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A ()RR s KRS AR KR
+ (n=8) . WEMARL (n=31) . BEHKEL
(n=31) NHEEM/KFEL (n=246) 45, YIRS
e FH B A R - IS

W R SR 5 FE R A RAE 4 “S” TR R
LM AR ~ 20 em RS LIRS, R
316 > T HERE AL . SRR S ML R A R AE, JF
O ST A W 7 7 SR B IR ] B Hb o5 Sl ] S B
IS LR RYE AR, BB I 5t
1.70., 0.25 J% 0.15 mm J& Je i J5 2 B AR
1.2 WEFRIR 57

T pH, AP, HEFCE, 2/, A
R B 0 D 7 iR B 2 R R R AR
Byt AR AR R B R L -
2. FrEEIRIREE - 36 BRI (NY/T 1121.14-
2006; NY/T 1121.15-2006 ) ; 3G %08k 4. i,
B SR FH DTPA 2 4 — J5—F W W 43 56 0t B D
(NY/T 890-2004 ) ; AR . 4153 IR FH A
P& - R -H Ak, BR - BIRERE R - g
A E (NY/T 1121.8-2006; NY/T 1121.9-2012 ) ;
TS . BRI SRR - IR S
SECEREIE (NY/T 1121.14-2006 ) ;3R R

2016) ; HHEARCESSR A DTPA 1242 — KGR TI)
WA EEEEIE (GB/T 237392009 ),
1.3 HdlEsrpr 5

I B M AT R Excel 2013, SigmaPlot
14.0 J SPSS 20.0;5 SR i Kz /R & 43 1 o B -4
PR (B B AH OC R 5 3220 [m1E 23 B4 Bl SPSS 20.0
AT

2 HR5HH
2.1 3G YN
P A H P N ER 1 s, DARRYE £

RE, HEEAPR. HE AR 2R IEAE
iR R, Ml HIEm S E LR RSN &,
X iR 041 mg - ke, B ( REIRET R E AR
#E ) (GB 15618—2018 ) ') rfy — 2 b iz bR 11 1 %
DI (03 ~ 0.6mg - kg ) BN 1624, HbR 1 ~ 3
fi5 (0.6 ~ 12mg - kg ) BT 344>, HbR 3 5L
(>12mg - kg") BYMAL 64, HHEARSHAEIE
4021 mg « kg, F/IME AR KAEST 3R 0.03 K 1.06
mg * kg, ZRRECH 70%, BT AR,
22 TEARCSES IR OCCE R

B A S A 5 45 TR S bt A T 30T B

TR - BN A S B ARSI (HI 803-  /RE4HT (£2) K8, HHEASCSHmET RS £
*1 HiTEEAERRTERESE

Bzt A1 T FrifEiR2E LGN L ONEI
pH 5.84 5.82 0.03 478 7.43
B (g« kg') 40.58 40.93 0.51 18.43 69.05
PR Foctim (g kg) 13.70 12.29 0.26 5.08 25.54
2H (g kg") 2.08 2.13 0.03 0.45 3.49
AR (mg - kg) 54.61 61.27 1.80 5.52 150.88
B (mg - kg) 109.88 103.93 2.00 32.03 287.31
AHEEEE (mg - kg™) 32.14 23.14 1.16 5.51 195.90
FRik (mg - kg") 108.28 102.78 1.90 35.76 266.79
AR (mg - kg!) 156.01 130.98 5.92 16.79 541.06
FRE (mg - kg") 31.09 21.25 1.76 0.57 205.69
AR (mg - kg™) 3.23 2.90 0.11 0.69 19.58
HREE (mg - kg") 3.60 2.68 0.18 0.59 29.27
B (mg - kg") 0.19 0.16 0.01 0.06 0.90
AR (mg - kg™) 0.11 0.11 0.01 0.01 0.80
SEHAES (emol - kg™) 17.11 15.44 0.66 1.90 57.93
ZHESE (emol « kg') 0.92 0.75 0.03 0.13 3.96
Cd,, (mg-kg") 0.41 0.34 0.01 0.14 1.69
Cd,, (mg-kg") 0.21 0.18 0.01 0.03 1.06

TE: Cdy, M Cd,, S0 0FR BB A RS, Rl
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pH. R K 22 4 1 5 5 B B 3 A O OE &R
(P<001), HY5 AWM RN ER,
KR (r) R -0417; H5ZH, HIEGHEES
AN, ARG, B A M. B R
B ETFHELER (P<001), H5EEMARL
BEAHC G R B, MOCRE (r) 435120 0.555
} 0656, BRUtzZ A, Hofh v mag b ( BHE ¥
T, SR M. AREE. AR, A RUH
RN ) 5 A RS R Z RIS R
P A LB B E K (P>0.05), dtkal i, 14
pH. BHHLG. B, ARCEHE. . 2 H. .
Bt I AR A T B A R ) 3 RS R B Y
¥
2.3 ARG R TR A

FHICATMTEE R, 4 RV S oy - P Ak
PR 2 5 e A RS e WOk e b
PERE bR N S RIS B ARk,

3 22 TC 11 UH 43 AT ) g S0 A5 B 1 1) T A
B(R3), SMGETHELWMETEML, HES
BUEE . AU . AR B AT SRR U A TR R
Jo, MEERE (r) M 0.766 55 0.863, H ik
FH B K (P<0.001, n=316), HiERRG i PE
RENEAART . B EHSMrEE R B, 5T
TSR ARCRE . AR . AR S SR ST
B4 Tl U 5 AR R A OGP fe i, AH G R B35 0.863,
T A -

Cd.,=-0.006+0.371 (Cd,,) +0.014 (A-Zn) +
0.001( A-S )-0.001( A—P )+0.006 ( A—Cu )( R’=0.745,
P<0.001), P A-Zn, A-S. A-P 2 A—Cu 5351
RAREE . AR A0 PR, sy #
XF A SR TR e g, oA 3 PR -
THEpH, AHLE. PHE T, SRS
25 PR O R AR M, ORI A A RS
BRI TRAR AR e

®3 ITEAXSRES TEERMZESEAGE

His AL r P SE
1 Cd,=0.014+0.484 (Cd,,) 0.766 <0.001 0.095
2 Cd,=—0.009+0.484 (Cd,,) +0.017 (A—Zn ) 0.841 <0.001 0.080
3 Cd,=—0.033+0.366 ( Cd,, ) +0.015 (A-Zn) +0.001 (A-S) 0.857 <0.001 0.076
4 €d,=0.007+0.364 ( Cd,, ) +0.015 (A=Zn) +0.001 (A=S) +0.001 ( A-P) 0.860 <0.001 0.076
5 Cd,==0.006+0.371 (Cd,,) +0.014 (A=Zn) +0.001 (A-S) —0.001 ( A-P) +0.006 ( A—Cu ) 0.863 <0.001 0.075

T Cd,, A EEAREER O Cd,, A EEEIR & A-Zn S RO B A-S O DA B A-P O AR B A-Cu Sl AT

S r AR B PR SE NFRIEIRZE . n=316. Tl

NT A PG SR A SCS R B
i X b A RS R R R R, 23 ]
X5 A T X A AR R AT BRI T [ A RS
FImIAI R (F4), DHEARERG RS L%
SR A BGE R B OB R R R 3 IR A

K (P<0.001), 154 B8 & 20 0 2% U
XK (P<0.001), IO, HIERER. ARCREE. B,
. A AR 0 S e R A ACS R A it I
X S AN RE, AR S A RS
FIRB R B TA RGNS M. B, M. RTIX

R4 ITEBAXSESLEERMNERTFEEASTE

Y5 T R P SE
1 Cd.=0.014+0.484 ( Cd,,) 0.587 <0.001 0.095
2 Cd=0.112+0.028 ( A-Zn ) 0.121 <0.001 0.116
3 €d.=0.108+0.003 ( A-S) 0.026 <0.001 0.132
4 €d.=0.306-0.002 ( A-P) 0.006 <0.001 0.137
5 €d.=0.156+0.017 ( A—Cu) 0.005 <0.001 0.144
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5 > HE T A RS R TNy R R D R
(R) 20745 (£ 4), HipHESMEEN RN
0.587, Xof A7 5 7 I A R T A
TR 78.8%, HAy 4 A~ HIERTHY R 43518 0.121
0.026, 0.006 & 0.005, A UL, -3 & R R
I S A SR

BEAN, ARWEFEE XS AN R B A B o SOk A 42
T HEARCSR S S R AE bR B AT T ]

WL HSCGEEE. WL BE. HOM AR, HESTXT R
MR (R5. 6). 45K, AR BER K&
IKFE 2R 19 A SIS AR TN AR AR 353K 31 T A%
BFHKF (P<0.001), P RE (RY) JE551 0
0.731 ~ 0.932 % 0.727 ~ 0.939, 0] 45 I b 7510
A AR AR, AERZE (SE) FEREIS5IR
0.010 ~ 0.075 2 0.004 ~ 0.101, iy 45 %I 14 A7 11
e RO B R 2 o

E5r T, DL REER SR AR, R

x5 AEBIFRIEFHSEOTNGRE

A BRI T 5 A R P SE
AR Cd,=0.125+0.001 ( Cd,,) +0.007 ( A~Zn) +0.001 (A-S) -0.001 ( A-P) +0.049 ( A~Cu ) 0.731  <0.001  0.038
SEMIUE Cd,,=-0.005+0.421 (Cd,,) +0.030 ( A~Zn ) -0.001 ( A-S) -0.001 (A-P) +0.023 ( A-Cu) 0.824  <0.001  0.075
TR R Cd,,=-0.089+0.190 ( Cd,,) +0.036 ( A~Zn) +0.003 ( A-S) +0.001 ( A-P) -0.004 ( A~Cu) 0.733  <0.001  0.069
FNLE LTtk Cd,,=—0.059+0.529 (Cd,,) +0.010 (A-Zn) +0.001 (A-S) -0.001 (A-P) +0.008 ( A—Cu) 0915 <0.001  0.056
i Tiea €d,,=0.010+0.210 (Cd,,) +0.011 (A-Zn) +0.002 ( A-S) +0.001 (A-P) +0.004 (A—Cu) 0.750  <0.001  0.060
[iza Cd,,=—0.283+0.545 (Cd,,) +0.001 (A-Zn) +0.004 (A-S) +0.001 (A-P) +0.027 ( A—Cu) 0.932  <0.001  0.010
iaska Cd,,=0.014+0.310 (Cd,,) +0.007 (A-Zn) +0.002 ( A-S) -0.001 (A-P) +0.001 (A—Cu) 0.744  <0.001  0.049
*6 ARAKBLIXTEFUSEHTINARE

TRFE W2 T Jy R P SE
AR RS+ Cd,=0.062-0.215 ( Cd,,) —-0.004 ( A~Zn) +0.001 (A-S) -0.001 ( A-P) +0.057 ( A~Cu ) 0.939  <0.001  0.004
WE KL Cd,,=-0.025+0.187 (Cd,,) +0.052 ( A~Zn ) +0.001 ( A-S) +0.001 (A-P) -0.018 ( A-Cu) 0.898  <0.001  0.101
wEHKE LS Cd,=-0.050+0.361 ( Cd,,) +0.007 ( A~Zn ) +0.002 ( A-S) +0.001 ( A-P) +0.004 ( A~Cu) 0.743  <0.001  0.083
WE KL Cd,=0.010+0.352 ( Cd,,) +0.012 ( A~Zn) +0.001 (A-S) -0.001 ( A-P) +0.010 ( A~Cu ) 0.727  <0.001  0.059
2.4 AR B TSR e P<0.001 ), M FERH], A ISR SR, AR
LA A M R BN A OC R B S i B SR A RS T AT I

0.766 ~ 0.863, ¥JikFH i E K (P<0.001), fiE
B 5O e O e X RIS R T R . ARG
B TN RS B Bt 3 PR 5 AR R
RIAT 4 RESEPRAT SRR AL, T T SV & i
ARESEE. L. BRI 5 R B ] BORS A
Hi PR+ e R A RCRAR N B i . AR LAYOE R B
(R*) FOHEZR (P) A [V B A Rk ), 5
T RARE A [ AN -
Cd,,=-0.006+0.371 (Cd,,) +0.014 (A-Zn) +
0.001( A-S)-0.001( A=P )+0.006( A—Cu )( R*=0.745,

R ATATI

T DRI 1 A SR S R F (1)
HRSRS EA I E, DU E BT RARE S ke
B TR AR R (A R R (TR 1), BRI, dikE
BOHUNAE Y AL T 95% TN A DX [a] P, i5d B AR AR 11
PUE RO BT o A5 TIN5 5 S DA ] AH G
PE I8 2] T M 2 2 UK (P<0.001, R* 4 0.730 ).
BRIV 4 5 TOOIIRG B Y 8 hg, R, A
AU f6 4 g 000 R 5 R X A SUS R AY
K-

— 219 —



rRE SRR 2022 (7)

121
~ y=0.80x+0.02, R?*=0.730, -
ERR n=316, P<0.001 ,/

&

£ 08

=

= 0.6 .

=

M=

5 7~ - 9
2 04 o ilE N
= — M

T 02f Zodeeery T 95%E 51X 1]
B — — — 95%TMX i)
H 0.0

6.2 0‘.4 0‘.6 0‘.8 1.‘0 1.‘2
ISR (mg - keg™!)
B1 TEFUSEIEESTMIEZ BRXR

3 itig

3.0 RIEARGEE SR N R

WFFERI, A S8 A 8 5 6 A REXE LA 3 P 4
AP G PE . RO Kot 25 R GE BN SRR Y
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Pt B e A S BH S 7 5g e 4 ) | R IRAUR (AL
SRR L0 W5 ) BARZAE (HEKHERE ) SR
BN A SR A i E RN K Y, AL
REW, BRSO R A RS R
KN MR HTINERA], +3E pH 5 - HEA 2L
SRR R E KR, AR 11
pH JF8A GIAA SR B WAL, al e e N
T8 pH S PHE TS . AR ARCEEE. B
e, Bk B OH L BERCTHRIERS . BRI RARR
R OGHE, AT EAR A ) L A R B T A 2 v
BATTIA pH, AE AT RS 5R B R M A L 7E
[ PN A S | s e 38

BN B, IR SR AR
BELOBL . WEACHA S A RS R A O R
B3, HEET Bk 5 AN T pg 107 FERE
PO N A RS S, SRR
ARGSE L B Bl SR R e L A AR
MEZRER, e HIRAREER L e NG,
% PR L - HEPE AN . b b SR S T
TG R ATEOL, H A RS A BRI R
W, AT SEAR G B DR [ U A BT 3
AR O R A S A R O R
o MM LR AR OR DU R e SRR A 2
LR B RN R, A R a s - S ST E R ]
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TEYA S BRI Y, KB, ©
HEdr ) SO, R E A HS™ & 8™, A AN A ik
WUTTES S 2. Bk e i3 i vE, sEEvEm
7 ROl K S 300 pH FH i, BRI T
TR R I T FERE I I HEK A
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TIPSR AR, A SS T
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T ARGEEE. WL WA RS R AR X 10
AREWE RN FERR, TR RENIE R
BO(R?) 7 0.587, X 86 508 & 10 iR B R
JE 5 TN AL A (1 78.8%, AT HiAth 4 A~ I F,
RV A RS R S R DGR bR

(2) kXA, 5Bz I 530S e
J7 AR X - AT SR Y A A

Cd,,=-0.006+0.371 (Cd,,) +0.014 (A-Zn) +
0.001( A-S)-0.001( A-P )+0.006( A—Cu )( R*=0.745,
P<0.001 ), AT 248 FCH 43 I AE AR AE 95% il
PN, LG RCREAF, BB R ER IR S i
WIAG R, BERCT b w3 e 7 A5 X 4 A 254
K, A PR R RS X A SRR K AR
MRt —E 2%
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) S P X AR ] A R T M K e A 28 g A
A AT A b PO L+ B SR S i, BRI IR
B W E K (P<0.001), YeE RS (R JulE4y
WK 0731 ~ 0.932 2 0.727 ~ 0.939, ¥4 Hh
TN 49 RS R i

SE Lk
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Research progress of gene encoding nitrate transports involved in nitrogen use pathway in plants

LIU Wen-ping], LIANG Xuan-he’, ZHANG Chun-xiao', LI Shu-fangs, CAO Tie-hua®", LI Xiao-hui'" (1. Maize
Resources Institute, Jilin Academy of Agricultural Sciences, Gongzhuling Jilin 136100; 2. Institute of Agricultural
Resources and Environment, Jilin Academy of Agricultural Sciences, Changchun Jilin 130033; 3. Crop Germplasm
Resources Institute, Jilin Academy of Agricultural Sciences, Gongzhuling Jilin 136100 )

Abstract: Nitrogen is one of the essential elements for plant growth and development. Nitrate in soil is the main source
of nitrogen for plant. The uptake, transport and distribution of nitrate by plants is mediated by a precise signal regulatory
network, in which nitrate transporters play an important role in the transport and distribution of nitrate in plants. By
identifying the functions of different nitrate transporter genes in uptake, transport, assimilation and remobilization, the
mechanism of nitrate uptake in plants can be better elaborated, the key link to improve nitrogen use efficiency of plant can be
found. Therefore, the response and signal transmission of nitrate transporters by plants in soil in this paper were reviewed,
and the functions of nitrate transporters involved in nitrate transport, storage and remobilization in plants and the application
of nitrate transporter genes in plant breeding were also reviewed. In addition, the editing of single base, modification of
key domains and functional identification of nitrate transporter genes were prospected. The review is helpful to analyze the
function of nitrate transport genes, broaden the understanding of the molecular mechanism of nitrate uptake and transport
in plants, and provide theoretical support for improving plant nitrogen use efficiency and breeding crop varieties for high
nitrogen use efficiency.

Key words: plant; nitrogen; nitrate transporter; nitrate; yield
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Prediction model for soil available cadmium in typical cadmium contaminated paddy fields of South China
ZHOU Jun-yu', GU Yu', LIU Qiong-feng', WU Hai-yong', ZHOU Xuan', TANG Zhen-qi’, LI Ming-de'" (1. Hunan
Soil and Fertilizer Institute, Hunan Academy of Agricultural Sciences, Changsha Hunan 410125; 2. Hunan Soil and

Fertilizer Station, Changsha Hunan 410006 )

Abstract: In order to better guide the heavy metal cadmium polluted paddy soils to implement soil remediation and control the
soil cadmium poisoning risk, typical cadmium polluted paddy fields in southern China were taken as the research object, the
relationship between soil available cadmium content and physiochemical factors was analyzed based on the soil cadmium and
the physiochemical properties index determination for 316 monitoring sites, and the forecast model of paddy soils available
cadmium was established through stepwise multivariate regression equation. The results showed that the soil available
cadmium content of paddy fields in southern China mainly depended on the soil total cadmium ( Cd,, ), available zinc ( A-
Zn), available sulfur ( A-S), available phosphorus ( A-P) and available copper ( A-Cu ). Through regional investigation

and stepwise regression analysis, the prediction model equation of available Cd content ( Cd, ) in the southern paddy soils

ext

was obtained: Cd.,=—0.006+0.371 ( Cd,,) +0.014 (A-Zn) +0.001 (A-S) -0.001 (A-P) +0.006 ( A-Cu ). The model
prediction reached a very significant level ( P<0.001), and the determination coefficient ( R*) was 0.745. Therefore,
the regression model based on the above five soil factors can achieve perfect prediction, and it can provide reference for soil
remediation of cadmium polluted paddy field.

Key words: cadmium polluted paddy field; available cadmium; influencing factors; prediction model
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