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Effects of iron chlorine e6 on waterlogging resistance of wheat at different
growth stages
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GU Da-lu', XU Yong-gang®, YANG Wei’
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Abstract: In order to explore the effects of iron chlorine e6 (ICE6) on waterlogging resistance of wheat at different
growth stages, this experiment was carried out by pot experiment. We simulated the waterlogging process of wheat by artifi-
cial flooding at booting stage and flowering stage. The experimental treatments were set to spray different concentrations of
0.02% ICE6: 0 mg/L (CW), 100 mg/L (E1W), 200
Wre B #3:2022-12-20 mg/L (E2W), 300 mg/L (E3W), 400 mg/L (E4W)
BEEWE LA RLAH A ZEOFEEITALCX (2D 1011 ] R

BARAM MR R & I (CARS-03) s HEZ T R
WRFEBERIIT & e 2 G100 F (HNY202114)
EZRBN: 2 B (1996- ), 5, IWARWEE N, Bt BF 5T 52 ) 01, i
G597 11 AR B A B S R . (Eemail) cheyang@ wheat grain vyield. Spraying different concentrations of
ICE6 before waterlogging at booting stage and flowering

before wheat waterlogging, and the conventional planting
was added as the control (CK). The results showed that

compared with CK, CW treatment significantly reduced
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ter, and the yield was significantly higher than that of CW treatment. The effect of E1W treatment—E3W treatment at flow-

ering stage was better, and the yield was significantly higher than that of CW treatment, but it did not reach the level of CK.

The main reason for the increase in yield of exogenous ICE6 spraying treatment was the increase in the number of grains per

spike and 1 000-grain weight. Moreover, the chlorophyll content of the flag leaves at 7-28 days after treatment was higher

than that of CW treatment. The accumulation of photosynthetic assimilation products after flowering and the population

growth rate from flowering to maturity stage increased with the increase of plant photosynthetic material production capacity.

Therefore, the plant had a higher dry matter accumulation at maturity stage, and in the dry matter distribution of the plant

at maturity stage, the grain occupied a higher accumulation and proportion, and finally the wheat yield was improved. The

results of this study showed that spraying exogenous ICE6 before waterlogging at booting stage and flowering stage of wheat

could improve the resistance of wheat to waterlogging and reduce the effect of waterlogging on wheat yield.
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1 ARSIk

1.1 g R 5 AR A

RIS T 2021 -2022 476 7L 95 F THE b X 9fE B A4k
A BF ARG TR G0 HE T R | i R T b W R
T 28 A, B el DU 2R3 B AR F 3800 14,7
C, A1 H IR 055 h, 4E 2K i 927 mm.,
Ptk Aoy Y MR N A EERE 404, HEZY
FIA 0.029% —Z MR AT MR R, RS s E R
YT RABRA R,

1.2 KISAIE

IR H AR SO, HIEARKTE
i, SAENR A, A+ 15 ke, BKUUE R AT
&Rl , 2 BOY Hh s = Ak A % (NP, 05, K, 0
Jiti FH H2 43 5] 42 B 240 kg/hm?® | 120 kg/hm* | 120
ke/hm* 8, FEAL S 00 LU k6 : 4) 4 & 148
AN (N) 1. 60 ¢, FENEFREA ATt H , BT
{5 2.5 -G A, B AIBR AL B 2t 0. 84 g, 423
Hti, 11 7 10 HEEF, &2 20 ki, T 3 0
B RS —BW 4T 10 B/ 7.

3 3 AE 2 R TR A A T K AL BN
B WM E LR, LIRS ICE6 X /INEZ P
ERE SRR, I 15 B AN [R5 R R AY 0. 02%
TN ERAL B 435K - Wit ICE6 0 mg/L (CW) |
100 mg/L (E1IW) 200 mg/L (E2W) 300 mg/L
(E3W) 400 mg/L (E4W) WIS AN 0. 01% I
20, LAME it 2= - T Y i L TG R A AR e
Jiti ICE6 FYE /KI5 HEA T s /K Ab B | BVFE /N2 b2 7l
WA AEAPETET 2 d 3032847 ICE6 Mt b 34, kb 24
2 d G BT UK L T d PR NOK T ~ 2
em, 57K 45 R HERE 7K 4342 B 54 it 45 B L 2
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3 0 T BRI T AL I KA B 7 d 14 d |
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PR 2 R Je H AR B0 Tk i, TP 4
RN G 45 A FRIRCRE 3 4, F IR (R 0
R 5T+ B FERD) 40 FF, 105 °C AT 30 min, 80
CHET B EPTRFREUR S, S BOCEk[12], [13]1
I T B AR B AR AT IR R AL Y i i =
FHAEIE SR A E T I - U SR e B T it
AE I3 40 e a1 h AR 7 2 9 BT RRR = 6T
TP 361400 o 2 1 it/ G R T B £ x 100% 5 4K
Ja T AR R = B T R B - R T
YIBURR R i B IR A E LS T-9 SR R X kL™
W TTERCR = 165 H B3R 4 AR 2R ik
BT B x100% ; FEARAERK R ¢/ (m® - d) ] =(W,-
W)/ (ty=t,) o 3, WOF WIS 2 Yl T
Yilite, ¢ F o, AHTIS 2 YD E A IRHE]
14 Zit59H

X Microsoft Excel 2016 J&?’}ﬁ%%/\ﬂ‘%,
FH SPSS 22.0 #4758 1143#7 .
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ICE6 T 2RI AT A6 013047 358 Hir Mt it b 2, ] LUK
[ R B i e /N 7 i FL v 2 E2W AR 3 ~ E4W
ACERACR I M EE CW AR PP i R AR

BT ICE6, E1W ALBE ~ E3W AbHRAC R84, 4
Lt CW Ab 3 it B 35 2 15 5 (F V9 Asf 0 45 Ak 388 1
PR EACT CK, UHITETRT#E T ICE6 Bijtikb
A DL — R bR it /N2 7 A R 5
M), HL A RE PR 2 RR R K | 38AOk Ui 7E 22 R 1)
FTF AL AT US> )38 £ E3W  E2W AL 3 (1) ICE6 Ji
SR AR R A R M A T R

#1 FEREMBEZERFLCENHRARREREANSE
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Table 1 Analysis of variance of yield and its components in differ-

ent treatment periods and different concentration gradi-

ents
) FAH

AR SRR A - - -
Frho=ar g BNE TROEE

REEFH (T) 1 50.46 ™ 1.96  41.76™ 35.19*

ICE6 i ikE 3 427" 1.48 1245  19.64™

BREE (M)

MXT 3 345" 1.21 1.264 0.01

* A I RTE 0.05 F10.01 K- 5200 i 2, ICE6: — & "hw)
B

ZE B ANTT AL W5 BT T ICE6 2L FEAH b CW
AbFE K CK 76 EOT 1 TG 3 25 57, U W 2 F8 401 L
Je KA B FEEGE A/ FERERIEOT 1H , 5 CK
A, 2B AN T A6 3] CW A BR800 50 ] B AIE T
18.67%F1 13.93% , 255+ W3 . AWK E ICE6
FEZERE SR T AL 0135 mi i it A BEAH H €W ARBE AT DA
AN (R i v AR, b 2 R B2 W A FANUR A
I AHEE CW 357 T 12.83% , 2 % B2 (HAH I CK
WA T 8.24% ; I 1€ W 5t mir mt it Ak By 1
E1W b3 ~ E3W AbBEASCR A AT A L CW b 42 5
T7.64% ~10.02% , 25 W3 , (HAH L CK 1 35 PRI
5.31%~7.35%, B&(ROKFE E2W AbHLEAT AT
FR AR

5 CK AH L, 22 AT A ] CW &b 2 Tk 5T
TR T 11.56% 1 9. 68% , 22 7 W &, H
E3W E4W AbFEAH b CW 403 TR B B 548
BB ZEMT CK; AL CW ALBE JT AL E2W Ab3H ~
E4W AbHE R B4R S T AN TR (0 AR
T CK, BIAEKF E3W AL FEA E4W b HEEA 5 4r
(IR T TR0 R AR
2.2 RBIBIHE ICE6 X 2 FE 83 FF /M EZ &I
SPAD BRI %M

HT P& 1 FE 2 Ap 2, AN TR) A Ak B i) /DN 2 6]
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SPAD fELBE Ab FRIN ) SE B 2 R ka3, A LL
CK, Z#REHIAITTAEN CW ALBESIT SPAD {E7EALEES
7~28 d WAEFFAL, (EZRE], E2W AR 3 ~ EAW Ab 2
SNt SPAD i i 35 = T CW Ab 3, 7EFFAE I, AT LE
CW AbHE, S [vl 5t 2 v B ICE6 J53 1 ¢ it b B 7E o1
7~28 d Bf/NEZ SN SPAD fH 8 E4 5., Uil ICE6
M Ak BT L2 v 2R R AT AR UK i T /A
DI LRER LM 7 R, R MO & A
REST AR T UK a5 P R E 5.

R2 FERIBIHEARERERE ICEG AMBI/INEF=B R HMR H RN

L)
Table 2 Effects of spraying different concentrations of iron chlorine

e6 (ICE6) before waterlogging on wheat yield and its

components

o PR e DO EEDE

2R CwW 41.00a 35.84d 43.21¢ 54.11d

EIW 41.33a 37.67¢ 44.58bc  59.24c¢

2w 40.67a 40.44b 45.10bc  62.72b

E3W 42.00a 38.67¢ 46.27b  66.05b

E4W 41.67a 37.11cd  45.61b  63.46b

CK 43.00a 44.07a 48.86a 84.73a

PiRia ] CW 41.00a 37.93c¢ 44.13¢ 62.00d
E1W 42.33a 40.83b 45.54bc  73.78bc

2w 42.00a 41.73b 46.07b  76.82b
E3W 41.33a 40.90b 47.16b  74.05bc

E4W 42.67a 39.27¢ 46.59b  69.52¢

CK 43.00a 44.07a 48.86a 84.73a

CW . EIW E2W E3W E4W A5 51 kit — 2 WMk 0 me/L, 100
mg/L 200 mg/L 300 mg/L 400 mg/LJ5 #E1T 5 /K AL F CK Sy & AL
REAHK NI — UMYk [ — B 391 [ — 51 KO R il /NS 5
BER IR RIAL B 22 1] 22 57 i 3 (P<0. 05)
2.3 RETEEHE ICE6 Xf/)NZ2 B ZhiA & T4 s
B2 B9 3 M

%3 AT, 5 CK ALk, 22 F £ 8 CW
AL 3R 2 REAIR T /INAE BT b R TR AR SR
FERL ) T4 B AR R, o ZE B A B AR T
13.16% ~ 17. 38% , A il F1 i 7¢ F MK T 11.40% ~
16.31% ,FFRL AR 1 26.83% ~ 36. 14%, 5 CW 4
PRAH EE , W3t A [ B vk B ICE6 FE 22l T L1
T LA i A M b SR B AR ) T
YR R Hoh 2 ) E3W AL FRA EAW AR FER
ZEBSFI i T R R KT CW b
E1W 238 ~ E4W Kb 3T A+ 50 LA SRR /9 1
YRR R ES B ERT CW AHE, FFEH E1W 4k

70-
ggk by 3 a

[ 9 A T, a

@ St .Eg cd 7 Esi g c by, &

L :» = X «:

40 N NS AN N

0% N N N

SN ANSEE NN AN \e

0% NS N N

o BN | B (B N
3775 14 21 28

AEBRIE] (d)
oCW; mE1IW; BE2W; nE3W; 8E4W; s CK
CW . E1W E2W E3W E4W 4L BEAI CK 036 2 i, B AR/
BN ER R (P<0.05)
1 ARERE ICE6 i3 Bl M 5E 4b 32 Xt 22 8 H3 /s & & it SPAD
(LAl
Fig.1 Effects of spraying different concentrations of ICE6 be-
fore waterlogging on SPAD value of flag leaf of wheat at
booting stage

65¢
60f a

e K K
s wf ?giﬁ i
= st BAK ’g’:‘
5 o\ N
s 35t BIAK N
N N
or N N
s N
20 X K

7 21

SEFRETA] (d)

OCW; mE1IW; BE2W; GE3W; s E4W; s CK

CW .E1W E2W E3W E4W Zb 31 CK L3 2 1., EHRRE/N
B FRRER B (P<0.05)
2 AR E ICE6 % i Bt i A 32 33 7 7£ #3 /N 2 &I - SPAD
(EIEA
Fig.2 Effects of spraying different concentrations of ICE6 be-
fore waterlogging on SPAD value of flag leaf of wheat at

flowering stage

L~ EAW b ZE 8 + 0t DL CFPRLRS T4 B AR 2R
R RT CW AR IR FE A FE 5T T a4 R
ZURTE E1W AH ~ E3W AT B 3% KT CW ZbHE
TET YR SR 5 Ly T, AH B CW AREE, CK A
WE SR E T R BUR L) W 35 B A, (R R T4
AR R L 4w DR BOK AR A A B AR
KEB A TR, Wit — S gk B —
MRS , A T =P .
2.4 EBIEHE ICE6 M ARKMB/NETFHWRARES
HIEHRMm

H2e 4 W1, A EE CK, 2R AN T A6 3 W 4k
FHAS () 3 b B2 AT 1 s AT s 35 T4 SRR R A
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TEAEHH 2 B R A KOR 4 R T AR AT M 3R
FinE s m LI, 2R B, AN, cw
AEFRAA LG E1W ZbFE ~ E4W Ab BRI AT L 5 2548 E /D
22 WA T R B D) AR S5 M R R R
T E2W AbFE ~ EAW A0 BRI PR 5 T IT AR 2
HIREAR AR R, AEJFAEWT, 5 CW b BEAH EL | 35t i i
Jiti ICE6 R LA 2 2 /N2 A T A S e

Je i b T B AR R A DA ST AR 2 A A
AR R AR B 2 BRI AT AE 1 73501 R E3W A2
M E2W AL BRREHC A e bR N AR R AT . Uil
WIHEAT ICE6 Wit b 2 AT LA$R w48 5 06 & W Ak A1
S R I IE 2 R AR R A5 A
Jea R PR SR A B e, A M TR 2 1 A AR AL
RS I, PR R

®3 REIBIHEAEREKE ICE6 AT /NE R B F AT RSB Mm

Table 3 Effects of spraying different concentrations of ICE6 before waterlogging on dry matter distribution of aboveground parts of wheat at

maturity stage

/INZE A T A3 I

i Absh SR Fe o i+ 5% e o ok He o
(5.1 40) (%) (g1 ) (%) (g,145) (%)

TR T CW 72.02d 49.42a 19.60c¢ 13.45a 54.11d 37.13¢
E1W 73.25¢cd 47.63b 21.30b 13.85a 59.24c¢ 38.52bc
E2W 72.60cd 46.22bc 21.75b 13.85a 62.72b 39.93b
E3W 78.08b 46.91b 22.32b 13.41a 66.05b 39.68b
E4W 74.48¢ 46.73b 21.44b 13.45a 63.46b 39.82b
CK 87.17a 44.63¢ 23.42a 11.19b 84.73a 43.38a

TF 4 CW 75.70d 47.77a 20.75b 13.10a 62.00d 39.13b
E1W 83.85b 46.51a 22.67a 12.57ab 73.78bc 40.92b
E2W 86.33a 46.31a 23.26a 12.48ab 76.82b 41.21ab
E3W 84.23b 46.50a 22.86a 12.62ab 74.05bc 40.88b
E4W 79.85¢ 46.92a 20.81b 12.23ab 69.52¢ 40.85b
CK 87.17a 44.63b 23.42a 11.99b 84.73a 43.38a

CW.EIW E2W E3W E4W L BRI CK W3 2 7, [al— WU ) 5B 5 A 5]/ NG SRR R AN e Ak B2 i) 22 5 {3 (P<0.05)

x4 RABIEARERERE ICE6 LB AR E/NE TR R SEIZHF

Table 4 Effects of spraying different concentrations of ICE6 before waterlogging on dry matter accumulation and transport of wheat at differ-

ent stages
PR ERR/IAE Sy AEJE AT A 2 AEHTHL [ 3RE A T2
bRl A A R B CRGY iz it CRGY corn
[¢/(m* - d)]
(g,14k) (g,14k) (g,14k) (%) (g,14k) (%)
AR CwW 118.48¢ 145.73d 27.25d 50.36d 26.86a 49.64a 0.83¢
E1W 120.11¢ 153.79¢ 33.68¢ 56.85¢ 25.56ab 43.15b 1.02be
E2W 119.37¢ 157.07¢ 37.70be 60.11b 25.02ab 39.89¢ 1.14b
E3W 125.50b 166.45b 40.95h 62.00b 25.10ab 38.00d 1.24b
E4W 120.81c 159.37be 38.57he 60.77b 24.89b 39.23cd 1.17b
CK 132.82a 195.32a 62.50a 73.77a 22.23¢ 26.23¢ 1.89a
T CW 128.35a 158.46d 30.11d 48.56¢ 31.90a 51.44a 0.91d
E1W 135.77a 180.30b 44.53bc 60.36b 29.24hc 39.64¢ 1.35he
E2W 136.07a 186.40b 50.33b 65.52ab 26.49d 34.48d 1.53b
E3W 134.76a 181.13b 46.37be 62.62ab 27.68cd 37.38¢ 1.41be
E4W 131.05a 170.19¢ 39.14¢ 56.30bc 30.38ab 43.70b 1.19¢
CK 132.82a 195.32a 62.50a 73.77a 22.23e 26.23¢ 1.89a

CW . EIW E2W E3W E4W AbBRA CK W3 2 F£, CRGY .CGFM 43 3|3 /R WA= Srmk 3 I A8 300 22 B A A 1 3 [a) — Ik 300 1) 5 B gl
JEARR/NG PR R AR R AL PR 2 (8] 25 53 .3 (P<0.05)
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2.5 A[EATH ICE6 BiEE T2 5 HMBER
Z B FIHE XS T

XoF 7 dg B AR b PR 2R R AT AR G M A AT, 45
(3 5) KW ZFI BTG ICE6 J5 A8k BRI Tk,
JoT 5 7 e A TR AR DG, 7 i TR A A G
FRECR TR, 7= 5 A A O EA B3, 1AW
ZE R ICE6 7™ i B2 /5 114 32 2 I PR J2 Feobr 250N
TR BT R RGN R AR B AT ICE6 J5 77 5
PR R RS, 5 TR R 2 W E A
FEESCRH DG AN S 3 10 BH T A 135 T i ICE6 7™ it
P F RO BN TR B R, RS
PR B AR OC R BOR T TR B 8
2.6 A[EIEH ICE6 B E TE5WRAER
15 &5 FR B B9 HE XM

XoF 7 d B AR ol PR 2R R AT AR G M A AT, &5
(% 6) £, ZHIMBRIWHE ICE6 5, FFAEM 9
PR R S T R R e T R R
5 A I S O 2 LA DG AR ) o
iz SRR R R O OC TR TTAE I i e
Jiti ICE6 J& , 7= it 5 A T Y R R i A5 T

iR R R+ T B 2R D S A R+ 7 5E T
W SRR B o A B O 2 IR A G, SR T
JRUE b A SOREOG . UL e B R
1 E AR S RAR IS OG5 RE T, B s G A )
W AR R B T B S SO T, DAt
FCRFRL 5675 o3 TR S0

%5 AERTE ICEG BEMEANE T 7= 5 E M Al I 3 2 [ AR 5 14

S

Table 5 Correlation analysis between yield and its components un-

der ICE6 spraying at different stages

- LB
b BRI A £zt
s T HRIEL
2t PR 1.000
R 0.668 1.000
TR EL 0.935* 0.529 1.000
ThL BT 0.978 ** 0.789 0.876*
FFAEH i 1.000
T 0.683 1.000
LD IR 0.993 ** 0.643 1.000
B A 0.866* 0.547 0.835*

* R B IRTE 0.05 F10.01 AKF B A,

£ 6 A EIRHE ICE6 BifE4LIE T 78 54 SR R¥FIE K 1545 B A48 X534

Table 6 Correlation analysis between yield and material accumulation and transport indices under ICE6 spraying treatment at different stages

R FREL
IR S
YD DF MF AF TF SL SG
Zp R YD 1.000
DF 0.901°* 1.000
MF 0.968 ** 0.976 ** 1.000
AF 0.983 ** 0.950 ** 0.995 ** 1.000
TF -0.982" -0.892°* -0.967 ** -0.986 " 1.000
SL 0.908 * 0.992 ** 0.982** 0.962 " -0.909 " 1.000
Na 0.675 0.539 0.589 0.603 -0.645 0.469 1.000
CGFM 0.983 ** 0.951 0.995 ** 1.000 ** -0.986 0.963 ** 0.600
iR ] YD 1.000
DF 0.624 1.000
MF 0.990 ** 0.722 1.000
AF 0.996 ** 0.576 0.981* 1.000
TF -0.962 ** -0.457 -0.938 -0.982 1.000
SL 0.949 ** 0.829* 0.984 0.932** -0.873" 1.000
e 0.878* 0.819* 0.931* 0.873" -0.839* 0.954 " 1.000
CGFM 0.997 ** 0.583 0.983 ** 1.000 ** -0.981 " 0.936 " 0.875*

YD .DF MF AF TF SL.SG .CGFM 4y 53R =i JHEH TP i B W T A R s T R B a JEm ey iz & 2
B+ R T R B R+ T T AR B A S s B A A R R ARSI R AE 0. 05 F1 0. 01 /K- I i A5G,
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3 1
3. CEINBGMEANEFEREMBEESNY

A

FUE BRI R4 XN A 7= v i P AR ™ 1Y
R AR IR R A, TE SRRINEZ bR,
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