the root apex from Al toxicity (Hawes et al. 2000:
Brigham et al. 2001: Miyasaka and Hawes 2001; Li et al.
2000: Yu et al. 2009: Cai et al. 2011). Organic acids, the
important low molecular-weight exudates, detoxify root
AI** into non-toxic stable Al complexes (Pellet et al. 1995:
Ma et al. 2001). Mucilage is the high molecular weight
exudate from root tips that lubricates soil particles
and affects soil aggregate stability, thus reducing soil
mechanical impedance for root elongation (Baluska et al.
1996; Traoré et al. 2000; Knee et al. 2001; Nagahashi and
Douds 2004; Tijima et al. 2004; Somasundaram et al. 2008),
confining rhizosphere microbial population and resisting
pathogens (Hawes et al. 2000: Mounier et al. 2004: Wen
et al. 2007). It also immobilizes toxic metal ions in the
rhizosphere (Horst et al. 1982: Ryan et al. 1993: Archa-
mbault et al. 1996; Li et al. 2000; Kinraide et al. 2005:
Watanabe et al. 2008). Thus, it has been hypothesized that
mucilage could protect root apices from Al toxicity by
immobilizing rhizosphere AP*. However, there are still
debates about the role of mucilage in Al toxicity (Horst
et al. 1982: Ryan et al. 1993: Archambault et al. 1996:
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Posner’s cluster revisited: direct imaging of nucleation and growth of
nanoscale calcium phosphate clusters at the calcite-water interface

Lijun Wang,** Shiyan Li,* Encarnacién Ruiz-Agudo,” Christine V. Putnis*‘ and Andrew Putnis®

Receeived 2nd May 2012, Accepted 2nd July 2012
DOI: 10.1039/c2ce25669§

Although many in vitro studies have looked at calcium phosphate (Ca-P) mineralization, they have
not emphasized the carliest events and the pathway of crystallization from solvated ions to the final

apatitic mineral phase. Only recently has it become possible to unravel experimentally the processes of
Ca-P formation through a cluster-growth model. Here we use mineral replacement reactions by the
interaction of phosphate-bearing solutions with calcite surfaces in a fluid cell of an atomic force
microscope (AFM) and reveal that the mineral surface-induced formation of an apatitic phase
proceeds through the nucleation and aggregation of nanosized clusters with dimensions similar to
those of Posner’s clusters, which subsequently form stable amorphous calcium phosphate (ACP)

plates prior to the transformation to the final crystalline phase. Our direct AFM observations provide
evidence for the existence of stable Posner’s clusters even though no organic template is applied.

Introduction

During the synthesis of hydroxyapatite (HAP) crystals through
the interaction of calcium and phosphate ions in neutral to basic
solutions, a precursor amorphous calcium phosphate phase
(ACP) is formed that is structurally and chemically distinct from
HAP.'? For the formation pathway of Ca-P phases in solutions
or on surfaces, a cluster-growth model has been proposed and
debated for decades.’ The constancy in their chemical composi-
tion over a relatively wide range of chemical preparation
conditions and chemical analysis of the precursor phase
indicated that this noncrystalline phase is a hydrated calcium
phosphate (Cas(POy),'xH,0) with a Ca/P ratio of 1.50,
consisting of roughly spherical Cag(POy)s so-called “Posner’s
clusters”™ (PC) close-packed to form larger spherical particles
with water in the interstices.® Simulations of the peak distribu-
tion have been made regarding the particle size of Ca—P clusters
and their prevalence confirmed that particles ranging in size from
0.8 to 1.0 nm are likely to exist as clusters in simulated body
fluid* Ca—P clusters, from which HAP crystals can be
constituted, must form in solutions as HAP grows.4 However,
such nanometer-sized clusters as building blocks for ACP and
subsequent transformation to HAP are difficult to visualize

directly. Very recently, Dey ef al. used a Langmuir monolayer of

arachidic acid to mimic biological Ca—P mincralization, and they
observed clusters with an average diameter of 0.87 + 0.2 nm
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during the carliest stages of nucleation using high-resolution
cryogenic transmission electron microscopy (HR-cryoTEM).®
Despite the significance of this study, the formation pathway of
Ca-P phases in the absence of organic templates has never been
directly observed, and thus the role of nanosized clusters formed
on mineral surfaces and their connection to larger aggregates
remain largely unknown.

Recently. it has been shown that solvent-mediated mincral
replacement reactions involve an interface-coupled mechanism
of the dissolution of a solid in an aquecous fluid and the
subsequent precipitation of a new. thermodynamically more
stable solid phase that replaces the parent solid.®” Using this
novel strategy of re-equilibration of solids in the presence of a
fluid phase, various Ca-P materials have been formed by the
replacement of different calcium carbonate polymorphs.®? In
this work, we follow the carliest stages of the formation of Ca—P
phases resulting from the interaction of phosphate-bearing
solutions with a calcite surface in a fluid cell of an atomic force
microscope (AFM), without the support of an organic template,
by adjusting the concentration of (NH,),HPO, solutions to
control the nucleation rates. We observe that the formation of
Ca-P phases assisted by calcite surfaces is initiated by the
aggregation of clusters that leads to the formation of ACP,
which finally transforms into crystalline HAP.

Experimental

In situ dissolution experiments were performed using a Digital
Instruments Nanoscope I1Ta AFM working in contact mode. The
scanning frequency was ca. 3 Hz with an average scan time 1.5 min
per scan. Iceland Spar fragments (ca. 3 x 3 x 1 mm in size) were
freshly cleaved before cach dissolution experiment, and {1014}
calcite surfaces were exposed to the solutions in an O-ring-sealed

6252 | CrystEngComm, 2012, 14, 6252-6256
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Phosphorylated osteopontin peptides inhibit crystallization by resisting the
aggregation of calcium phosphate nanoparticles

Shiyan Li and Lijun Wang*
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Under near-physiological pH and ionic strength, the role of a 14 amino acid segment of osteopontin
(OPN) in inhibiting hydroxyapatite (HAP) nucleation and growth was kinetically examined by

measuring the induction time via pH monitoring. The phosphorylated 14-mer OPN peptide segments
(PP) significantly inhibit nucleation of HAP by markedly increasing induction times with an increase
in the number of phosphorylation sites at their lower concentrations (<156 nM). The presence of
phosphate groups in OPN peptides not only enhances the stability of the calcium phosphate (Ca-P)
nanoparticles and limits their aggregation, but also inhibits the phase transformation from
amorphous calcium phosphate (ACP) to the final crystalline phases. The extent of phosphorylation of

OPN peptides is important to its protective roles in inhibiting crystallization by resisting the
aggregation of Ca-P nanoparticles at a given concentration range. The nonphosphorylated peptide
segment (NPP) had relatively little effect on induction times at concentrations lower than 156 nM,
whereas at a higher concentration (234 nM), the effect of NPP in inhibiting HAP nucleation was

enhanced. These results clearly showed that OPN inhibits HAP crystallization by prolonging
induction times and delaying subsequent growth in a phosphorylation and/or concentration-

dependent manner.

Introduction

In addition to calcium oxalate (CaQy), which is the dominant
constituent of calcium stones, small quantities of calcium
phosphate (Ca-P) are surprisingly common, at least in renal and
ureteral stones." More than 50% of CaOQy stones contain variable
amounts of phosphate, usually brushite (CaHPO42H,0, DCPD)
and hydroxyapatite (Caio(PO4)s(OH)>, HAP), in a “nuclear”
location.? Studies on renal stone development in a mixed oxalate-
phosphate system have shown that brushite dissolution provides
calcium ions that raise the calcium oxalate mononydrate
(CaC,04-H,0, COM) supersaturation, which is heterogeneously
nucleated either on or near the surface of the dissolving Ca—P
cryslals.3 Recent findings showed that elevated Ca and P have
direct and synergistic effects on vascular smooth muscle cells
(VSMCs). which promote vascular Ca—P mineralization in chronic
kidney disease.* Osteopontin (OPN) proteins present in urine and
in a prototype of the aspartic acid (D)-rich proteins (AARP)® have

been shown to be phosphorylated in vivo by a combination of

sequence analysis of S-ethyleysteine-derivitized peptides and mass
spectroscopy.® OPN molecules have also been identified as an
inhibitory molecule against kidney stones in vivo.”

In vitro experimental results have previously shown that OPN
inhibits the formation of COM in a phosphorylation-dependent
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manner, and that OPN activity requires phosphate and
carboxylate groups, possibly including the conserved sequence
of aspartic acid residues.® Our recent studies have shown that a
14 amino acid segment, with highly conserved aspartic acid
residues (DDVDDTDDSHQSDE) from 93 to 106 of the full-
length OPN sequence with two phosphorylation serine sites,
significantly inhibits both the nucleation and growth of COM.”
However, the phosphorylation-deficient form of this segment
fails to inhibit COM crystal nucleation and growth.9 In addition
to two highly conserved serine sites, this region of OPN peptide
segment also contains a threonine (T) that can be post-
translationally modified.

Phosphorylation of full-length OPN molecules might also
have a functional role in Ca—P nucleation and growth. Decreased
inhibition of HAP crystal growth was observed following
dephosphorylation of OPN.’%!" Although OPN inhibits several
aspects of Ca—P crystallization, quantitative studies of bulk Ca—
P crystallization, especially at the earliest nucleation stages,
remain limited. Thus, we synthesized 14-mer OPN peptide
segments with different degrees of phosphorylation (up to three
phosphorylation sites) and examined the roles of phosphoryla-
tion in modulating in vitro Ca—P crystallization at the carliest
nucleation stages under near-physiological pH (7.40) and ionic
strength (0.15 M). In addition, a newly developed method for
monitoring Ca—P crystallization kinetics provides reproducible
induction times, and the results show that the highly phosphory-
lated14-mer OPN peptide segments could kinetically stabilize

This journal is © The Royal Society of Chemistry 2012
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ABSTRACT: Unraveling the kinetics of calcium orthophos-
phate (Ca—P) precipitation and dissolution is important for
our understanding of the transformation and mobility of
dissolved phosphate species in soils. Here we use an in situ
atomic force microscopy (AFM) coupled with a fluid reaction
cell to study the interaction of phosphate-bearing solutions
with calcite surfaces. We observe that the mineral surface-
induced formation of Ca—P phases is initiated with the aggregation of clusters leading to the nucleation and subsequent growth
of Ca—P phases on calcite, at various pH values and ionic strengths relevant to soil solution conditions. A significant decrease in
the dissolved phosphate concentration occurs due to the promoted nucleation of Ca—P phases on calcite surfaces at elevated
phosphate concentrations and more significantly at high salt concentrations. Also, kinetic data analyses show that low
concentrations of citrate caused an increase in the nucleation rate of Ca—P phases. However, at higher concentrations of citrate,
nucleation acceleration was reversed with much longer induction times to form Ca—P nudlei. These results demonstrate that the
nucleation-modifying properties of small organic molecules may be scaled up to analyze Ca—P dissolution—precipitation
processes that are mediated by a more complex soil environment. This in situ observation, albeit preliminary, may contribute to
an improved understanding of the fate of dissolved phosphate species in diverse soil systems.

B INTRODUCTION soluble P concentration under P deficient conditions.®’
Moreover, alkaline soils, subjected to long-term organic
additives, have been shown to accumulate substantial quantities
of P in plant-available forms,*® and the sorption capacities of
soils for P are reduced by organic additives.'® Despite much
evidence, understanding the chemical nature of organic
molecules, especially low molecular weight organic acids and
their influences on P mobility in soil solutions, remains limited.

Calcite is a common mineral and constituent of sediments
and pholslphate can both adsorb on and desorb from calcite

Phosphorus (P) is an essential nutrient required for plant
growth and it is also defined as ‘the disappearing nutrient’ due,
in part, to the potential shortage of phosphate rock resources
and a faster growth in demand for phosphate-based fertilizers."
Calcium orthophosphate (Ca—P) is the most ubiquitous form
of P among the geological phosphate-bearing minerals.?
Various components, structures, crystal phases, and hydration
states of phosphates are present in soils as a result of P fertilizer

application. Precipitation of soluble P in soil solutions and/or
on mineral surfaces involves the formation of metastable surfaces.”” Thus, calcite can serve as both a source and sink of

intermediate precursor phases such as amorphous Ca—P phosphate in alkaline soils, thereby influencing the fate of
(ACP) and brushite (DCPD) followed by the transformation phosphate. The interactions between soluble orthophosphates

to the least soluble, hydroxyapatite (Cao(PO,)s(OH),, HAP), and calcite have been exte;{xsively studied, both as a novel
method of apatite synthesis = and also because of the frequent

occurrence of soil systems rich in calcite and the dominant
effect of calcite on phosphate solubility."® It is evident that
surface adsorption/reaction and subsequent precipitation are
major mechanisms of P immobilization (precipitation) in

as the thermodynamically stable phase of the final product in
neutral to alkaline environments.®> P present as HAP, as well as
other solid phases including octacalcium phosphate (OCP) and
tricalcium phosphate (TCP), is much less bioavailable to plant
uptake than dissolved P species." The recognition that total soil
P concentration is a poor predictor of the P bioavailability has

led to extensive research on chemical speciation of P in soils Received:  August 21, 2011
with the emphasis on predicting its bioavailab]’lity.5 Revised: ~ November 30, 2011
It is well established that citrate is the dominant carboxylate- Accepted: December §, 2011
bearing organic molecule released by plant roots to enhance the Published: December 5, 2011

W ACS Publications  © 2011 American Chemical Society 834 dx.doi.org/10.1021/es202924f | Environ. Sci. Technol. 2012, 46, 834842
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ABSTRACT

Soil arsenic (As) levels are particularly high in parts of China, where wheat and rape are widely grown. Understand-
ing the effects of As concentration on the growth of these two major crops is of significance for food production
and security in China. A pot experiment was carried out to study the uptake of As and phosphorus (P), and the
soil As bioavailability at different growth stages of wheat and rape. The results indicated that winter wheat was
much more sensitive to As stress than rape. Wheat yields were elevated at low rates of As addition (< 60 mg/kg) but
reduced at high rates of As concentrations (80-100 mg/kg); while the growth of rape hadn’t showed significant re-
sponses to As addition. Phosphorus concentrations in wheat at jointing and ear sprouting stages increased with in-
creasing soil As concentrations, and these increases were assumed to contribute a lot to enhanced growth of wheat
at low As treatments. Arsenic did not significantly affect P concentrations in rape either. The highest As concentra-
tions in wheat shoot and rape leaf were 8.31 and 3.63 mg/kg, respectively. Arsenic concentrations in wheat and rape
grains did not exceed the maximum permissible limit for food stuffs of 1.0 mg/kg. When soil As concentration was
less than 60 mg/kg, both wheat and rape could grow satisfactorily without adverse effects; when soil As concentra-
tion was 80—-100 mg/kg, rape was more suitable to be planted than wheat.

Keywords: arsenic; stimulation; phytotoxicity; phosphorus

Arsenic is a toxic element widely encountered
in the environment and in organisms. Arsenic can
enter terrestrial and aquatic environments through
both natural formation and anthropogenic activi-
ties (Tu and Ma 2003).

Persistence of arsenic within soil and its toxicity
to plants and animals is of concern. Long-term
exposure to low concentrations of As can lead to
skin, bladder, lung, and prostate cancer. Non-cancer
effects of ingesting As at low levels include car-
diovascular disease, diabetes, and anemia (Zhang
etal. 2002). There are a number of ways by which
people can become exposed to As. The most im-
portant one is probably through ingestion of As
in drinking water or food (Le et al. 2000). In some
areas of Hubei, Shanxi, Yunnan, and Hunan prov-
inces of China, soil As concentrations were much

higher compared with other provinces because of
coal fuels and metal smelters. For example, fourty
hectares of agricultural soil was polluted in Hunan
province due to irrigation of As-contaminated
water by local farmers (Liao et al. 2004). In 1995,
Chinese government constituted the environmental
quality standard for soils (GB15618-1995). When
soil arsenic concentrations exceed the limitation of
40 mg/kg, the soil is prohibited to plant crops. In
2005, Chinese government constituted the maxi-
mum of contaminants in foods (GB2762-2005),
and the limitations of inorganic arsenic in some
crop products were less than 0.2 mg/kg.
However, in some regions, although soil heavy
metals concentrations exceed the limitations, peo-
ple plant the certain crops, because the produces
As concentrations do not exceed the limitations.

Supported by the Program for New Century Excellent Talents, Project No. NCET-04-0731, and by the Specialized
Research Fund for the Doctoral Program of Higher Education (SRFDP).
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Abstract

Background: Oilseed rape (Brassica napus L.) is one of the most important oil crops. A primary limitation to the cultivation of
this crop is the lack of available phosphorus (P) in soils. To elucidate the genetic control of P deficiency tolerance in Brassica
napus, quantitative trait locus (QTL) for seed yield and yield related-traits in response to P deficiency were identified using a
double haploid mapping population (TN DH) derived from a cross between a P-efficient cultivar, Ningyou 7 and a P-
inefficient cultivar, Tapidor.

Results: Three field trials were conducted to determine seed yield (SY), plant height (PH), number of primary branches (BN),
height to the first primary branch (FBH), relative first primary branch height (RBH), pod number per plant (PN), seed number
per pod (SN) and seed weight of 1,000 seeds (SW) in 188 lines of TN DH population exposed to low P (LP) and optimal P (OP)
conditions. P deficiency decreased PH, BN, SN, PN and SY, and increased FBH and RBH with no effect on SW. Three
reproducible LP-specific QTL regions were identified on chromosomes A2, A3 and A5 that controlled SN, PN and SW
respectively. In addition, six reproducible constitutive regions were also mapped with two each for SY-LP on A2, and FBH-LP
on C6 and one each for PH-LP and SW-LP on A3. About 30 markers derived from 19 orthologous genes involved in
Arabidopsis P homeostasis were mapped on 24 QTL regions by comparative mapping between Arabidopsis and Brassica
napus. Among these genes, GPT1, MGD2 and SIZ1 were associated with two major loci regulating SY-LP and other yield-
related traits on A2 between 77.1 and 95.0 cM.

Conclusion: The stable QTLs detected under LP conditions and their candidate genes may provide useful information for
marker-assisted selection in breeding high-yield B. napus varieties with improved P efficiency.

Citation: Shi T, LiR, Zhao Z,Ding G, Long Y, et al. (2013) QTL for Yield Traits and Their Association with Functional Genes in Response to Phosphorus Deficiency in
Brassica napus. PLoS ONE 8(1): e54559. doi:10.1371/journal.pone.0054559
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Introduction

number of QTLs

:d with P efficie

detected in rice

Phosphorus (P) is one of the essential macronutrients for plants
and is a major limitation for plant development worldwide due to

inbred lines (RILs),

13 QTLs
assC d with P-effici

. cy traits have been
[5-7], maize [8], wheat [9,10], common bean
[11,12] and soybean [13,14]. Using a soybean Fy recombinant
ted with root traits and 18

its low availability and inaccessibility in soil [1-3]. To mitigate this,
P fertilizers are applied to improve P availabili
cost and low wery rates of P fertilizers not only incre

cost of crop production but also lead to serious environmental
pollution and
Therefore

to bree

cxhaust non-renewable phosphate  resources.
a sustainable strategy for crop production would be

1y in acquiring P from native soil

crops with high effici
or fertilizer sources.

Nutrient-efficient plants produce higher yields per unit of
nutrient applied or absorbed compared with other plants grown
under similar agroecological conditions [4]. One way to de
the genetic basis of tolerance to nutrient deficiency is to map
quantitative trait loci (QTL) based on molecular markers, A

mine
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, wcy were identified under low P and high P
conditions, and three QTL clusters were found to be associated
with traits for root and P-efficiency at low P levels [14]. In wheat,
h QTL detected for P use efficiency (PUE) was found to be
linked to QTLs regulating agronomic traits [10]. Pupl is a major
locus that confers P deficiency tolerance in rice [5,7,15,16].
sion of a Pup I-specific protein kinase gene (PSTOLI) in
phosphorus-starvation-intolerant varieties significantly enhanced
grain yicld in phosphorus-deficient soil [17]. Tt results provide
strong evidence for the hypothesis that enhancing P efficiency
would improve agronomic performance of crops.

&
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Abstract

Phytate is the major storage form of organic phosphorus in soils and plant seeds, and phosphorus (P) in this form is
unavailable to plants or monogastric animals. In the present study, the phytase genes phyA and appA were introduced into
Brassica napus cv Westar with a signal peptide sequence and CaMV 35S promoter, respectively. Three independent
transgenic lines, P3 and P11 from phyA and a18 from appA, were selected. The three transgenic lines exhibited significantly
higher exuded phytase activity when compared to wild-type (WT) controls. A quartz sand culture experiment demonstrated
that transgenic Brassica napus had significantly improved P uptake and plant biomass. A soil culture experiment revealed
that seed yields of transgenic lines P11 and a18 increased by 20.9% and 59.9%, respectively, when compared to WT. When
phytate was used as the sole P source, P accumulation in seeds increased by 20.6% and 46.9% with respect to WT in P11 and
al18, respectively. The P3 line accumulated markedly more P in seeds than WT, while no significant difference was observed
in seed yields when phytate was used as the sole P source. Phytase activities in transgenic canola seeds ranged from 1,138
to 1,605 U kg™ seeds, while no phytase activity was detected in WT seeds. Moreover, phytic acid content in P11 and a18
seeds was significantly lower than in WT. These results introduce an opportunity for improvement of soil and seed phytate-P
bioavailability through genetic manipulation of oilseed rape, thereby increasing plant production and P nutrition for
monogastric animals.
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Introduction

Phosphorus (P) is an essential macroelement required for plant
growth. Poor availability of P in soils and consequent P-deficiency
arc major constraints to crop production globally [1]. Phosphorus
is taken up by plants as orthophosphate (P). However, in most
cultiva 30-80% of the
total P, and approximately 60-80% of organic P exists in the form
of phytate and is not directly available to plants [2,3]. Thus,

:d soils for agriculture, organic P compris

improving phytate-P bioavailability is important for plant P
nutrition, and for s

stainable agricultural development due to the
exhausting P ore resources worldwide [4].

Phytase is a type of phosphatase enzyme that catalyses the
hydrolysis of phytic acid into inorganic phosphate (P) and myo-
mositol [5]. Phytases have been most commonly detected and

characte

:d in fungi but have also been found to occur in

plants and bacteria [6]. Because phytate in plant seeds is
largely indig
been given to the improvement of phytate-P bioavailability in

stible by monogastric animal

animal feed by overexpressing phytase genes in plant seeds [4].
The transgenic production of high phytase activity in plant sceds
would reduce the costs of producing the enzyme which is currently
achieved by fermentation technology [7]. Plant overexpressing

PLOS ONE | www.plosone.org 1

cither phytase gene phyd or appd significantly increased phytase
activity in wheat grains [8], soybean seeds [9,10], canola seeds
[11,12] and maize grains [13].

Plants have developed a variety of mechanisms to increase the

availability of soil P, including changes in root morphology and
architecture, symbiosis with mycorrhizal fungi, improvement of
internal phosphatase activity, etion of organic acids and
phosphatases, and up-regulation of high affinity phosphate
transporters [3,1]. Phosphatases are required for the mineralisa-
tion of organic P to release phosphate into the soil [14]. Phyta
have been identified

[15,16,17]. However, S
activity in root exudates is not enough for effective utilisation of
organic P [4,17]. W] nous phytase was added into the
media, phytate became able for plant growth [16,18,19].
Therefore, in recent years, more attention has been focused on the
potential for overexpressing phytase in plant roots by genetic
manipulation for the improvement of organic P use from soil.
Overexpression of phyd in transgenic Arabidopsis with the Phtl;2
promoter increased extracellular phytase activity and phytate-P
use efficiency, and the transgenic plants were able to grow in a
medium  containing phytate as the sole P source [20,21].
Transgenic Trifolium subterraneum expressing phyA showed a 77-fold

in roots and root exudates in plants

s
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* Despite the ubiquity and beneficial role of silicon (Si) in plant biology, structural and chemi-
cal mechanisms operating at the single-cell level have not been extensively studied.

o To obtain insights regarding the effect of Si on individual cells, we cultivated suspended rice
(Oryza sativa) cells in the absence and presence of Si and analyzed single cells using a combi-
nation of physical techniques including atomic force microscopy (AFM).

e Siis naturally present as a constituent of the cell walls, where it is firmly bound to the cell
wall matrix rather than occurring within intra- or extracellular silica deposition, as determined
by using inductively coupled plasma mass spectrometry (ICP-MS) and X-ray photoelectron
spectroscopy (XPS). This species of Si, linked with the cell wall matrix, improves the structural
stability of cell walls during their expansion and subsequent cell division. Maintaining cell

Yongjun Lin
Tel: +86 27 87281719
Email: yongjunlin@mail.hzau.edu.cn

Received: 75 May 2013
Accepted: 6 June 2013

New Phytologist (2013) 200: 700-709
doi: 10.1111/nph.12401

shape is thereby enhanced, which may be crucial for the function and survival of cells.
e This study provides further evidence that organosilicon is present in plant cell walls, which

broadens our understanding of the chemical nature of ‘anomalous Si’ in plant biology.

Key words: cell wall, organosilicon, rice
(Oryza sativa), Si-polysaccharide complex,
silicon (Si), suspension cell.

Introduction

Silicon (Si) is beneficial to plant growth (Richmond & Sussman,
2003), and intra- or extracellular silica in plants is useful for
improving mechanical strength and alleviating biotic and abiotic
stress (Wang etal., 2000, 2005; Yeo etal, 2002; Gao etal.,
2004; Fauteux eral, 2006; Curriec & Perry, 2007; Epstein,
2009). Rice (Oryza sativa) plants have a feature whereby they
accumulate Si at proportions of up to 10% in dry weight of
shoots for maintaining high and sustainable production (Savant
eral., 1997), and it has been regarded as the prototype for con-
trolled formation of silica in higher plants (Ma & Yamaji,
20006; Nccthirajan eral., 2009). Si uptake by rice roots involves
a type of transporter (Ma etal., 2006), and more than one
transporter has been identified and is likely involved in the Si
uptake system in plants. Following its uptake, Si is translocated to
shoots as monomeric silicic acid and disilicic acid (Casey eral.,
2003) and deposited in spccial.izcd cells (Kaufman etal, 1969,
1985) or on cell walls, forming amorphous silica-cuticle/cellulose
double layers in the epidermis of leaves and on the surfaces of stems
and hulls (Kaufman ez al, 1985; Sangster etal,2001).

Rice takes up silicic acid at a relatively high rate (Ma etal.,
20006), raising the possibility that organosilicate complexes may
subsequently be formed in the roots and shoots. Despite several

atempts  to look for evidence of (yrgam)sﬂicatc C(ymplcxcs

700  New Phytologist (2013) 200: 700709
www.newphytologist.com

(Kinrade eral, 2001a,b; Benner eral, 2003), most investigations
to determine the protective roles played by silica in leaves have
been carried out at the level of the whole plant, tissue or organ,
and advances in the detection of roles of Si at the single-cell level
remain limited (Prabagar etal, 2011). We used suspended rice
single cells to perform a comprehensive investigation of the exis-
tence of Si at cell surfaces, demonstrating that a form of Si cova-
lendy bound to organic moieties in cell walls is present. This
ﬁnding reveals a structural role of Si in individual rice cells, con-
tributing to the stability of cell walls during their expansion and
subsequent cell division. Cell shape is thereby maintined, which
may be crucial for the function and survival of cells.

Materials and Methods

Cell culture

Suspension-cultured cell lines of rice (O?yzd sativa L. cv Zhung»
hua 11) were established following the processes of Chu ezl
(1975) and Thomas eral (1989a,b):
dehusked, sterilized with 75% ethanol for 1 min, 0.1% mercury

marture seeds were

chloride for 10 min and washed with sterilized water five times.
Sterilized seeds were incubated at 28°C in the dark for 1 month
in a modified N6 medium and subcultured three times in

subculture medium for callus formation. The calli (50-100) were

© 2013 The Authors
New Physologist © 2013 New Phytologist Trust
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Introduction

Among the well-known phytotoxic heavy metals in the environ-
ment, cadmium (Cd) is of considerable importance because of its
high water solubility, mobility, persistence, and toxicity even in
minute amounts (Wagner, 1993; Sanita di Toppi & Gabrielli,
1999). Cd in rice (Oryza sativa) and other grains poses a potential
health problem for human safety, and increased dietary intake of
Cd has been correlated with an increased consumption of rice
(Egan ez al., 2007). The source of Cd in rice grains is soil; paddy
rice is able to accumulate high concentrations of Cd, and Cd is
absorbed by rice roots and transported to the grains, resulting in
considerable Cd accumulation even when plants are grown on
slightly to moderately Cd-polluted soils (Uraguchi ezal., 2009).
A major transporter of Cd, Nramp5s, is responsible for the trans-
port of Cd from the external solution to root cells (Sasaki ezal.,
2012). Subsequently, Cd is transported into grains by another
transporter, OsLCT1 (Uraguchi ezal,, 2011).

Silicon (Si) is the second most abundant element in soils, but
its availability to plants as silicic acid may be limiting, and hence

Summary

e The stresses acting on plants that are alleviated by silicon (Si) range from biotic to abiotic
stresses, such as heavy metal toxicity. However, the mechanism of stress alleviation by Si at
the single-cell level is poorly understood.

* We cultivated suspended rice (Oryza sativa) cells and protoplasts and investigated them
using a combination of plant nutritional and physical techniques including inductively coupled
plasma mass spectrometry (ICP-MS), the scanning ion-selective electrode technique (SIET)
and X-ray photoelectron spectroscopy (XPS).

* We found that most Si accumulated in the cell walls in a wall-bound organosilicon
compound. Total cadmium (Cd) concentrations in protoplasts from Si-accumulating (+5i) cells
were significantly reduced at moderate concentrations of Cd in the culture medium compared
with those from Si-limiting (—Si) cells. In situ measurement of cellular fluxes of the cadmium
ion (Cd**) in suspension cells and root cells of rice exposed to Cd** and/or Si treatments
showed that +Si cells significantly inhibited the net Cd?* influx, compared with that in —Si
cells. Furthermore, a net negative charge (charge density) within the +5i cell walls could be
neutralized by an increase in the Cd®* concentration in the measuring solution.

¢ A mechanism of co-deposition of Si and Cd in the cell walls via a [Si-wall matrix]Cd co-
complexation may explain the inhibition of Cd ion uptake, and may offer a plausible
explanation for the in vivo detoxification of Cd in rice.

silicate fertilizers in rice production are applied (Ma & Takahashi,
2002a). Rice is the most effective known Si-accumulating plant
(Epstein, 2009), taking up > 10% of its dry weight (DW) (Ma &
Takahashi, 2002b). Moreover, Cd toxicity in rice plants (\Waﬂg
et al., 20005 Zhang et al., 2008) has been shown to be alleviated
by the presence of Si in the cell walls. Liang eral. (2005) and
Vaculik ez al. (2009) described this phenomenon in maize (Zea
mays) plants. Differences in Cd uptake of roots and shoots are
probably related to the development of the apoplastic fraction
(Vaculik eral, 2012). Recently, Nwugo & Huerta (2011) used a
proteomic approach to investigate the effect of Si on Cd tolerance
in rice plants, suggesting a more active involvement of Si in plant
physiological processes than previously proposed.

Despite evidence of the role of Si in the amelioration of heavy
metal Cd toxicity in plants at the whole-plant level, our under-
standing of the mechanisms involved in Si-induced Cd tolerance
at the single-cell level remains very limited. Recently, a study was
designed to investigate aluminium (Al)-Si interactions at the
cellular level using suspension cultures of Norway spruce (Picea
abies) (Prabagar et al., 2011). Notably, the presence of Si reduced
the concentration of free Al in the cell wall, and formarion of alu-

*These authors contributed equally to this work.
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minosilicate complexes in the wall was proposed (Prabagar eral,
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