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Abstract: [Objective] With the extension of mechanization and large-scale rice production mode, late harvest of rice grains brought
by improper weather, conflicts in using mechanics and drying facilities usually gives rise to severe yield loss and quality
deterioration, which has been deeply concerned by the farmers and greatly challenged the middle and late rice production in China.
On the other hand, cadmium accumulation in rice grains has become a top food safety issue for breeders and producers. Flooding
irrigation can effectively reduce cadmium content in rice. This research aims to select PMS (post-maturation sustainability) and low
cadmium accumulation rice varieties by continuous flooding irrigation treatment. We expect to establish an effective evaluation
system for PMS, select and utilize rice varieties with both PMS and low cadmium accumulation for production and research.

[ Method] Continual flooding irrigation were carried out in the experimental field during booting stage to yellow ripening stage in
2018. The mature plant lodging, seed dormancy and grain shattering of the 244 materials from China were evaluated through field
observation and data investigation after ripening. The appraisal time and value of PMS rice varieties were defined using significant
analysis. The 1000-grain weight, milling quality, appearance quality, gelatinization temperature, gel consistency and amylose content
were tested for PMS rice. In 2019, 132 rice varieties promoting in Hunan were evaluated and identified using the appraisal time and
value of post-harvest lodging. 1000-grain-weight were investigated between flooding and dry-wet alternate irrigation. The yield and
effect of cadmium accumulation reduction of PMS rice varieties were tested in demonstration paddy field. [Result JThe threshold for
PMS was optimized as follows: lodging resistance is defined as the angle between rice stalk and vertical inclination <<45° at the
14th day after maturity; rice shattering <<5.0% at 7 days after maturity; and spike germination rate <<10.0% at the same day of
maturity. 21 PMS rice varieties were obtained in 2019. No significant difference existed in 1000-grain weight between flooding and
dry-wet alternate irrigation, and also in yield in demonstration paddy field. The cadmium content of brown rice in flooding irrigation
was lower than 0.20 mg-kg™, which is significantly lower than that of dry-wet alternate irrigation management. [ Conclusion] PMS
rice varieties can withstand long-term flooding irrigation. There is no significant effect on yield and quality in delayed harvest after
maturity. Application of PMS rice varieties in mild and moderate-level cadmium contaminated paddy, safety production can be
realized in combination with flooding irrigation.
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Fig. 1 Varieties frequency of lodging angle at different harvest-time after maturity
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Table 1 Grain percentage of several harvest-time in 2018

AR BJG RE Days after mature (d)

Catour) 0 7 14 21
FFEIR # Late-maturing middle-season (%) 5.75cA 6.68bcB 7.88abA 8.46aA
—ZEWiF5 Single-cropping late rice (%) 4.83bB 7.95aA 7.29aB 7.34aB
M FE IR 24 Late-maturing late rice (%) 5.36bA 6.74abB 7.33aAB 6.31abC
A% Hh 24 Middle-maturing late rice (%) 5.42bA 7.14aB 7.51aA 7.35aB
“F-¥) Mean (%) 5.34b 7.13a 7.50a 7.37a

AN NG R IR IR — B A 7] R R AR R) 22 512k W 2 KT (P<<0.05), AN i) K S - BER TR 7] — B 5 RBOAS [R) B ) 22 38 W 25 7K (P<<0.05) 6
T

Different lowercase letters in same line indicate significant differences in days after mature of the same ripening group (P<<0.05), and different uppercase
letters in same column indicate significant differences in ripening group in the same days after mature ripe (P<<0.05). The same as below
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Table 2 Panicle germination rate of several harvest-time in 2018

A5 JREE RE Days after mature (d)

Sy 0 7 14 21

P FE iR #4 Late-maturing middle-season (%) 19.95bB 32.11aB 33.15aA 35.40aA
—Z= I Single-cropping late rice (%) 21.10bB 32.82aA 32.02aB 30.41aD
[ 53R #4 Late-maturing late rice (%) 21.17bB 33.07aA 30.85aC 31.55aC
%% 7 34 Middle-maturing late rice (%) 22.15bA 30.11aC 31.82aB 32.44aB
P-4 Mean (%) 21.09b 32.03a 31.96a 32.45a
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Table 3 Quality performance under continuous flooding of 244 rice isolates in 2018

BRERE  REKER OBKR  BEKkER KRl ZHE BWE TERR  FHE BWHE — ERERhSR
Days after Brown rice Milled rice Head rice Length-width Chalkiness Transparency Chalky grain  Alkali  Gel consistency ~ Amylase
mature (d)  rate (%) rate (%) rate (%) ratio (%) rate (%) value (mm) content (%)
0 79.80a 69.91a 53.73a 3.50a 0.78b 1.52a 6.17b 6.15a 74.02a 16.65a

7 79.75a 69.35b 47.37b 3.47a 1.03a 1.45a 7.90a 6.06a 73.07ab 16.57a

14 79.76a 69.26b 47.93b 3.48a 1.16a 1.59a 891a 6.06a 71.91bc 16.56a

21 79.43b 68.96b 46.42b 3.47a 1.13a 1.52a 9.04a 6.07a 71.35¢ 16.63a

BECGRIIE K, B B S B e & R
A HRGS BCRIRE S I BRAS (E38 48 6 L L
FEEHA JSE A B 14 d S b2 BRI, LR [ EUARE Bk ] A
A PR AR EE S 71 mm.
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Table 4 1000-grain weight of several harvest-time and irrigation management in 2019

A5 F-BZ# Dry-wet (d) ¥ 7K Flooding (d)

EE 0 7 14 21 0 7 14 21
P 5 iR 24 Late-maturing middle-season (g) 25.38A 25.02B 25.20A 25.60A 24.66B 24.61B 25.20B 24.85B
—ZEIi % Single-cropping late rice (g) 23.27B 23.56C 23.80C 23.79B 23.32C 23.59C 23.59C 22.84C
B FE IR 24 Late-maturing late rice (g) 22.53C 21.95D 21.54D 21.78C 22.33D 22.07D 21.63D 21.69D
A8 i 24 Middle-maturing late rice (g) 25.37A 25.46A 24.78B 25.44A 25.80A 26.61A 25.63A 26.41A
V44 Mean (g) 24.34 24.32 24.33 24.98 24.25 24.29 24.56 24.56
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Table 5 PMS rice varieties in 2019

2451 Y BRI MR HERLR
Group Variety Max gradient (°)  Pre-harvest sprouting (%) Grain percentage (%)
PR 2 Witk 1316 Liangyou 1316 <30—45 9.89 0.58
Late-maturing middle-season Witk 1308 Longliangyou 1308 <3045 3.56 0.91
[ Wifl 1813 Longliangyou 1813 <30 6.06 0.69
[ Wifl 1988 Longliangyou 1988 <30—45 9.11 3.08
Y #i{k 800 Yliangyou 800 <30—45 9.11 0.44
Hift 4949 Yongyou 4949 <30 5.93 0.69
#Pifh 332 Yunliangyou 332 <30—45 9.02 0.63
Y Wik 372 Yliangyou 372 <30—45 9.75 0.04
— AR C Witk 258 C liangyou 258 <30—45 4.99 5.24
Bt s C Witk 755 Cliangyou755 <3045 337 0.25
EWLAE L Jingliangyouhuazhan <30—45 9.15 2.28
S 641 Jingliangyou 641 <30—45 7.15 1.19
FE#{L 1212 Longliangyou 1212 <30—45 9.43 2.17
Fiff 1538 Yongyou 1583 <30 5.11 0.71
A 4149 Yongyou 4149 <30 8.25 0.04
#4E 5 Huanghuazhan <30—45 7.41 0.27
Wi % Late-maturing late rice ZAPIYL 1212 Jiuliangyou 1212 <30—45 9.13 2.94
R FE 2 MR TELE AT Jiuliangyouhuanghuazhan <30—45 6.96 4.17
Middle-maturing late rice BEALF i Taoyouxiangzhan <30 3.06 355
&7 42 Nongxiang 42 <30 7.51 4.30
A8k Bancanggengnuo <30 3.09 0.00
& 6 2019 £ PMS /KFESFHLYCN =
Table 6 Yield of PMS rice varieties by mechanical harvest in 2019
F VEWRE B SEUTH R ERERER SEREKE ar-g
Variety Irrigation management Area (mz) Grain weight (kg) Water content (%) Yield (t-hm'z)
B {4 #% Dry-wet 479.78 364.10 22.77 6.78
e e 57K Flooding 572.70 472.60 24.57 720 NS
PR A T2 Dry-wet 579.80 506.80 2223 7.76
Jiuliangyouhuanghuazhan s i p1o0ding 470.29 409.10 24.83 7.56NS

NS: [l A K 5 T A 8 2 [ ) 22 R B2 KF (P<0.05)

NS: Indicated the difference of cadmium content between flood and dry-wet management was not significant level (P<<0.05)
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Table 7 Cadmium content of PMS rice varieties in demonstration paddy field in 2019

Hus +3 pH THRSE E Lo i VEBEE I Irrigation management
Site Soil pH Soil cadmium  Seeding time Variety #7K Flooding F AR Dry-wet
content (mg-kg'l) (M/D)

BT 53—6.9 0.21—0.46 06/04  BEHEF Y Taoyouxiangzhan 0.05* 0.33
PRI AR E4E A7 Tiuliangyouhuanghuazhan 0.01%x* 0.26

&7 42 NongXiang42 0.09* 0.79
B 5.0—5.2 0.35—0.41 06/20  BEHEF Y Taoyouxiangzhan 0.06* 0.49
b AT 4E T Tiuliangyouhuanghuazhan 0.03** 0.49

AR F 42Nongxiangd?2 0.05* 0.35
LB 5.0—6.6 0.40—0.62 06/10  Bk{iFr i Taoyouxiangzhan <0.01%** 0.34
Qingshangiao AT 4E T Tiuliangyouhuanghuazhan <0.01%* 0.33

R 7 42 Nongxiang42 <0.01%* 0.44

PRI AT B KA B TR A 2 AR B 22 A B KT (P<<0.05), **FIRIABE K (P<0.01)

*indicated the difference of cadmium content between flood and dry-wet management was significant level (P<<0.05), and ** was extremely significant level

(P<0.01)

2018 SES NS L 1) 244 NS R , A0% e B TR
AR TEET 455 Fh 19 4, 7 7.79%; (84K & R i
AR R P T R RIS S 1 8 AU E] 10 H AU, R
WBCE A, R, R AR D . EASE R
&, 2019 4, FRRJEE 0 KA 9 ANEAMEIR AR T
1600, I, 3 MU ELETIRAK S B
XA RE S WK AL EE /KRG 3. 4 T 2EFPHLARAL 21540
L B LK B 1 A BT s i S g
A1 X B KT AL B R KRG ZEFFPUBIR A O 1 o
MR HEAT T 00T A TR A, WK AR B T
TEFF IR 25 R BRI RSB A 135.3%, HEJE
it 0.35 mm, RILHTGOLEM Iy Eae. (A
W E N, T8 A B R T /K AR A 0 v i
FRA, 25 1795 (N1 . 2527 (N2) KL,
LY 1 T = [ O N T il 1 71 O O 71 K 2 N
T K EME AL B R . ABIESE v, M K R AL FE R
BORHEARA KT 2, AE 780 R B AR B K R LAl
By RFPK)Z 5 em Ay, KRG AR e D 35 5 1) Js
KT RE 5 3 K- P AL B, gk — B IO LA S0 17
AN

PERLE 5 59 0 I AR WOER IS 7 £ (R 408 2 PR AN [
M CENUBRAEN I RE A, ) P8R0 R St i 2k 28— M
8% —10%, Zy FEF = AFWC MEVERLEL i DA M
T, 2505 s ERR, BREN
4%—5% ;T A5 B A o VR R 2 BILIC A Ok R 4
3%, AHTTH, KTERLER S (e 5%, 8

TARTERLRTE R, X T WSRO R 2 i
fICE#E .

- GIp  R UN N S 8 P LR T 5 6 WS-
(AR RPN, R PR SR ARIR A R 7K R S R
Gy AR B IRIRERPE, BRARIRYESS . IRHRIA
(7K e b P o) & AR A B R 20T, i N9 45 SRR W
Sy R 1) /KRG b 138 B il s SN, TR
Jalls PURT KR S PR I L Y i AN A R AR
e PR AT, RhPARBRFT T A, A7 e R R KA
HORAR, WRAEDEE. L WA, A3 KRl A
T =7 R R ol B At ot v R A2 1) F A D208, i
BERE 2019 AEAKFE L IR YT U] (s B
UK 69.1 mm, A% 2018 4F7 65.9 mm; PRI E
KT 20°C IS TAIHER T 7 ds M RREETE T R KIS 20
d, k2018 42 th 9 d; XLET] BEJE 2019 AU 2 H
[F) AR R L 2018 AF DB o 1 R RS R — 2R A
ARl 1] R T 25°C IR B T I R IR R e
FNEH, JLR LG AT A IS e 11 Jirt DRT D00 A4 B0, 7 3k o) At
BT IR 22000 AR AR 45 M BRI
] LA S A0 FRERBE IR G, 02 48 K R R 1 AR
QTL A G (Wisifl 5 220, A4S RET 7 1H (0T 7 A7 AF
VF 22 0] 80 ANANONS 7R ol 5~ R B A2 AR A i 1 5 DR 4
A7 AE G BT SR e/ S Al 5 ¥4 chse
HE o AT I Y A EUORE RS 5 0 RAR AR IR ARHIRAE
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FERTT, 2018 AEANKE T ORI HEAT T 4047, JiAth
S P R 1) DR 3 A SR SRR B R A T A
{H 2019 4F PMS /K& it Bl s 0 N = 1l 45 R 1w i, s
KARHE . FERWCRRESLBUKRE = B0 2 A= i
Biver i, AW S e i, SR AR R 1)
FEFFAN S T 52 R8 G A M . X nT A AL IRk ZE WU 1R
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GA Ko KRB G0 FE CEVEN . TR AT
S, EAFRE— DS
3.2 HBIKEEMRE

YK AT 0.012%—0.067% 147 £ 2 1) Fa ok
R UST HE K HET fi E  PRAR A AR B AR Y 1A S
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