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Effects of Soil Tillage Methods on Yield Components and Cadmium
Accumulation in Panicles of Double-cropping Rice
SHUAI Zeyu, GU Zihan, WANG Yuanyuan, CHEN Jiwang, CHEN Pingping, YI Zhenxie
(South Regional Collaborative Innovation Center for Grain and Oil Crops in China ,

College of Agronomy . Hunan Agricultural University » Changsha 410128)
Abstract: To compare the effects of different soil tillage methods (ploughing, rotary tillage and no tillage) on
rice yield composition and cadmium accumulation and distribution traits in rice panicles in southern double-
cropping rice fields, and to explore the optimal soil tillage method for double-cropping rice in cadmium-con-
taminated rice fields, taking “Lingliangyou 211”and “Weiyou 46”as early and late rice varieties, the available
cadmium content in soil, rice yield components and spike cadmium accumulation and distribution of double-
cropping rice under five soil tillage methods (double-cropping no-tillage, double-cropping ploughing, double-
cropping rotary tillage, ploughing in early rice and no-tillage in late rice, rotary tillage in early rice and no-
tillage in late rice) were studied in Yisuhe Town, Xiangtan County, Hunan Province in 2015 to 2017. The
experimental field was cadmium-contaminated rice fields, and the total cadmium content was 0. 86 mg/kg.
The results showed that the yield of double cropping rice was the highest in the treatment of double-cropping
ploughing, followed by the treatments of ploughing in early rice and no-tillage in late rice, double-cropping
rotary tillage and rotary tillage in early rice and no-tillage in late rice, and that of no-tillage in double crop-

ping rice was the lowest. The highest yield of ploughing treatment was due to the higher number of effective
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panicle and grains per panicle. (2) The cadmium content in panicle generally showed an increasing trend from
full heading to maturity stage. In the first year of early and late rice, the cadmium content in panicle at full
heading stage was the highest in no-tillage treatment, but no-tillage could significantly reduce the growth
rate of cadmium content in panicle from full heading to maturity stage. The cadmium content in panicle at
maturity stage was higher in ploughing treatment and lower in no-tillage and rotary tillage treatment, there
were difference between no-tillage and rotary tillage treatment, but they were different among years and seasons.
(3) Cadmium content in different parts of rice panicle at maturity stage followed the order of branches >
husks > brown rice. The cadmium content in brown rice was higher in no-tillage treatment in the first year,
but in the second and third years, that of no-tillage was lower than that of ploughing and rotary tillage.
(4) The cadmium accumulation in panicle of early and late rice was lower in rotary tillage treatment in the
first year, but it was lower in no-tillage treatment in the second and third years. (5) Compared with other
treatments, double-cropping no-tillage significantly improved the soil available cadmium content, while doub-
le-cropping rotary tillage decreased the soil available cadmium content. The three-year locational test showed
that soil tillage methods had a significant impact on available cadmium in soil, yield components and cadmium
accumulation and distribution in rice panicles of double-cropping rice in cadmium-contaminated paddy field.
From the perspective of ensuring the yield of double-cropping rice, reducing cadmium content in rice and
saving labor, ploughing in early rice and no-tillage in late rice was the optimal soil tillage method for medium
cadmium-contaminated double-cropping rice fields.

Keywords: double cropping rice; cadmium pollution; soil tillage methods; yield composition; cadmium

content; cadmium accumulation; soil available cadmium
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LY HEH 0.0975b 0.1634a 0.1331ab 0. 1389ab 0.1632a
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Gl 0.5684a 0.3743a 0.1773ab 0. 19982
G2 0.4701ab 0. 3202ab 0. 1860ab 0.1527a
L G3 0.4016b 0.2582b 0.1601b 0. 16862
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2015 Gl 0. 4920be 0. 4459a 0. 2688a 0.1990b 0.1763be
G2 0. 4914be 0. 4042a 0. 2778a 0.1831b 0.1577¢
W 7t G3 0.5317b 0. 3486ab 0. 26892 0.1954b 0.1721bc
G4 0.4301c 0.2930b 0.2902a 0.2264ab 0.2107a
G5 0. 6264a 0.4125a 0. 2770a 0.2765a 0.1948ab
Gl 0. 6004cd 0. 3662abc 0.3292b 0. 2399b 0.5299¢ 0.1921ab
G2 0.6713b 0. 4845a 0. 3466b 0. 2626ab 0.6672ab 0. 1883ab
L G3 0. 7834a 0.4451ab 0.3812a 0.2727a 0.6718ab 0. 2059a
G4 0. 6099bc 0. 2885¢ 0. 3546ab 0.2091b 0.7234a 0.1713b
G5 0.5364d 0. 3293bc 0. 3833a 0.2167b 0.6119¢ 0.1600b
2016 Gl 2.5173a 1. 0853b 0. 6362a 0. 4482¢ 0. 6422¢ 0. 4258b
G2 2.5620a 1. 2560b 0. 6043ab 0. 6978a 0.8411b 0.6381a
i F G3 2.9607a 1.7213a 0. 6057ab 0. 69932 1. 0449a 0. 6394a
G4 2.2913a 1.2773b 0.5249b 0.5999b 0.8445b 0.5741a
G5 2.2567a 1.2713b 0.5097b 0. 5809b 0.6481c 0. 57062
Gl 0.1679¢ 0.1249¢ 0.1172a 0. 0880d 0.0849d 0. 0608¢
G2 0. 2309b 0.1633b 0.1211a 0.1085¢ 0.1271c 0. 0867b
L G3 0.1332¢ 0.1720b 0.1321a 0.1265b 0.1050cd 0.0771ch
54 0. 0640c 0.1202¢ 0.1121a 0.1831a 0.2314a 0. 1420a
G5 0.4335a 0.2994a 0.1231a 0.1702a 0.1693b 0. 1380a
2017 Gl 3.0867a 1.7920a 0. 9286a 0.7253a 1.4853c 0. 6640a
52 3. 2480a 1. 7526ab 1.0027a 0.7513a 1.6627¢ 0. 68132
0 F G3 3.0560a 1. 9820a 1.0387a 0. 7847a 2.1427b 0. 6653a
G4 2.8901a 1. 3920¢ 0.9327a 0. 7547a 0. 9380d 0. 6687a
G5 3.0433a 1. 5120bc 0. 9013a 0.7311a 2.7467a 0.5407b

A 3 AR I 45 Ok B L 2015 4F L R R K 4R
SR et T B S e PR A A L B
2016 Fl 2017 4F B a5 0 A A K 49 1 = 2 DR R IR
K-, H 2016 4EM RS A 2017 4E LRSI 5K T HoAb
SALH, AT UL B AR R AE K L G B Ak B R ATORE K AR
1) L 5 T R
2.4 TEHEARWNABEEIRNENTN

HH 2% 4 AT, 2015 AF L 57 B 0 R A R B DL
Gl b3 &, o 0. 114 5 g/hm*, H &35 T H A%
AEFR . EBER WL LL G2 G5 Ab I A L B B
BEERIE G2>G4>G5>G3>G1, a3 Lk G1,
G2.G5 4bFE i 25 KT G2.G3 AbBR, . MR ARG ST R =
AN LL G Ab P 5 i HL i 3 K T HoAfth 45 b 1,
KhEm M BEERR N G1>G2>G6G4>G3>G5,

B DL G3 b B H 5 A 4 b ) 2% g 2

2016 AF R AE SR K P BB A R R D
G1 J5e sy B 358 1 At 4% 4b 29, 5% A 10 2 3 0 b 1
DL G2 iR R, R P IER R HERA N G1>
G2>G5>G3>G4, Gl A4 G2.G3.G4.G5
b3 14,14 %,43.52%,43. 21%.,31. 15 % , )R 20351 LA
G1.G2.G3 4bF § F T GA G5 4b3 , 1 R 57 F D
MR G4 AP G5 A3 B T G2 4b 3,
G2 AbH B T GL.G3 Ab P, SFR 23 b i
DL G4 b B IR R K, VEIR TP HILL G4 bR S T
G2 I G5 4bHE, L G1 Ab B AR iAW L G2.G3>
G4.G5>Gl, HER W #,

2017 AR RRE SRR B AR O iDL G3 I e T
b Ab 38, DL G5 Ab B e AR, 55 B 2= E K T I



354 KPR R

% 33 &

G2 A BSE IR ok . BES LA G2 Ab BRI 2 T
oAb 21, DL G4 4k P H AR, OGN DL G5 4b BRI
i T HAB A AR B, LG AR 2R 25K T At 4% Ak B
WA 5 RS0 L OB R I X LU G A B e HL IR
FHAL A AL, FFR E R B SOy G3>GA>
G2>G1>G5, A L G4 G5 b H i 2 & T Gl

G2.G3 4b 3,

Zig AR AT RO E B G3.G4 Ak PR GR
FREAE 2016 4EH 2017 4E A% G2 4b HRR % 3R A
T3 AR — AL TR K 5 M A R AR R AR (R 2016
AEH 2017 4 G 4k B85 b T AR K SF- L 5 B 8 B

THRTERE T BB WA A .

x4 TEHEARAWNABEEENENE N A g/hm?
0y =5 iy 34 Gl G2 G3 G4 G5
FF A 0.1145a 0.0626¢ 0.0632c 0.0812b 0.0759b
LY HEH 0.3696¢ 0.6351a 0.5075b 0.6272a 0.5786a
2015 L 1.4813a 1.3105a 1.1827b 1.2238b 1.3503a
FF A 0.3899a 0.2774c 0.3120b 0.3107b 0. 2665¢
e i HEH 0. 8169a 0. 6552b 0. 5690¢ 0. 6275b 0.5135¢
L 1.5309a 1.6135a 1.4178b 1.5499a 1.5648a
FF 0.3713a 0.1347b 0.1393b 0.1193b 0.1172b
L] HEH 0. 8039a 0.7043b 0.5601c 0.5616¢ 0. 6130c¢
2016 L 1.3543b 1.5636a 1.6605a 1.3738b 1.3883b
SR 0.5410¢ 0.9902b 0.5326¢ 1.3299a 1.3663a
e HEH 1.5651¢ 2.3771b 1.8256¢ 5.0840a 2.6575b
L 4.0790¢ 5.8923a 5.7100a 4. 9866b 4. 8735b
FF 0.1910b 0.1939b 0.2926a 0.1805b 0.1632b
LY HEH 0.6963b 0.6723c 0. 6384c 0. 7344b 1.3221a
2017 i8] 0. 8426d 1.0344b 1.1566b 0. 9437b 1.5557a
FF R 0.9118¢c 0. 9883c 1.7328a 1.5290b 0. 8526¢
W A TR 2. 9608bc 3.4386b 6.5788a 6.2120a 2. 2441c
L 7.4425h 7.6127b 7.4729b 8.6781a 7.9732a

2.5 TEHMEARWNIETRRSENT M

M 5 AT, A AU & A T IR, R
PRS2 e 1G5 v i e, 2015 AF FURE R E S
O LS, GO AL 3 T A 45 b 21, G2 b F iR
ZPREM) G1 Ab PR W5 T G3.GS Ab B, R Gl
AER T A A A B, AN G Kb R
T G3.GA.G5 b3, BRI G4 b, GL &b
AR, 225 W% .

2015 AF MR . G1 &b 30 4 AT 200 B 57 BN IR T
G2 b3S, HoAh £ A= B W ¥ fe v . Horh 43 BE G
N 0,435 4 mg/kg, B3 T H A& LB, Al
W1k 0.540 4 mg/kg. 535tk G2.G3.G4.G5 4b 35
146.75%,163. 6% ,143. 09%,389. 49% . F5HHil L)
G2 hh PR EH T Gl AbBE.G1 40P B 3w T HAb &
b, RGP GL.G2 2R AR E . HWE L ES
THA 3 N FE, RN G4 LB AR Ry 0,350 7
mg/kg,G1 ZbBRYR Z .24 0. 342 7 mg/kg.

2016 AR LA H i s e AR B I DL G b
BB L, G1.G2 M B E R T G3.G4.G5
bR, ZEFEM G1.G2 Ab PR S T G4.GS b,
G3 b RMHEYS G4.G5 bR 5%, FHl Gl

AbFEH 0.613 7 mg/kg, H 3 K FH A4 4b B,
P GL Wb PRI 2 FE B = o 0. 649 4 mg/kg, Hb
HoAh & 4b B A4 90 100 63%, 56, 70% , 60. 86 %%,
27.15% . HUE G1.G5 b Pt 35 5 T Hofh 45 b 2,
2016 4F MRS - HEA WU o BER T I B DL G5 Ak
A, H 5 A A b 3 22 S5Ok B B E KO SRR
PLGL Ab P f s . HER TPILL G Ab B i & B W3 =
F G3.G4 kb, B RGN DL G1.G2 b3 T
4 AR R L LA G5 bR AR H. 2% 5 B % .

2017 4E + 34> 0—10,10—20 ecm | F 2 )2,
3 00 RO . B 2R RN A R
B BRI, ELLL G ARSI R B e B e R, I MR e 22
R W P R G OAb BERS VT Al Ak B
A AR R 2 )2 RN GL AR, B G &b
FLO—10 cm 2 0 1 0 2 T4 b .
Hh G5 R FRAEBEZE 0— 10 em + J2 4 306 & W] b #2
B EIIEF] T 0.739 9 mg/kg. ALK F G1 AbFE,

SRV J TP B AT A I R R AR aX 5 Y
AR S R KA 6, B 10—20 em 2
RO TG 2 22 . WEARS 10— 20 em + 2 R
G1.G3.G5 h#im 25, HR ¥ & T G2.G4 b3,
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Ziey SRR A RORE BHME T AW R EUE T AR TR AT Al AR B, WU AL BT R
THMAMER SR, FAEFTMZEABEIM—E & AR i SRR A B AR T A AR
i RE A8 A X AT RE SR R TR K AR A S TR B A A BN R A R 5 e S LA o
o 2 A A RN e PR AR PE B pHLER A BLE S — 2B HESE.

x5 TEHEAXNBEHLIETIREENTMN A7 mg/kg

G TR BB/ cm Z= 5] Ib B 43 BE A 2 B F 1 SR %8
Gl 0.3652a 0.6425a 0.2968b 0.4373a
G2 0. 2858ab 0.4095b 0.3622ab 0. 3889ab

A G3 0.2806b 0.3151b 0.3832ab  0.2986¢
G4 0.2937ab  0.3213b 0.4384a 0. 3344bc
G5 0.2680b 0.3957b 0.3334ab  0.3524bc

2015 Gl 0.4354a 0.5404a 0.4297b 0.4851a 0.3427a
G2 0.3338b 0.2190b 0.5347a 0.4729a 0.2559b
Wk i G3 0.2643cd  0.2050b 0.2191¢ 0.2484b 0.3181ab

G4 0.2531d 0.2223b 0.2305¢ 0.2820b 0.3507a

G5 0.2966¢ 0.1114c 0.2167¢ 0.3136b 0. 2545b

Gl 0.5886a 0.6049a 0.6137a 0.6494a 0.5112a

G2 0.5638a 0.5929a 0.4788b 0.5870ab  0.3376b

A G3 0. 4339b 0. 3438¢ 0.5111b 0. 4144c 0. 2665¢

G4 0.3826b 0.4780b 0.4936b 0.4037¢ 0.2881c

G5 0.4076b 0.4442b 0.4225¢ 0.5107b 0.4835a

2016 Gl 0.3724b 0.1432b 0.7791a 0.2938a 0.3309a
G2 0.4208ab  0.1315b 0.4002b 0.2265ab  0.3260a

1t G3 0.3924b 0.1140b 0. 2846¢ 0. 1586b 0. 2586b

G4 0.2482¢ 0.1399b 0. 2144c 0.1906b 0.2008c¢

G5 0.4525a 0.2132a 0.2463¢ 0.2255ab  0.1854c¢

Gl 0. 7480a 0.8537a 0.8301a 0.4920a 0.5645a

G2 0.5323b 0.2270c 0.5112b 0.1338¢ 0.3747b

0—10 G3 0.3940¢ 0. 3358¢ 0.3968¢ 0.1312c¢ 0.3920b
G4 0.3657¢c 0.4807b 0.5367b 0.1151c 0.3123b

) G5 0.3557¢ 0.2773¢ 0.5727b 0.2112b 0.4018b

I Gl 0.4155a 0.3458a 0.4608a 0.1767a 0.1020a

G2 0.3730b 0.2972a 0.2075¢ 0.0473b 0.0697a

10—20 G3 0.2743¢ 0.1633b 0.1623c 0.0790b 0.0512a
G4 0.1915d 0.2068b 0.2075¢ 0.0465b 0.0945a

G5 0.1780d 0.0985¢ 0.3462b 0.0571b 0.0712a

2017 Gl 0.7647a 0. 8059 0. 8608a 0.9525a 0.9721a
G2 0.3811b 0.5457b 0.2959d 0.6138¢ 0.6249¢

0—10 G3 0.3740b 0.4748¢ 0.6719b 0.6237¢ 0.6148¢c
G4 0.3198bc  0.5714b 0.4205¢ 0. 4305d 0.2997d

B G5 0.2180¢ 0.5281b 0.3683cd  0.7043b 0.7399b

B Gl 0.1982a 0.2608ab  0.4075a 0.2708ab  0.4058a

G2 0.0748¢c 0.1855d 0.1917d 0.2828a 0.2962b

10=20 G3 0.0913c 0.2368bc  0.2497c 0.2632b 0.3771a
G4 0.1258b 0.2222¢ 0.1734d 0.1789d 0.2436b

G5 0.0709¢ 0.2757a 0.2766b 0.2431c 0.3548a
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2.6 TEHERKXNLE pH BRI
2017 AEHE I T 8% pH AINE 73 (010 em)
TA0—20 em2 JZ. 1 ALAL AR R 2 pH B
MR T TR, AT WA MEE. TR LR
HH I Bl b TR B, B U S B AR HLI AL
7 -

TR 254 B E TT i I (pH 6. 12) A7 1L,
TR, UL G B T M oy R, hiE 2
AIAN, 2017 AR MRS 4% pH B G3 2b B |2 434,
BEA: AR A R B T B 3, DL G Ak FERR b
AR . TR pH R T L2 L.

BRI O Z#H B FEs B BEER+H O R
6T r - ] = = = [
= = TE|| FE RE
5 e = i 4 e Be=E
a%= - - =
S E [ 1 — -
= * [PERE - 14 £ BLE
B i= B 4 E adE
o - - 5 - Be=
37 E X o E
E - &% E ]
2 H £ = 4 E =es
— - 1 — Fo5
= - -hd - e
1 F = :: : H ‘:‘
o — - - 1 e - EH] -
Glk GIF G3Lk G3F G4k G5k G5
a #®
B 1 2017 F£ 25 1% pH
B FEH B #EZX+H

s
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G3TF G4 L G5T

i B

B2 2017 FREFE L% pH

3 Wwhshie
3.1 EMEFXNKBFEER T EMA MM
TSR T AR KR B AR R . A
FEA W] L DA g XU ™ B JEE 1 R U R A
LRI S XU G i XU B R R T . AT
FEH R TR B AR I L K B B e
AR IR 2R B TR T = . S AR AR S —
b g AR 9 5 3 B A [ N A A R AR A B
HX T RABFRE IR m ™ A il 22 2L F B
FEARW] 5 BB LE . S B Ah BEA SRR 45 S R A
BFFE. XS AREERME, R CE IR A
B BB B 7 A AR A A Bk b B LR A
W B BE R U 2 S bk b B A AR L PRS2 B A A 0k
BRI R B SR R WA T TSI B B ] Al
TERIRE ™ . WS e R L S Bk e i o K A A A
PRI RS = . AR U R e B4R
AT L e PR B 2 R R v R R R SR
i, BEE S BRI ] B SE R (4 R L)L B R ETT IR AR ES A
MRS T bt . At & B S e b A5 P K
R i R BOR B . T L A ORE AR 7 6 25 DR

NS R EibvioE e ke 7/ (E W
3.2 tEMEAXNAKBEERESERRRENZM

ARG IR AIRIT T YR A 07 SO K (14 58 5
o R R KB R RO > R > 48 58 B
JE SRR >R IR X A SRS R 2

2016 4F [z 2017 4 A B 5% & A X T 2015 4R
AW AR T AT RE R Y TR R AR T T HER TS
Qe Wy ot HE B L R UL R 1 O 2l A R s B B
2017 AR A REREGR 5 & K R AR EE A BT R AT RE 2
7 2 IR TR S I 3 i 6 2 W A A T Ak R 3 UK Y
PRI T 7K 2% A e 0 35 A AR R X B R IR i . AR
IR A5 R K . G B b PR AR T X A A A R R
ROBEK R S B VR BB B AL BER T R Y R
L P OREOK T R B A VDR IE XU A A B
R R i 5 1 5 R AT A TR A B A G S
JIE 5 7 Yl A T XU A 1 e G S A O 5

3 JER A T K R R AR AR D9 Y IR Wi e 12 32 22 A A
RS S WK R R b 9 B A L R ADTRE B
VER KGR HE S . W T 26 6 B e R T, B3R O X
X E G R AR KRR — 2R AT RE A . 7
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SOBRET BT & B BRI 32 225 0—10 em #f
JZ SRR AR U] G B ol 45 7K R A R R0 R R
RE 0 i (F S S 0 1) R 5 AR T R R L X
A SR —E A KRB R A A
o8 R T R AR L S BB AN B A 2 i b e
I AN KBRS AT AN I 2
AR i LT R BB A B - e R A
PEAWY L . J DR AT R R 1 OB AF T R I ek A AU
i FON R & AT 0 H R A B A AR i
AT . AR 2R AFE S R B A LB X 4
AW TG AR AL & R S R i
0 3E IEAOC G A 2B AR S B - AT WL 5 35 Jie v
HegtEAMmE SR/ MEZHNRZ. oA
pH 5+ HEABURA L R E M T RERHFT. —BOA
o pH 5 AR 2 B E AR . AR,
G BR AL B A+ R AL L X B SR AL B A AR
B REPIENZ o 25 b ARSI K 5
Ab BRAR T BB OBE B AL PR B T £ 0—10
cm BFJZ 58 09 A R L 5 G [R] I BELAS T 6 1 BT A
(R RE 1 - 10 BB e Ak R0 2 1 4 1) B R AT RS

Rk
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