R Tk 2 E—

RO-ENVIRONMENT SCIENCE
rjijl:: http://www.aes.org.cn

BB ERERRKIRTE BB N E R AR R KR
SRERE, M5, HW Em, AORNE, Hf, HiE FaRs, sk

FIHASL:
SRR, 5T, HXK, 5. RIS XA BRI S SR AR R[], Al ARk #2241z, 2021, 40(2): 260-268.

TEZR R View online: https:/doi.org/10.11654/jaes.2020-0873

LT RGO H A R

Articles you may be interested in

ANTR] K AE  F GEHE R T 1 G R
JE S, R, £, B, 1R, SR
LMV IETRL2A4]. 2020, 39(11): 2675-2682  hitps://doi.org/10.11654/jaes.2020-0517

FEXT RG2S KRS S P40 A A . AR EE I BRAE Y BT B A R

VLI, K%, TR, 5185, @k
LV FREE R3] . 2018, 37(6): 1066-1071  https://doi.org/10.11654/jaes.2017-0928

AL T A AN ] 5 PR R K R o e i 2 S ) 9
KA, =7, 2o, WA, i, ol
LAV IETRLE2A 4] 2016, 35(5): 842-849  hitps://doi.org/10.11654/jaes.2016.05.004

A= ¢ 55 7K 3 B G X I R RS S AR 52 )
TS ERER, JE SO, BLELR, XU, B, SR
LV FREE B4R . 2020, 39(7): 1479-1485  https://doi.org/10.11654/jaes.2019-1408

IR [7) A= B 3G A A DR R A 5 B 5

SRARDE, LORERE, Wi, B, SR, R, B
RAMP A FRFF244]. 2016, 35(10): 1867-1872  https://doi.org/10.11654/jaes. 20160432

KEMIE AT, PFAHEZTHER


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0873
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0517
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-0928
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2016.05.004
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2019-1408
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2016-0432

2021,40(2): 260-268 ® oA F OE R FE ZE R 20214E2 H

® Journal of Agro-Environment Science @

SRR, JH5E, H, A RUEXT R AR F 4k RIE R SRR A SR A SR [T]. All BRI A2 4H, 2021, 40(2) :260-268.
ZHANG Yu-sheng, ZHOU Liang, XIAO Huan, et al. Effect of nitrogen fertilizer on iron plaque formation on the root surface of double

cropping rice and cadmium accumulation in double—season rice[J]. Journal of Agro—Environment Science, 2021, 40(2): 260-268.

TR OSID

RBEXS WM FEIR R ER IR B K W ETE IR IR R =20
gﬁl-)‘g{llﬂ’ }%}%3’ ‘#]’;,}LLI,Z’ [i_fé']\“, %iﬁpill*, m{%ll’ ‘}%]’J‘,éll’ @%}\’{i}%ﬁlﬂ’ gi{/]\%‘yﬂ;ll

(LR A R R A2 B, Kb 4101285 2. j 5 HUMAE B B R Q8 oLy, VD 4101285 3. 4R g RO R 2 BE IR 2 Be , 1M
510642; 4. W) A B T ARV AR A Rtk 2omoll fe vt i, IR BERE 412200)

& E NI KA T AU F A X K R RS R TE Ai f J e} R MRS 32 1) i), T DR FH X, 32 BBUFR R v 7 £ 819 (I
Al Bl 996 CrR bt Al ) FME ARG AN 125 CIRER AL ) LR AT CRrdsb ) ik Ie bkl LUK ARS 44 & Wi & 180 kg-hm™,
PE3NENE H B3], JERE : BERE : AR R AR50 4:4:2:0(T1) .8:0:2:0(T2) .6:0:2:2(T3) B AHEAALFE(CK) . /KFEMBEMIFIFL Y,
FEPRCRAE KR R R AR A TR 08 1 S RSk 0 2 ks I e A 25 REOKAR it 45 SRR R R 2= IR AR it A AL R k25
T BRI S ZLEAY , R A IR IR B e R AR B FLA>S S B . BRI 819 Bl 996 Rl K HE FLAHAR B & R LA TI
T2 AbFRET 3 CK A IR IR, T3 AL FRA A e, ISR 1255 DAASHE UG B0 N e , T2 AL PR Al 4 A R i 199 £ 996 AN 7] B S AR gk
et SARUIBR O ik i IEAE DG (P<0.05) , @ hh A R AT A A BEMIAR R B i S AR AR 1 i b 2 TEAH DG (P<0.05) , FLBVIIHL IR BR 5 4t
- R R W TG (P<0.05) o KA AR RIEER (4 £ 2 W A A 00 A T4 it 0T e U P A A 25 P 4 3 o, 4R i R
FEMLFIZE AR i . AN TFIREZRRERAR O A AU 3T 25 AN it U — S B0, o2 U8 L6 SRR PO 8 19 FRfng Al
12 SR KSR 55 T B S5, o B8 i A B 7 08 996 N A AT A B K 5 & LA T3 b PR e W W, %58 CK 20Tl AR 52.72% F1 74.13% .
FH LTI AL B AR T, TS KRG S, 25 G /KRB AR SR S 75 10, il A B Ay ZRUIES b 81 LR TR A 5 1

KRR OBLZER ;K U3 R 5 58 5 40 AR AR a2 R 4K

RE 4 %S :S511.42;X503.231 XERER A XEHS:1672-2043(2021)02-0260-09  doi:10.11654/jaes.2020-0873

Effect of nitrogen fertilizer on iron plaque formation on the root surface of double cropping rice and cadmium

accumulation in double—season rice

ZHANG Yu-sheng'?, ZHOU Liang’, XIAO Huan'?, KUANG Yu', AO He—jun'*, TIAN Wei'?, XIAO Feng'?, XIANG Yan—yun'?, ZHANG
Xiao-yi'?

(1. College of Agronomy, Hunan Agricultural University, Changsha 410128, China; 2. South Regional Collaborative Innovation Center for
Grain and Oil in China, Changsha 410128, China; 3. College of Natural Resources and Environment, South China Agricultural University,
Guangzhou 510642, China; 4. Social Employment Promotion Unit of Agricultural and Rural Bureau of Liling City, Hunan Province, Liling
412200, China)

Abstract: Field experiments were carried out to investigate the effects of nitrogen fertilizer ratio on the formation of iron membrane on the
surface of rice roots and Cd uptake and transport in rice under flooding conditions. The early rice Zhuliangyou 819 (low Cd variety) and
Luliangyou 996 (high Cd variety ), and late rice Xiangwanxian 12 hao(low Cd variety) and Yuzhenxiang(high Cd variety) were selected as
experimental materials, and either nitrogen fertilizer, which included three nitrogen fertilizer ratios:4:4:2:0(T1), 8:0:2:0(T2), 6:0:2:2
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(T3), or no nitrogen treatment (CK ), were applied at the rate of 180 kg+-hm™ during the whole growth period of rice. At the tillering stage
2 PP g g g P g stag

and milk stage of rice, whole plant was collected and the contents of Cd in all parts, Fe and Cd in the root membrane, and Cd in roots and
shoots of brown rice were determined at maturity. Results showed that the Fe contents on root plaque of low Cd varieties during different
rice seasons were higher at tillering stage than at milk stage, and the Fe and Cd contents on root plaque of high Cd varieties were higher at
milk stage than at tillering stage. The Cd contents on root plaque of the two early rice varieties (Zhuliangyou 819 and Luliangyou 996) and
one late rice variety (Yuzhenxiang) were reduced by T1 and T2 treatment; however, they were the highest at T3 treatment. The Cd contents
in the root plaque of Xiangwanxian 12 hao was the highest and lowest under the condition of CK and T2 treatment, respectively. The Fe
content in the root plaque of the high—Cd variety Luliangyou 996 was significantly positively correlated with the Cd contents in root plaque
at different periods (P<0.05), and the Fe content in the root plaque of the high—Cd variety Yuzhenxiang was significantly positively
correlated with the Cd content in root plaque at tillering stage (P<0.05). There was a significant negative correlation between the Fe
contents in root plaque and the Cd contents of leaves and panicle during milk maturity (P<0.05). The Cd content in roots, shoots, and
leaves of rice increased with the extension of growth period. Nitrogen application could reduce the Cd content in different parts of early rice
and increase the Cd content in roots, shoots, and leaves of late rice, at maturity stage. Under the same nitrogen application rate, the Cd
content in brown rice at different rice seasons was significantly reduced. Under the same nitrogen application rate, changes in nitrogen
fertilizer ratios had no significant effect on the Cd content in brown rice of low—Cd varieties (Zhuliangyou 819 and Xiangwanxian 12 hao).
The Cd content in the high—Cd varieties Luliangyou 996 and Yuzhenxiang brown rice decreased significantly at a ratio of 6:0:2:2 by
52.72% and 74.13%, respectively, compared with that in CK. It can be concluded that under flooding conditions, according to rice
varieties, combined with the key growth and development of Cd accumulation in rice, a reasonable proportion of nitrogen fertilizer can
reduce the Cd contents in brown rice.

Keywords : double—season rice; field experiment; nitrogen fertilizer; cadmium; iron; iron plaque; transport coefficient
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Figure 1 Fe contents on root plaque of double—cropping rice at different growth stages
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Figure 2 Cd contents on root plaque of double—cropping rice at different growth stages
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Table 1 Cd contents in different parts of rice at tillering stage (mg-kg™")

A Qb3 T Early rice HifE Late rice
Parts Treatments  #EFH{L 819 Zhuliangyou 819 [liFi4L 996Luliangyou 996 B 125 Xiangwanxian 12 hao £4H4F Yuzhenxiang
H Root CK 0.78+0.14a 1.18+0.18a 1.33£0.07b 3.52£0.17a
T1 0.65+0.08ab 0.53+0.09b 0.84+0.10d 1.33+0.03¢
T2 0.58+0.09ab 0.67+0.04b 1.88+0.05a 1.74+0.08b
T3 0.47+0.07b 0.57+0.08b 1.1420.09¢ 0.87+0.10d
2% Shoot CK 0.26+0.03a 0.25+0.02a 0.14+0.03b 0.72+0.16a
Tl 0.19+0.03b 0.12+0.02b 0.10+0.01be 0.21+0.03b
T2 0.12+0.01c 0.16+0.03b 0.29+0.04a 0.20+0.01b
T3 0.11+0.01c 0.07+0.01¢ 0.09+0.00¢ 0.10+0.01b
"} Leaf CK 0.12+0.02¢ 0.05+0.00b 0.08+0.00a 0.05+0.00b
T1 0.33+0.02b 0.08+0.01a 0.07+0.01a 0.09+0.01a
T2 0.15+0.02¢ 0.07+0.01ab 0.09+0.01a 0.09+0.01a
T3 0.37+0.02a 0.06+0.00ab 0.08+0.01a 0.06+0.01b

T [R5 AN ) /NG 5 B (] — i A Tl — g5 B AN [ Ak ] 2 5 835 (P<0.05) .

T

Note: Different lowercase letters in the same column indicate that the same variety and organ significant difference between the different tested varieties

(P<0.05).The same below.

F2 KEIAABALELE SRS E(ng k)

Table 2 Cd contents in different parts of rice during milk stage (mg-kg™)

ShAP Varieties Kb P Treatments #2 Root 2 Shoot I Leaf T4 Panicle
RHIE 819 CK 1.50+0.14b 0.42+0.04b 0.08+0.01b 0.23+0.03a
Zhuliangyou 819 Tl 1.80+0.32ab 0.16:0.01c 0.12+0.02a 0.09+0.01b
T2 1.25+0.18b 0.22+0.02¢ 0.14+0.00a 0.09+0.01b

T3 2.3140.33a 0.69%0.11a 0.15+0.02a 0.06+0.01b

[ 996 CK 3.15+0.48a 0.40+0.04a 0.18+0.02a 0.24+0.03a
Luliangyou 996 Tl 2.91+0.33a 0.340.06ab 0.17+0.01a 0.12+0.01¢
T2 2.71%0.13a 0.25+0.03bc 0.14+0.03ab 0.13+0.01bc

T3 3.17+0.49 0.19+0.04c 0.11+0.02b 0.15+0.02b

gl 12 5 CK 2.45+0.26h 0.34+0.01b 0.07£0.01bc 0.09+0.00b
Xiangwanxian 12 hao Tl 3.03+2.28ab 0.71+0.09a 0.09:0.00b 0.08+0.00b
T2 5.68+0.15a 0.77+0.04a 0.12+0.02a 0.15+0.01a

T3 3.800.41ab 0.69+0.15a 0.05+0.01¢ 0.07+0.02b

LA CK 2.27+0.97¢ 0.24+0.03¢ 0.37+0.05a 0.210.03a
Yuzhenxiang Tl 3.27+0.54hc 0.47+0.03b 0.15+0.02b 0.0060.00b
T2 9.40+1.59% 1.23+0.14a 0.18+0.02b 0.006+0.00b
T3 4.52+1.01b 0.56+0.02b 0.34+0.05a 0.002:0.00b

F 3% AT
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P T2 X8 e KAE, H 5 CK 2= 5 8.3 . WMk 12
S AR A DL T2 B T3 AR, BANA IS
T T2 B E R, T3 5 CK JC W #5125 55, i B4
FrETE 3L IR R A REAL, LA T3 S

L G A S T B B R o LR 3 it T B
A 78 P o A L 25 I RTORE DK 1 4 i (BR AR A
819 AR & FHIE T2 I #58 CK 4R 1 2.55% 41 ), Hoh bk i
It 819 FIBE P UL 996 25 M4 75 it ¢ CK 437 ik 2 P 41K
36.36%~45.45% 1 46.15%~64.10% ., kPl 819 k&
KERFEAL P I8 25 [AIG 38.66%~43.70% , ) T2 1A% 5
Fifi PO AL 996 1Y RS K 4% % 1 AH ¢ CK B IR 8.70%~
52.72%, VLT3 &A%, H B Z KT CK.T1,

XFF MR P SR 5 R ZE T S E LIS
it 28 (CK) B R AR, 4H Hb CK, IRl 12 5 0 41 AR
B o B4R R 93.93%~128.74% I 122.76%~
248.28% , 25 M4 7 it 43 il £ 15 26.67%~75.56% F
224.00%~976.00% . i iy Bl RS K58 5 i A RAL T
B 5 2 B AIK, AR EE CK 43 0 1K 47.69%~54.36% Fl
47.16%~74.13% , HH IRl 12 5 i K 58 2 e Ak
PR 22 S AN 0 3 T R AT AR AR 5 1 DL T3 & Ik, B
HCKHMTI S8,

23 ABREZKSEESRBFEBLIERERZIBAIE
SEREXES T
KRR RS RSk B 1 5 LM AR 7 kB AR 45 AL

R3 KERAPFRELERZBURSERBRERE

Table 3 Cd contents in different parts of rice during maturity and Cd transport coefficient

. e A5 Cd contents/(mg-kg™) %512 Z K0 Cd transport coefficient/%
Varieties Treatments H 50t Jiip/S TF o1 TF tppuzen TF yppue
Root Shoot Brown rice TF shootRoot TF GrainsShoot TF Grains oot

R 819 CK 2.74+0.58ab 0.44+0.05a 0.119+0.010a 15.82+1.37a 27.34+1.06a 4.33+0.47a
Zhuliangyou 819 11 1.70£0.285  0.24+0.03b 0.0730.015b 13.49+0.48b 31.54+3.83a 430+0.54a
T2 2.81+0.12a 0.24+0.02b 0.067+0.006b 8.62+1.19¢ 29.61+2.46a 2.54+0.30b
T3 2.42+0.41ab 0.28+0.02b 0.071+0.011b 12.05+0.65¢ 25.11%2.72a 3.100.16b
Fili i) 996 CK 2.67+0.49a 0.78+0.14a 0.18420.037a 36.8026.00a 23.45+0.51c 7.31+1.50b
Luliangyou 996 Tl 261+0.59a  0.42+0.03b  0.168+0.014a 19.20+4.01b 40.130.28D 7.72+0.98h
T2 1.35+0.03b 0.28+0.04b 0.135+0.024ab 21.03+2.32b 47.30+4.03a 9.98+1.56a
T3 1.02+0.10b 0.31+0.00b 0.087+0.009b 30.60+3.22a 26.46+2.24¢ 8.14+1.35a
MR 125 CK 2.47+0.04b 0.45+0.05b 0.195+0.003a 20.35+1.27a 38.34+3.39a 7.76+0.20a
X"a"gwha:o"ia" 12 Tl 5.52+0.52a 0.79+0.11a 0.089:£0.009h 13.38+0.64bc 12.03+0.48¢ 1.61£0.01¢
T2 5.65+1.17a 0.57+0.07b 0.102+0.005h 11.84+1.70¢ 18.11+2.40b 2.12+0.23b
T3 4.79+0.15ab 0.78+0.11a 0.094+0.002b 16.39+1.48h 12.31+1.64¢ 1.99+0.08b
R CK 2.90+0.40¢ 0.25+0.03b 0.545+0.108a 8.86+1.13b 213.95+12.43a 19.20+3.05a
Yuzhenxiang T1 10.10+0.65a 1.34+0.19b 0.288+0.069h 13.42+2.24b 18.92+2.73¢ 2.43+0.22h
T2 7.78+0.69ab 0.8120.01b 0.2750.053bc 10.520.70b 33.92+3.87h 3.53+0.42b
T3 6.46+0.87h 2.69+0.54a 0.14120.003¢ 42.9622.15a 6.91+0.93d 2.82+0.36h

R4 KBREKSESRBRSERERSBAIRSENBEXESH(n=12)

Table 4 Correlation analysis of rice root plaque Fe contents , root plaque Cd contents and Cd contents in various plant parts(n=12)

S BEMAM ARk 5 i Tillering stage DCB-Fe

FLAGYIAR BB & i Milk stage DCB-Fe

P 819 e i il 125 ML 819 R, AR A 125

PRIILSIO  ppppons MBEHIIZE g BRIILSIO ey ggs  TIRHNI2E e
Zhuliangyou Luli 996 Xiangwanxian Yuzhenxi Zhuliangyou Luli 996 Xiangwanxian Yuzhenxi
319 uliangyou 12 hao uzhenxiang 319 uliangyou 12 hao uzhenxiang

HRBEH & i DCB-Cd 0.129 0.617* 0.251 0.734% -0.031 0.687 -0.492 -0.106
ZE40 7 & Shoot Cd contents -0.201 -0.416 -0.287 -0.001 -0.341 0.6337* 0.474 -0.070
4737 5 Leaf Cd contents 0.013 0.555 -0.536 -0.131 -0.048 -0.010 -0.087 -0.578*
FH45 2 B Panicle Cd conents -0.225 -0.076 -0.021 -0.590%*

T A2 I 0.05 710,01 KF AR

Note: * and ** indicate significant correlations at the 0.05 and 0.01 levels, respectively.
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W IR e TS R LR 4. AR 819 A
GG A R G L 12 5 (AR i ) 43 BE 3 RN FL 24 DCB -
Cd 5 DCB-Fe J2 25 M40 & it A A OCE . ARG
Pt 996 F1 i A £ A (i i il Bl ) 73 BE DCB-Fe 5
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HA DCB-Fe 5 DCB-Cd ., Z£ 5 % & B 3 1 1 5 (P<
0.05) , M fe £ 4T & L2 DCB-Fe 5 AR & &
FHMA(P<0.05) o 454 1, Ut Wit A 2008 AT 42 =
o G it A B SO AL R R BT ok et S T 4 1 R o, DA
T/ 1) 3 3R 55 %

3 iFig

3.0 BAREGHTREIM KBREGES = RBHE
E RN
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BRRETE 1 32 B2 AR 2R A AE T AR B Fe ik B2 AR 2R
FETHFHAE A s M LB (VR B2 ) 7EAS [RI KRR A
ANFVAE B WA AR AR 22 57, R I AT IR 2 2R AR T
B 5y 5% B HAth 22 A 5 )

AT AL, FE AR 2R AN R AR B A 2K A A
(AR R B S AR BRI 22 5, HR AR B S r
A MRS IR RN . BRI, KRR R AR 5 e e R
T, 2B EEMEILFER S, S
ARSI BE , XE LA B RSO R . T K RS AR
R TP 20 ) A £ 7 (] — g 2R R B e AR R
an PR TR SR AL AN, L 5 S R AR 5 i S AR A
B O I S IR M 6 X KRB A R SR RE AR SRR A
I — S, 1 B R0 A o O o o, 7K e 3 o A
A BRI AR AR R, M 2518 5 RV R AR AR
GG AR o (EAHE AR, AR 2R A5 KA
FhtE FLAASA A F I R T3 b 3R 2 4 R 11 e O o f
ST TR T2 OB RN 12 5 B 40 ), HAE 4N BE T3
A 3R 3 R B 1 8 O o I Ak T R KR o AR B I
NI FE L5 AT, 7 5 2 T3 Ak B ) e K g L
R AR AR . (AR SE I ST AR AR,
TER AR 2 B Y e R AR B S A, T3 A B Y A
KSR BT CK(P<0.05) . T1(P<0.05) fI T2, iX
AT SR B P JE R RO AR s AN
P[RR P 1, i 2 R R 25 G e 159 2 e &
5. TIARHL S AT ARG RA—5, KR A 81
G REOT REAE Hh R s — O M A, R
AR R FITEWE K ST A F R TR
B 02 mg kg LF b F—DEARAI K- 1T

F 3% AT

1, RUIE it FH B A5 B el AR AR MEAE R 15 Gk PRI
SN RIS R REIR . ASHIESE AU Rt =X
XoF 7K A e Bk RO ol et B s WA -2 749 5 i) i A 700 25
PRI, Hos ma AL AT 75 1 — 20 AR o
3.2 BmKEHTRIEXKEREIZE R
R KRR IR K AR 2R 2R R,
IKREEEIZ RGN T, IR R Rl T KRR R
PN ARAR B2 20 KRR 28 X0 VR A WA AL AR Joia 38
SRR AR L E R s Re e TR
AR KA S, ZEr R s B 83
i M BE R Gk KPR 2, IUB 250 pl P A
SRR R FERL AR 0 FE SRR 1) B X AR Y i
H e I DE TR HR AR AR B A K R
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