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Table 1 Rice varieties mainly cultivated in the middle and lower reaches of the Yangtze River used in this experiment

%i* Number SR FR Varieties %*7 Number AR Varieties

1# SHPIEAE Y Jingliangyouhuazhan 304 & Wik 508 Fuliangyou No. 508
28 FEWIflL4E 5 Longliangyouhuazhan 31# EaPIHE 534 Jingliangyou No. 534
3% B Witk 268 Lingliangyou No. 268 32# FEMIf 534 Longliangyou No. 534
4% CWifl4e i C Liangyouhuazhan 33# Wit 534 Quanliangyou No. 534
5% ZEfL 221 Quanyousimiao 344 Wil 534 Weiliangyou No. 534
6% ZEPIE24 1 Quanliangyousimiao 35% 4681 Quanliangyou No. 681
es R 24T Huiliangyousimiao 36+ B Wiflt 801 Kenliangyou No. 801
8 HAEMZTE Wuyoujingsimiao 374 ZEf): 822 Quanyou No. 822
o 21 F 44 H Hongxiangyousimiao 38# ZEWII 851 Quanlaingyou No. 851
10 B 22H Yunliangyousimiao 394 ZE:879 Quanyou No. 879
11# EMMIf 221 Liangliangyousimiao 408 BHE 898 Huiliangyou No. 898
125 2SR 241 Quanyouefengsimiao 41 Y Wif 900 Y Liangyou No. 900
13% AW R 221 Huiliangyouyuehesimiao 42 FFif 916 Fengliangyou No. 916
14% MG i Xinganxiangzhan 43% Wi 982 Huiliangyou No. 982
152 TP 9 Hr i Yueliangyoumeixiangxinzhan 44+ FEPIf 987 Longliangyou No. 987
162 255 15 Huidao No.1 45% BUWifl 996 Huiliangyou No. 996
17# 214% 1% Hongnuoyou No.1 46% FEWIf 1187 Jieliangyou No. 1187
18% FEWiFH—% Fengliangyouxiang No.1 478 FAIPIIE 1189 Jingliangyou No. 1189
19% w25 Jiafengyou No.2 48% FEPiff 1212 Longliangyou No. 1212
20% 2R 5% Hongliangyou No. 5 49% "4 1361 Zhongguyou No. 1361
21% BWif: 8% Changliangyou No. 8 50 FAWIE 1377 Jingliangyou No. 1377
224 SPIfEA 11 Liuliangyouxiang No. 11 51% FEPIff 1377 Longliangyou No. 1377
23% FWiff; 16 Xiangliangyou No. 16 52% Y Wit 1928 Y Liangyou No. 1928
24% Y Pifl; 17 Y Laingyou No. 17 53% 4EPif) 2817 Hualiangyou No. 2817
25% #1768 Hongxiangyou No. 68 54z AEWI 6516 Hualiangyou No. 6516
264 E4k 73 Hanyou No. 73 554 JEMALHE 5 Huiliangyouhuazhan
274 AEWil 261 Huazheyou No. 261 56% JeWifl; 1137 Longliangyou No. 1137
28% Tt 308 Wuyou No. 308 57% J"Wiff 35 Guangliangyou No. 35
20# At 336 A Liangyou No. 336
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The same as follows.
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Fig. 1 Grain yield of each rice variety

22 MHREMMHNFESERE

FEF R (12 OB, 45 8 B B Rl 2 2550
96 %6~100% , 2 B FET- 538 0, KR (12 °C) 4b 3
J& 4 R ] R R ZE SR B AT R A A
ES TR HRLE0~100%, F3 25% s S i FE T
RIE0~100%, F¥41% (E 2) o 4 50K Fp 7 & 2
R OGHFET R SRR AR A B, K2 43 A i
Vo R VI VA BURR R P VR BB P 4 2 A
(FE2B.C) o MakSh % IR T SR R 17 22 5%
A H SR BT ¥4 i 7 i R 4T I 22 14 (9%) FIvA fUERAIR
PRI RS 15 (16%) TR 2emhss .

FEARIR (12 “C)ALFE R | ¥4 Rl (9%) Y 4 S
=% R 0%, % HUR S A (168) A B L T-F N
10096 5 Tirf 4 it Ff 10 1y b 350+ B i At Pk £ b
(1) 5t W 3 i T RS R (R 4R a I A
P A g 22 5 (I 3A~D) . 7EHR IR (28 °C) 4
TR T AR RN B (MDA S R B 5 T
VAU b s PRI (12 "C) AL BRT 5 4 & b AR
Bt E ALY EE (POD) i 7 M 3% i T2 U A

Ffr, H 2 b 38 R Ak 0 B AL T (SOD) 9 76 44
MDA F) & it B E TR RS A (B 3E~T) . 5%
T AH B AR A B ¥4 R AR o SOD FiT POD 16 M
LK B35 SOD 16 P F MDA 55 4 4728 Ak 7 13 247 /N
TR Al (B 3E~T) o AT UL, TR ¥4 i R oot 0 L8
3 725 A F9 JRS R RS2 7 B L 4 R MR 2%, Kot
R EAT S S T
23 MIHSEMMHHNFESEE

-t Fe” AN HRS 45 SRR AR K A2 B B R
HW B FR A B 25 /IME N 0.01, e K
{4 0.58, F A 2 0.24 (I 4A [C) o K08k 75 45
B AR = R DU 4 W AR 22 43 Rk e e
BRFFM™ AR R 7 kT BG4 R SR (&
AB) o RHkSl Mo Wk T AR R 25 5 A
r e BT 2R 25 o A A B AR 534 (34% ) Tk # f0jak
7= A Rh 250 822(374) I F IR 29t .

++Fe* T AbHT i WV A% EE E AR (348) AR K
FEAVFIR Z2 40 RS540 F 02k B T UL (37#) (&
5) CKAMET Ml 2K 7E 35 it b I 42K 2 5 UK



40 LRI I NI <3 4 544 3

10 ¢cm

it Fh4i S Number of rice variety

100+ : 100, . : 3
H 0” i
£ gof * .. 80f S P
S . e $°
5 S I o= !
%2 g0l o LN 5 6o} o
t ) ¢ 5% ot
R E ! S *
W g 40T o et e i
=R W S L e |
Ryl IS $)
! * H ® e *
* e & 1
(} 1 1 I:e ‘ 1 ] 0 00 ‘ : ‘ ‘
0 20 40 60 80 100 20 30 40 50 60 70 80 90
FERL™ Hi/ (e/plant) Grain yield R Hi/ (g/plant) Grain yield

B2 REN2C)RET, ERMAPERFTE (A)RMFLFE(B) HEELTE(C)SHN~EN TS E
Fig. 2 The growth phenotype(A), quadrant plot of seed germination rate(B), seedling mortality(C) and grain yield
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under CK and ++Fe” treatment
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Fig. 6 The biochemical parameters of Fe**-tolerant variety (34#) and Fe* -sensitive variety (37#)
under CK and ++Fe* treatment

= O

24 THASERMHNHESERE

- Mn® T ARBR S £ SR A K 52 30 B E
HAR S FERR A B 25 /MBS 0.00, i KA
H90.64,FHME M 0.34 (K 7A .C) . Kb E 185
KR = AR DU 43 &, TRE 2 43 A i 4 2 o 7 T A
I Al o BOER R  R EE RUBAIR ™ 4 R 2 (A
TB) o A Ak K A B T S AR A A 22 5, R
B I 75 7 R R T 1 534 (324 ) A FE AUERIR

7o AP 22 1 (78) F TR 2o

+Mn® b B T R AR (323) B R K
FIUHIAR AL BUE 0 T4 75 35 S dn b (72) (J&18)
CRAMET , Ml 5l 2 3 il (32#) 1 25 35 SURK A b
(78) A bR AR R B2 1 B AR IS AR
o b F T B T 28 5+ M AR BET i
TEH AR AR BRI R AR R WA AR AL
R R TR A R A (I 8C~T) .



%51 A A VLR U S AR AORE I B A 2 5 R 1 T L S 4 e 43
0.8
ab
ﬁ be abe abcabc ab
L bed
=] g 04 , Cdbcd Cb d I
gz > d g d9
A .E‘;l-}rl:‘l§ 04t T e de T ge de 4
Wy [TTTTTTTTTTTTTTTTTTTTTTTTS i T EREET
e = ¢h
W . pihip h
= 02 Chi g
= i : 4
i
K
O 23118 53 23 52 25 26 204935 5 1032 31 3421 5751 5 33 1450 2 4 30 44 1748 154536 42 39 1247 3 6 401320553829 16 41 9 5610 1 2643 37 1146 7
{itfhge 5 Number of rice variety
0.8 ,
e i 10 cm
- | % ==
5 0.6 !
= @ * * ‘.‘ L 4 *
Pl * o b ¢
WIS 04 o ¢ S *
B e [Tt 0"""":‘"‘"".‘0’3‘ """ C
B . o .
5 02 o & a o
0.0 L Lo LI L J o
30 40 50 60 70 80 CK ++Mn

KL 48/ (g/plant) Grain yield

B7 ++Mn*QET,ERMESEER(AREEE

B SRR ENE S E (B) 5KFEEKRE(C)

Fig. 7 ++Mn” toxicity index(A), quadrant plot of Mn** toxicity index and grain yield for each variety(B) and

growth phenotype(C) under ++Mn*" treatment

CK AL, ++Mn? Ab B |, it 46 75 2 ff FlOAR 4 Bk
1o R R ARURT 6 TR AR AR B AR R 1 R
F14) ok e 12 /N 2 3 SRR L D (181 8C~T) o WT L, 48
BT B SRR R AL KT B R T 7
it R 2R R A A A R N

CKZEAFT il 4 2 35 i A (32%) FHEh 75 T BIURK
A (7)) AR TS BRI 4G 7 i AR P SOD T POD 1)
TEPEY 0 i 2 22 5 WA 7 3 A (328) 3 POD
(3% P S TR UG R (7)) T M |
SOD B 76 P 2 3 IK T4 28 3 B0 A s + -+ Mn”™ b
R T4 2 3 SRR AR Al B 04 & BT
S B E AR AR M %8 SOD 1 POD (43 1 34 13 3%
o TG E UK SRR (B 9) . 5 CKAMLEL, ++Mn*"
Ab B TR 7 S RO R b L AR A R
Tn9ﬁﬂ5ﬂiﬁﬁ% BRURK iy PR D ML 4

HEOP R T 12,6 35 R0 22.3 48 ; it 4k 75 2 AP AR
ﬁﬂi%&xWMMD@@mﬁ%ﬁﬁ%?% {514
TSP (L 9) o T UL, AR AR T 7 3 AURR S R T A
B AR A A O T D BAE AR R R KCE A A
FET Hb b 3B 0] 4R PR AR RE ) TR PL AR
BEH.
25 BEZm&WOW

KT AR A SRR TN Y TR
FRRE R RL ™ R 0 17 AN SRR (AT 30%60) IR
T A 35S &) 1 AE TR AR AR 17 AN SRR (R 30%6)

+ -+ Fe” T Ab B R B AR A 17 ARl (AT 30%6)
AR+ +Mn® " b B S 8 T HR B AR 17 A R (Rl
30V VELERIE . 255 o, e v = Fi & 1) i ol
A A (35 5% 9% 445 | HeH &y )™ F 42K 3 5 1
EnFRAT 24> (45 555 ) , e EL i v 1 S 4K 2 3 09 &
FhAT 14~ (33%) , 3 EL it v A4 7 5 A0 S0 Fil oA 24>
(265 .53%) , e B Minf V8% 75 5 RIS 75 53 100 i F A7 3
AN (18,195 . 24%) , e H 5 7 (i v I 4 25 35 9
A 34 (324,525 . 54%) , e H & ™ i 24K 35 5 Al
T4 75 5 10 R R 2 4 (8% . 34%) | SR L4 i 37 22k
B MG 7 0 S A 14 (258) , A 31 E
Fen e A TR IV A RN A 7 A R (1 10)

R T 1 — 2 AR T R R A B A
B PUIE SRR G B TR SR R A A AT T
BAWE(12°C 4+ Fe?' + Mn? ) AbRE, 455 oK,
EHACFER A SRR A AL TR 05 fE A Ab B
T, &AM A AT R E R S =R AT
RAE0~100% , FEME R 30% (K 11) . 4hiEsET: K
AR 17 A B (Rl 30%0) < 58 68 .72 .95 114,
124 19% 31,324 334 . 34# 374 395 4% A7H 4%,
537, JET-HAE 0~10.5% (K 11), Hrp,52 9% 19%,
33% . 34% | 53FIX 6 /> it il 5 4E BB I& v Z2 450 b S
(B0~ 11) , 3 JLAS fn A ] 75 S ¥ 3= R ) FhAd
A A 1 it o



44

7 i 55 44 %

|/
f
\
|

10cm!  ++Mn®™

CK ++Mn*

- OCK B ++Mn” g 0 T OCK @ ++Mn™
= 250 "o O g 0.4%] .
= 7% 5 g = w2 a a
R I s B g% EE v 15{)%¢
e2” b¥ 53 &g 23 "
ey 5 J = k-
c 28 p %% =2 F&E 50
2 210 B Hf & S
HE o - s W= 25
= = 5 <
o 0 = g 0 = 0
C
324 # = 32# # 32# T#
o o T el e
Number of rice variety Number of rice variety Number of rice variety Number of rice variety
950 OCK E++Mn* _ 45, OCK E++Mn” OCK @ ++Mn* OCK @ ++Mn™
@ a a a = 1.3% o Z 03
& 6% P 2 a a a == a < .o 13%) a
2 200 o G, s 2 ¢ e <5 227 =5 Pad
=8 = 30 b &3 a BF g9
£ 150 s DE a2 i
G K g H = w2 I gE b ¥
B 5 100 S 15 g X5
g 5 L = H g 0.1
2 i Te i
I = 17
0 ® 0 =) 0. .
324 # 324 # 32# T# 32# #
fiRh S LT T T

Number of rice variety Number of rice variety

Number of rice variety Number of rice variety

AAERKRELGBARFMEL C: ERK D SR E AR R B RIBGF AR R SR G ARREG H e bk s AR T BT 2 3t BT A

A': The growth phenotype; B: Root architecture ; C: Primary root length ; D: Total root length; E: Total volume of root; F: Total surface area
of root; G:Number of root tips; H: Plant height; I:Root dry weight; J:Shoot dry weight .

B8 CKRE++Mn"AE T, EEERMG2HOREBRRAFM (THHERKRERRAHE

Fig. 8 The growth phenotype and root architecture of Mn*-tolerant variety (32#) and Mn**-sensitive variety (7#) un-

der CK and ++Mn** treatment

3 3 i

YW T F [ P I A T Y 2R 2 —
KA | e I B R ) S e R A K AR
P R BRI . BEXVIR IV AR TR 3
SERFAE AT FE LA 57 43S VT i 1l X A 7 A
b D e ARk e AL B T R A 1 R A Bk
i o U R 5 I LA B ZRA O i S it o O AR
SR AT T BT A b R R R A AR AR . SR
7R FERIR AR AR A AR T puh A A A R
IR Z A4 TR 85O0 T AU A B 5 5 %8 RECRT B ARG 3 Ak
7 AL B HUE ah R B0 R LIS s A A BEAE A4
s 19 2 R 32 249 /0 S it o 5 28 A A 6 AR i
R, B it Al X S 5 3905 Sy i 7 58 % BN AT
HAEREKE . AN ABIELE % RPN TE R R
FER B H R LA T D VR FEL I I i o
FOFE) MR B L EE BRI S B 4

Pl RO e T T HR KRR &y A K Y

B i DL, AP 2 B I 285 BB SR AAR T a8, DA
TR R B o7 11 AR SR A R R AR TSR
PR, ¥ OB S Bl (162) IE2R 2 b Y & AU TR
Bl (O [ 72.220% , 2R a 1Y% FEAE WG 3 Z 0]
AEEES., HWERER SR B BN, A
TR S R e v A BRER 5 R A 2 B Bt B
BT N N (1T S S N K7/ K NS e ol N DR iR
AOH WA, S EURAE o EAL 1 R G A
FE R N AEAE— R B AR s 1 DA KR il 28 1 4 4 Ak
F LA BRI T A A E S, O AR A A A e A7 T R
(00556, 8 IS R S0 (R R T L 34 i A R 1 4 98
71 SOD Fl POD J& Vi B 1 14 Slask # v dse = 2 4t
AALEE , AR R AR KRS T SOD
FPOD M6 MY 2 B35 LT, X S R Y vl i o 1
Il A R DR TR G o7 S R o (A T R i = W A7
P02 ARIF ST R s IR AL R | A el
(9£)AR 1 SOD 16 1t AR FIHb_35 POD {6 P43 51 o %



%5 T s S ARRVLHI R S R R R AR A B 7 5 R Y T 45
2,51
6000 DCK x23.3 6or OCK gck
B ++Mn” a @ ++Mn a @ ++Mn
g Se 20F a 5%
2 @3 2 g 1 2 l a 13%l
=g S 8 2z E
22 4000 S= 40 S22 4
=S A #He -
A B@E B EE c %
4 E (g 2% jof
= © =N 2 ] .
E % 2 000F % A 20 £5
= ; =3 B 05
0! 0 0.0
32# # 32# T# 32# #
r G S r G S L T
Number of rice variety Number of rice variety Number of rice variety
ockK x13.6 ock ockK
_ 2.0p
12000r @ ++Mn> 2 oo O ++Mn** =] ++Mg;7
- 0
%2 _ g B o a @ f
EX 28 =g 15
iy 2 9 000 ) g 3%%1 = < -
3 5 SZ o » BE
D 415 6000 g Bz b 0% | FEE 10
S e 2 oE
=3 2% g3
g B o30r -l
18 3000 48 o 05
BE 2o =l
=
R T# O T# 005 T
RS L e L T

Number of rice variety

Number of rice variety

Number of rice variety
A AR B a5 B AR SOD Ti6 4 5 C: AR EB POD 36 # 5 D 3t 405 & i E 3t 134 SOD 3 P : F: #i F# POD 3. A: The content of
Mn in root; B. SOD activity in root; C:POD activity in root; D: The content of Mn in shoot; E: SOD activity in shoot; F:POD activity in

B9 CKE++Mn*R BT, iEE = mf (32#) REURRmF (74) B £ 38 & L IE R

Fig. 9 The biochemical parameters of Mn**-tolerant variety (32#) and Mn**-sensitive variety (7#)
under CK and ++Mn** treatment

shoot.
BT A
Low seedling Pk FEREAL
mortality Low Fe™ toxicity index
&, i
& %%
& o, %
S o, %
& %,
23
“

BT R KRG P4, The arabic numerals represent the num-
ber of rice varieties.
E10 25 .SEETRE. RSEHERE.
EETRBRMAMLERE
Fig. 10 Venn diagram of varieties with high
grain yield, low seedling mortality , low Fe*
toxicity index, and low Mn** toxicity index

R R (168) 19 1.24 . 1.49 F1 1.28 4% , 7] UL ¥ &
ol i 7K 10 B A A I IS PR T A SR P 3
IR, G FRAR TR FELRR 10 403

MDA Z 4 Mg i Ak L =Wz —,
MDA F t ( =  nT T PR B R S SRR, 2
— ATk A A % 395 35 30 e 1 R A AR AR . —
R, MDA 1) B 22 5 48 ) 19 Tiif 98 BB 1 2 A G
Mo RIRIA S K FELN AR R 1) MDA & 25 R W
B, VA BB AR MDA (85 e i, i i v
dt R MDA S5 8 A 35 g g /N6 20 252 AR g 4
Rl @R, AR AL B S T8 5 R (9%) Hb 1 &R 1)
MDA F £ AU 4 ¥ B Fl (16%) 19 62.82%, H
MDA 7 it A 3% 1 A 5 25 0% T S0UR% 58 A i ¥
(9%) Hb 89 MDA S 34T 85 %0 , 1 ¥4 BUE
(164) #h & H MDA & &340 7 278 % Ik Ak 2
Jo TR SRR (9) AR i MDA & & 3% T e, %
R S 2 v MRS R TREYA SRR (92) AR MDA 1 7
TR T 3106, M4 BUR A (165) v MDA B 5%
SRR T 1090, it v S R AR T 0 g AP
AR ZH TR 5 R R AR T Y B T2 20,
TRIN B MDA & i 4 25 FH 2020 sk th A if o 3
B IR T AR Y i MDA 2543 B B>, )
W, TR RS20 15 AN A ] /N 22 i o7 ARG 30 Bt 1 4%



w
WEBET %

Seedling mortality

0.0

6 31463932 7 19 9 12 11 37 47

5 3348 34 53 4 22 30 13 38 10 20 15 44 26 40 54 36 27 2

8 52 14 28 56 21 45 43 23 2542 17 29 18 55 57 1 3524 49 3 51 50 16 41

[Fh4i'S: Number of rice variety
A B IKAF AN I AR R A BT R KRR SR S 5 B AR S R TR A AR, S KRS AN A RSB TR A RN A

A': The growth phenotype of each rice variety ; The arabic numerals represent the serial number of each rice variety.B: The seedling mortality of

each rice variety. The dashed line represents the average mean.

Ell REREKASEEALET, ERMPERREMHBEXLTE
Fig. 11 The growth phenotype and seedling mortality of each variety under the combined treatment

of low temperature, Fe** and Mn**

P BPUEREIEAT T 9P, 453 R, 45 /N2 S Fp
SOD M POD i ¥4 EJHEa#  (H MDA 1Y% &1
WE T TEARVE D ARG | T2 & A fe
FUBGE AP AAR A3 35 SOD A1 POD §% 4 LA Bz MDA
RIS [R] A AR Ak R S, FATTHE I AR AR 1 kb
- EB T i 3 N [ T AR AR AR R R AR IR W aE A
K AR o — Jr T, R M R a4 AR
AT ) T P A il 8 AR A A 1) A A A3 5 55— T
R AR 2R AT BB A A B S T AU R T BRI PR
FEACRERE 00 R B, ORI B B AE b 25 1 T 5 A=
AR

BRFNAR EAE A K R B AT A B i R T
RN o 9 Bk RN o K R LA 3 VR, 1o
AR ARSI 0 43 AR AT T 8R4 B i E K
et di o, BT 25 SR S, TR BRAR R R 2
A AP AR R AR AR AR R SRR B i bt
AT P 3 P 5 A R e ) I A B 2
{B7E++Fe? Ml-+-+Mn" Zb 3T, i 2k 25 3 5
AR R AR P E S E R E S T
R AT AU R T R AR N M S B R A R B
T HURM Rl .+ Fe” AbH R, il W2k 7 5 5 Fh
(345 ) AR R, 18 0 4 3% B Sy I 4% B 3 0%
(375) 1 72.20% F184.04% ; ++Mn” " 4bFEF |, it 55
B AR (328) ML FITHL 38 A B 7 AR 4 7 5
T A (75) 149 85.07 % FI160.04% . AI WL, B AR Tiid 4k
B 1 T o R R R AR R T R L el

==
B

ALK 2 A P R WA i ) B T SRR S R AR T
WERER Y & i, NI 22 T 2 HVE M. AT AR5
S5 AR, KR TR 7 1 R v AR R X
BRER /NI ) B AR R AR ke T A
SrE BRI, Stein 25127 R B, 16 v v I Ak b H
T AR AR RN M A T R R
T Tk ol b SR Rl SR RS R BT T 7
N R Ry X 1 A A A 1 R L SR 0 e 2 3
Fir Hb 1 R B A v AR DX 3 5 T 2 ORI
SR AT AT DL R R A B IR R
T RO R (TR 22 o KRR B B
BA — 0 st A Rtk LT LW S A~ FE R 1Y)
P R ESM T, — S 5 A I
iz i) 3 (OsIRT1/2 . OsNRAMP1/3/5 . OsMTP9.,
OsYSL2/6/ 1555 ) 23 i35 T I FRIK , AT FEARAR 52 X
KA 0 W R ) b bR I 32 5 5 — T TS 5 R
AIHE B a1 B0 | I (R R 2R AR S5 40 it 25 i 1) B
(OsVIT1/2,0sMTPS8.1,0sNRAMPG , OsMIT % )
23 L RS A R E AT X FR AL 2
FEMERE N, S5 Pt — e XA P
SRR YIS S i X s TN | B e A
Wy B i — 25 AT LT AL

W Ah AR AE I X b ek K A 5 A AR A
7 H, B AR A T R B OB ME
FHICMF 5T 8, 1o VR B %) T S 8 388 i o = i v
POD 85 11 15 B L6 M 5 B A2 BN g KOV 1 T 32



53

P S e VLR I F RO KRR R RO S R T T R O O S M 47

M5BT AR A T S LA DG AR T AR S
it 4 ot e ELAG BT 5 4 SOD IR 21920 e g e 99
T A R, ¥ I FH A 1 P 7K e it Al it e SOD FIAR
T POD (36 1 535 = T UG Rl ARIFoR 4 SR
7N AE A+ FFe? TR+ +Mn? AR it kA 7 R
H1 SOD Fl POD f9 1 14 & b 2 1w T 4 . B0
+HFe® AR A EE T SRR R o SOD i POD
14 37 M 4 i) e S K B R A Y 1,33 R 113 4%,
Hi_E 38 SOD F1 POD 1147 1 43 51l 2 30 4% 75 8 Sk
Bl 1.31 F1 2.48 £ 5 ++Mn® A BRF , 4 25 2 b
FiA H SOD 1 POD F i 1 43 73l J2 4 B 35 BURE b
9 112111345, H E35 SOD 1 POD (35 P 3 51l 2
S T E ORGSR AR Y 150 A1 15145 . aT UL T Ak A B
TR T3 A R v AR BT R Y T MR K
VR R X A AR T AR

TR X KA A K R B s a2 i 24 B
5 7 B 45 5, A0 5858 o 4E BLE 3 A T
ZHUEh A, R B T S R R 38 R
AW AT, RS T B AP SR, 458
T, AL 220 (58) A F/FMLW (98) wmFEMm 25
(19%) &M 534 (33%) (HE M4 534 (34#) LWl
2817(53%) 4 S Fhoxt 52 G 36 58 B i AR X AR , AT A
VIR T )RR A i 2 i P o R, 3 2 AN Y
2 DBADLIR 56 v 0 B 1T 45, J5 SR AT A BEXT H R AT
FH (]330 B0

% % L Hk References
(11 ™ E, HE, S5, % R EDKRE LR KA =4 5 &

it E BRI (7], I AE K, 2023,29(3) : 1-8. YAN R Y,
AN G Y,ZHAO X M, et al.Study on the production pattern
and fertilization status of rice dominant production areas in Chi-
nalJ].China rice, 2023, 29 (3) : 1-8 (in Chinese with English
abstract).

RN ZEEE A a5 KRR ROR i S e
[T fE¥WE5T . 2022, 36(2) : 180-188.LIANG Y G,LIT Y,
ZHOU J, et al. Evolution and prospect of rice cultivation tech-
nology in China[J].Crop research, 2022, 36 (2) : 180-188 (in
Chinese with English abstract).

B, AT AL, A T KA AR T UK B R SR LT
TR Al R, 2015, 43(10) £ 105-107.ZHAO L, ZHAO C
F,ZHOU L H, et al. Current situation and development trend

[2]

[3]

of rice production in China [J]. Jiangsu agricultural sciences,
2015,43(10):105-107 (in Chinese).

S E A A E P E I IM s E RO R
#,1998. National Soil Census Office.China soil [ M ]. Beijing :
China Agriculture Press, 1998(in Chinese).

[4]

(5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

ZEPRZE . EAKRE L M AER B AL, 1992. LTI Q K.
Chinese paddy soil[ M ]. Beijing: Science Press, 1992 (in Chi-
nese).

SRFEAR . KR 2 T A LR BT SR R BB E [ D] Kb
WA Ak K2, 2022. ZHANG J W.Selection of low tempera-
ture resistant germplasm resources at bud stage and cold resis-
tance agents of rice [D]. Changsha: Hunan Agricultural Uni-
versity, 2022 (in Chinese with English abstract).

SRR KRS R A BT 5 IR T A IR D] KD
W1 RE Ak K2, 2018.CAI Z H.Screening and low temperature
regulation of low temperature germplasm resources in rice
seedling stage [ D].Changsha: Hunan Agricultural University,
2018(in Chinese with English abstract).

RBSE, BRBHAS (1 KCHR, 45 . 20 0 S A0 2k ¥ K ) 7K e i i 3
55 0 6 (7). 4% 32 K F8 . 2015, 30 (4) : 54-58. XIONG Y,
OUYANG J,HE Y X, et al. Evaluation and screening of rice
genetic resources with tolerance to low temperature and sub-
mergence in germinating stage [J].Hybrid rice, 2015, 30(4) :
54-58 (in Chinese with English abstract).

WRIRES, SA I, A, S IR KR R 9% U T A 2
R S SRV S E WF R LT ] A AR, 2021(1) :47-53.
PAN X X, HUM Y, WANG Z W, et al. Evaluation of agro-
nomic traits and cold tolerance at germination stage in rice
(Oryza sativa 1..) germplasms[J].Crops, 2021 (1) :47-53 (in
Chinese with English abstract).

BEERWR WA , S, A L KR kAR G PR 6 1ok A 10 % 4
HE X B B R [T ] T AR i oo &Rk, 2007, 11: 16-
22.CATH S, YUY T,LIU P, et al.Screening for iron toxicity
tolerant rice genotype and response of root border cells to ex-
cessive Fe?" [J].Guangdong trace elements science,2007,11:
16-22 (in Chinese with English abstract).

AT, AR, REIR, 45 . SR A X K AR K T B R BLR
sz 1], P EAE K, 2018, 24(3) : 30-38.ZHAO Y, XIANG
H, XIONG N, et al. Effects of ferrous toxicity on growth of
rice and accumulation of some mineral elements in rice plants
[J].China rice, 2018, 24 (3) : 30-38 (in Chinese with English
abstract).

BRESOLIN A P S,DOS SANTOS R S,WOLTERR C D,
et al.Iron tolerance in rice: an efficient method for performing
quick early genotype screening [J/OL].BMC research notes,
2019, 12 (1) : 361 [2024-11-19]. https://doi. org/10.1186/
$13104-019-4362-5.

YOSHIDA S, FORNO D A, COCK J H, et al. Laboratory
manual for physiological studies of rice [M]. Manila: Interna-
tional Rice Research Institute, 1976.

- B AR A A (M. b5t i Ol ik, 2000.
BAO S.Soil agricultural chemistry analysis [ M ].Beijing: Chi-
na Agricultural Press, 2000 (in Chinese).

Top g ML R AR AR PR AL S R S BOR [ML e



48 LS PN S S 1 544 %
R AR I MLAE L 2015, WANG X K, HUANG J L.Principles ies during different stages [D].Chengdu: Sichuan Agriculture
and techniques of plant physiology and biochemistry experi- University, 2008 (in Chinese with English abstract).
ments [M]. Beijing: Higher Education Press, 2015 (in Chi-  [24] SATVIR K, MEENAKSHI A, ANIL K G, et al. Exploration
nese). of biochemical and molecular diversity in chickpea seeds to cat-

[16] SHAEMA P,SHARMA N,DESWAL R.The molecular biol- egorize cold stress-tolerant and susceptible genotypes [J]. Ac-
ogy of the low-temperature response in plants [J].Bioassays, ta physiology plant,2012,34(2) : 569-580.
2005,27(10) : 1048-1059. [25] ERNI, EIRM, T V55 AR /NZE S AR TR 8 1 520 K

[17] KIM S I, ANDAYA V C, TAI T H.Cold sensitivity in rice PR PETEAN [T]. 2R 4524, 2011, 31(4) : 1064-1072. WANG
(Oryza sativa L..) is strongly correlated with a naturally occur- S G, WANG Z L, WANG P, et al. Evaluation of wheat freez-
ring 199V mutation in the multifunctional glutathione transfer- ing resistance based on the responses of the physiological indi-
ase isoenzyme GSTZ2 [ J].Biochemical journal, 2011,435(2) : ces to low temperature stress [J].Acta ecologica sinica, 2011,
373-380. 31(4):1064-1072 (in Chinese with English abstract).

(181 #RZ2aX, 2/, B30, 46 91 m URARS A AP 2R BT RN 0 (261 s2 i, i N As AR X 2R BE AU PTIE LB [T A9 2F B 27 i
VML ST ). 238K A , 2015, 30(5) : 59-64 PAN X W, ., 1996, 32(6) : 465-469.PENG X X, YAMAUCHI M. The
LIX X,LIY C,et al.Preliminary studies on cold tolerance at resistant mechanisms for plants to iron toxicity [ J].Plant physi-
germination stage and seedling stage of early Indica rice in Hu- ology communications, 1996,32(6) :465-469 (in Chinese).
nan [J].Hybrid rice,2015,30(5) :59-64 (in Chinese with Eng-  [27] STEIN R J,DUARTE G L,SCHEUNEMANN L, et al.Gen-
lish abstract). otype variation in rice (Oryza sativa 1..) tolerance to Fe toxici-

[19] Z=igk, BRZg B, Je/INAS AR Mp 300 X 7K RS &)y 1 B 2 1 A B A ty might be linked to root cell wall lignification[J/OL].Fron-
feAs bR s [J]. 2@l 24l , 2006, 10(11) : 50-53.L1 H tiers in plant science, 2019, 10: 746 [ 2024-11-19].https: //doi.
L, YIN X M, LONG X J.Effects of chilling stress on physio- org/10.3389/1pls.2019.00746.
logical and biochemical indexes of chill-resistance in rice seed- [28] SHENG H,ZENG J,LIU Y, et al.Sulfur mediated alleviation
lings [ J].Anhui agricultural science bulletin, 2006, 10(11) : 50- of Mn toxicity in polish wheat relates to regulating Mn alloca-
53 (in Chinese with English abstract). tion and improving antioxidant system [J/OL]. Frontier in

[20] FNEE s, i o s , 5 . AP X SR e 4l B Ak 3 - e 2 plant science, 2016, 7: 1382 [2024-11-19]. https://doi. org/

[21]

[22]

[23]

R Y S R B G P R OC R (T, P E AR A O A A
2014,22(11) : 1326-1333.SUN Q, YANG Z Q,GAO L N, et
al.Effect of low temperature stress on physiological characteris-
tics of flag leaf and its relationship with grain yield during pani-
cle primordium differentiation stage of early rice [J]. Chinese
journal of eco-agriculture, 2014, 22 (11) : 1326-1333 (in Chi-
nese with English abstract).

B BUE AR RO IR E T RAE A B R A
P AR 8 Al b H *‘PIEﬂi# [T] e 41) , 2015,29(4)
792-798.ZHAO Y, WEL Y J,ZOU Y B.Physiological index
variation and its cultivar differences of seedling leaves and
roots of early cropping rice under lower temperature stress [J].
Journal of nuclear agricultural sciences, 2015, 29(4) : 792-798
(in Chinese with English abstract).

ARG . 2P RS IR 18 5 X 7K i 7 B A BRI oK
A B EZ IR (D] 47 M - % MK, 2018. REN H R.Effects of
low—tcmpcraturc cold damage at booting stage on yield forma-
tion, physiological characteristics and rice quality of rice [D].
Yangzhou: Yangzhou University, 2018 (in Chinese with Eng-
lish abstract).

AR K REAN R A 7 0 A v P R 6 S A b i e [ D 1.

#B DU I AR Ak K 2%, 2008.FU T L. The cold tolerance and

screening of cold tolerance identification indexes in rice variet-

[29]

[30]

[31]

[32]

[33]

10.3389/1pls.2016.01382.

ONAGA G,DRANE K N, ISMAIL A M.Understanding the
regulation of iron nutrition: can it contribute to improving iron
toxicity in rice ? [J] Functional plant biology, 2016, 43:
709-726.

SHAO J, YAMAIJI N, SHEN R F, et al. The key to Mn ho-
meostasis in plants: regulation of Mn transporters [J]. Trends
in plant science,2017,22(3) :215-224.
FECHT-CHRISTOFFERS M M, BRAUN H P, LEMAI-
TRE-GUILLIER C, et al.Effect of manganese toxicity on the
proteome of the leaf apoplast in cowpea [J].Plant physiology,
2003,133:1935-1946.

RIBERA-FONSECA A, INOSTROZA-BLANCHETEAU
C,CARTES P, et al.Early induction of Fe-SOD gene expres-
sion is involved in tolerance to Mn toxicity in perennial rye-
grass [ J].Plant physiology and biochemistry, 2013,73:77-82.
FR, S, BT, A v B IR TR PR O R
FetE SR FRAT ST [T]. WA B4, 2014, 53 (16) + 3736-
3740.WANG S C,CAO C G,LIC F,et al.Yield and physi-
ology of middle-season rice in cold-waterlogged paddy field
at the Southeastern of Hubei Province [J].Hubei agricultural
sciences, 2014, 53 (16) : 3736-3740 (in Chinese with English

abstract ).



55 5 1] P S e VLR I F RO KRR R RO S R T T R O O S M 49

an

Screening and identifying rice varieties with tolerance of low
temperature and toxicity of iron and manganese in middle and
lower reaches of Yangtze River

GAO Qingrui, HOU Xingyu, CAI Hongmei

College of Resources and Environment , Huazhong Agricultural University, Wuhan 430070, China

Abstract 57 main rice varieties planted in the middle and lower reaches of the Yangtze River were
used to conduct hydroponic culture experiment under the low temperature and the toxicity of iron (Fe*" )
and manganese (Mn*" ) to screen the adaptive rice varieties in cold-waterlogged paddy fields in this area.
The selected tolerant and sensitive varieties were used to analyze the differences in the growth phenotype,
root architecture, content of iron and manganese, and the activity of antioxidant enzyme. The results showed
that there were no significant differences in most growth indexes and physiological and biochemical indexes in
cold tolerant or toxicity of iron and manganese tolerant varieties compared to that in sensitive varieties under
control conditions. The growth indexes and physiological and biochemical indexes in cold tolerant or toxicity
of iron and manganese tolerant varieties were better than those in sensitive varieties under treatment. The sur-
vival rate, aboveground biomass, content of chlorophyll b, and activity of POD in cold tolerant varieties was
significantly higher than that in cold sensitive varieties under low temperature treatment, while the content of
MDA aboveground in cold tolerant varieties was significantly lower than that in cold sensitive varieties. The
plant height, total root length, root volume and surface area, root tip number, and aboveground dry weight of
Fe®" tolerant varieties was significantly higher than that of +-+Fe*" sensitive varieties under ++Fe”" treat-
ment. The content of iron in the root of +-+Fe”" tolerant varieties was significantly lower than that of ++
Fe*" sensitive varieties,and the activity of SOD and POD in the root and aboveground parts of +-+Fe*" toler-
ant varieties was significantly higher than that of +-+Fe”" sensitive varieties. The plant height, primary root
length, root surface area, root and shoot dry weight in Mn®" tolerant varieties were higher than that in + -+
Mn*" sensitive varieties under +-+Mn”" treatment. The content of Mn*" in root and shoot of +-+Mn*" tol-
erant varieties was significantly lower than that of +-+Mn*" sensitive varieties, while the activity of SOD
and POD in the shoot of +-+Mn”" tolerant varieties was higher than that of +-+Mn”" sensitive varieties.
Several varieties such as Quanyousimiao (5% ) , Hongxiangyousimiao (9% ) , Jiafengyou No.2(19%) , Quanlia-
ngyou No. 534 (33%) , Weiliangyou No. 534 (34#) and Hualiangyou No. 2817 (53%) with high-yield and
multi-resistance were obtained through Venn diagram analysis and composite stress screening , which can be
used as candidate varieties for popularizing and planting in cold-waterlogged paddy fields.

Keywords rice; low temperature ; toxicity of iron (Fe’" ) and manganese (Mn”" ) ; root architecture ;
content of Fe”™ and Mn*"; activity of antioxidant enzyme
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