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FEE. U KRG AR R 1 BN AR KR B R RS2 AT LI 22 18 FIARAR 19 jb
HER RN R AR T 20, 7/ AT K 5 d 10 d F 15 d A0 DTG K AR 38R 5 BB (CK) |, 43 BT 27 A
Hﬁvk%éiﬁj‘lﬂxﬂzkfﬂi):d FERRILE PRGN 8 A R W, 458 %0. %%,ﬁﬁo%k

ERMNEA TR RTEAS PrALI A 5, B2 BUK RS B A e, 785 6 d F1 18 d, AR+ /2
J\%ffﬁ/%;’iwﬂﬁt: FHRFM A BRI AR - H 2 Rl a3 B BUKFRE A A BT, MR R BRI R
K OBEIHRFER BRI AR ERS CK MAAEXMEZEAR K, B2 IE K R Ee i [ Y, 165 18 d
AN 2R AR E ALY AL (SOD) 16 M i AL W ( POD ) 15 PR 2 s/ a3, T P9 8 ( MDA) 7 £ S 34 0
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Z SOD %t . POD 1% MDA & i S i 2 (B AR DG AR 2
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Effects of waterlogging at booting stage on post-flowering root morpholo-
gy, antioxidant enzyme activity and grain yield of wheat
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Abstract: To clarify the effects of soil waterlogging during the booting stage on the growth and development of wheat

root in different soil layers after flowering and yield, this
Y7 H 5 :2023-03-06

EEWE LR R EF BP0 H (2022AH050906) ;5 [F1 R 2
R AT A I 2R3 00 H (202110364044 ) 5 [/ 52 A
SRR A4 0 H (31801287) )
P logging treatment was used as a control ( CK) to analyze

B G (1995-) ) 2T A, Bk BF gk, Eopgy  (0sEme
D1 /NSE AR A B E 25 (E-mail) houjunyouhn @ 126. the effects of different waterlogging durations during the

com booting stage on the root morphology and antioxidant en-

study used Yangmai 18 and Yannong 19 as test varieties,
and used tube planting to treat wheat with waterlogging for

5d, 10d, and 15 d during the booting stage. The non-wa-

BIRAEE : 5, (E-mail) msyly22@ 163.com zyme activity in different soil layers after flowering, yield
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and its components of wheat. The results showed that waterlogging during the booting stage could significantly affect the root
morphology, antioxidant enzyme activity after flowering, and yield of wheat. With the prolongation of waterlogging duration
during the booting stage, the cumulative root length, cumulative root surface area, cumulative root volume, and average
root diameter of wheat roots in different soil layers showed a decreasing trend at 6 d and 18 d after flowering. Under different
waterlogging durations, the relative values of cumulative root length, cumulative root surface area, cumulative root volume,
average root diameter to those of CK had no significant change. With the prolongation of waterlogging duration during the
booting stage, the activities of superoxide dismutase (SOD) and peroxidase ( POD) in roots at 18 days after flowering in
different soil layers showed a decreasing trend, while the content of malondialdehyde ( MDA) showed an increasing trend.
The dry matter partition index of stems and leaves during the mature stage of wheat showed an increasing trend, while the
dry matter partition index of grains showed a decreasing trend. Waterlogging during the booting stage reduced grain yield by
affecting kernel number per spike and 1 000-grain weight. The cumulative root length, cumulative root surface area, cumu-

lative root volume, root SOD activity, POD activity and MDA content at 18 days after flowering in 20.1-60. 0 c¢m soil layer

were significantly correlated with yield.
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INZZ (Triticum aestivum L.) =R~ KIRE
VEY), F205 T HER 30% 2247 A E Y R E
INE A2 2T E AR ICE RS Bt N R 2
ERNE RGN EERN R Z —, 2ERA1.0x
107~ 1.5% 107 hm® ¥ = Hb TA1 16 357 35 A9 B, 4545 DR 3
FARSR 7 TR A R R 20% ~ 50% 1 K
VLR e DR BN A 01 T 5 A X i X
R 2R T e R M ot T b, S BUNE 7
Yl R R R

DKM INE AR R T L Y52 e AT 85 22 i
Fo —MOATY  BUKIN/NAZ AR P P B AR AU 2 A
MR ARPR CO, O ifb A G A EAFAHY
Jor bR AR 22 BELATHAR 28 A= 1< B XS 33 23 i, i
SR 1A B R EUNERRIET T Ar
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SYBER/D ACIATTRS RO AZ B R R L A Ry
fiE. De San Celedonio LI W T N TR O A
e SHNoh 7 R = S A O 5 0 5 R A B S A A T
HESIRB/NER R IR RIS B 20, Lin
SR AMHT T BT UK AN SE R /N2 T T 43 AN
PR IZEG R, KA /N A K R F ™
FRTRIINS | Fh 325 AT R PR A S R A3 1 T
FVFHSCHES M 221k 3 23Ul DR ERL h 2 1 BT FE By
(845 B, (AP it T R

INAE BRI B R AR K S AR B AR KT R R IR
TEAA R S UK a2 B N AR R
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Fep= iR AEBUK N AR R 50 T, B
FPESET A3 BT 1 2 RIS K X /N 22 A 2R Rk 1 3
W, Y AE S AT T AR SR BUK A /N AR RIE A
Mo BT B RIS R, EIRRESE R E
PABEA R AT TR, TIRHBUK R A FIAREAR &
A LERAEACIR PRI ER Z 00T . i BB KT
AR 2N R AR R AT ), AR i i A [
FrZEI ] AT K AR ] A 2 RIS K 30 X5 /N AEAS
AR IR RIS AR B A LR AR A5, DL KX /N
A2 RSN ZR BN LU E WK /N AR
ARSI , S/ INAZ Tt ot B R AR BT S B A

1 MRSk

1.1 Rt

I T 2020 4F 11 A -2021 4E 6 JI fE4 84l
KphE PR B 36 (30°57'N, 117°01'E) #47, iR
Hi b TS B o RS IX AR R 1 181.1 mm,
INFE A WK B 681.1 mm, 4E 1 H BRI
2209.6 h, LG 240 d, 4% pH y 5.93, A HLI
N 24.99 g/kg, BHEAR S EON 1. 22 mg/kg, Bl
iR B s oA 119.00 mg/ke, A AW & &= R 17.70
mg/ kg , HAE E 5N 179. 00 mg/kg,

R E AL 110 mm 5 1 m B PVC &4
TR, R AR AT Ry 2 | P FH ol il 42 31— ke
R 3 20, LIMRAIE R R | [ A o
PREEHEUR], SRJEH PVC B T a2l a2 %
AW 3 0 5 BN PVC 8, K UisE, i £
W EBE TP AT R, AN R ey
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M5 cm,

LI 18 FHAR 19 1E kg Ak, T 2020 4F
11 H 11 HEEFR, & A RE P 96 4 A 75 Fh 3 kitf
TR, T DU R 1 Bk, 4l & A iRl 24
g/m”  WEAE(P,0,) FIATAE (K, 0) Ay it F & 43 51~ 13
g/m> 12 g/m”  BACKLE LS 5, B AR 2
SR AT R AR . Y S0% /N 2L BE
T S5 2 0 (i EEE B IR 2 em TER RS L5 ()4
T AR, B2 R (3 A 15 H ) BTk A EE, #5
SEIFEIA 5 d 10 d 15 d, PAJG KA EE A X iR (CK)
TRAbIH 24 45 BUKALBERT e PVC K,
K AERFE T HERIZD E1~2 em KJE,
1.2 MEmMESAZX

fEfbfs6d(4 23 H)5iER 18d(5 H2 H)
A, A b PR BE U B — 301 6 B MWE LRI, 1
Je s T G R AR R ekt B S AR R 4
B AW ACK PVC BT £ SRR,
WA B RIRETFTH#0~20.0 cm,20.1~40.0 cm,
40.1~60.0 cm,>60.0 cm 733648 3 & H TH &
JEAMIAE 3 R AL S & T -80 C K
FEVR RO FAVE AR G 15 PR 22 . FIF WinRHIZO
Pro 2016 MR ZHEMGHIT AT 12 R RIFAR K
FIHRREA | RIHAR R R R, S
HAEM TS I E T 18 d ANE )2 AR
AP AL (SOD) 1k i E ALY B (POD)
P AN % (MDA) &, BN Ab 3 3 IREE &,
FIFAARFEACFE R AES 18 d 20.1~60.0 em 4 JZ 1R

F1 ZEHARERANELETRAELENERRBITIRK

REMRE  BIRER AL ZIMRAR AR E
& POD 75 SOD TEME K MDA &5 250 577 it
HEFTAHSCAE ST

IINAZ BRI A5 A B R B A — B 6 AT
Fifr A5 325 b BB A5 25T 0 OFFRL B (5 BT
F14) o0 £ B RS DA 0T o o B B K R i K
H13.0% R A A BFF R i, L B ERAS AR E (2
M R S T R BCAE BC L B AR E T
Jo e S AR R L T R A E
1.3 #Fit5o9%

F ] Microsoft Excel 2019 IBM SPSS 24 Z&# {7}
BEFTEIE ST 5 07 22 400 | B A 3 5 A DG 1 4y
Mt , I Origin 2021 3R4A4-2E47 ]  ZRAIZH

2 ZER55HT

2.1 RAKEMEIT/NERRZAESH M

2.1.1 kst ZAR R R AR K Hm A
IR RIBUK Rrgeif B AL PR, 522 18 A2 19
fEJa 6 d F 18 d Al 1 EZ B K IER 1 fox,
21 AT Bt A R ST K R S B ] B3 hn , 7
feIE 6 d A R R K Y 2 B> B, i
K5 d.10d. 15 d ZbHE 4 4+ 200 BIHR KA
FT CK, K 15 d 2bH ) B iR K Ak, B
K5d.10d.15 d 4T 2 MEFEE 6 d A £
FEEIMRK S CK MAHXMMEZ R A K, 7 18 417
H 63.5% .60.0% .56. 8% , M4 19 4354 65.0% .
59. 4% 44. 1%,

Table 1 The cumulative root length of wheat roots in different soil layers under different waterlogging treatments at booting stage

)5 6 d AR 2JZ2/DERR BRI (em)

FEJ5 18 d AJF] )2/ N EMR R RIHARIE (em)

aa UK
AsrE] (d) 0~20.0 20.1~40.0  40.1~60.0 >60.0 0~20.0 20.1~40.0  40.1~60.0 >60.0
- m m cm em em em m
"4 18 0(CK) 5 715.45a 4 404.22a 4769.13a 4 871.35a 5 119.38a 3 944.89a 4 271.76a 4 363.31a
5 3 628.30b 2 795.90b 3 027.56b 3 092.45b 4339.53ab 3 343.95b 3 621.02b 3 698.63ab
10 3 427.75b 2 641.35b 2 860.21c 2921.51b 4 051.31b 3 121.86b 3 380.53¢ 3 452.99b
15 3 245.16b 2 500.66b 2 707.86d 2 765.89b 2 864.10c 2 207.02¢ 2 389.89d 2 441.11c
M4 19 0(CK) 5 330.94a 4 107.92a 4 448.29a 4 543.63a 3 603.08a 2 776.46a 3 006.51a 3 070.95a
5 3 465.86b 2 670.72b 2 892.01b 2 953.99b 3 036.20ab 2 401.98b 2 601.00ab 2 656.75b
10 3 166.79b 2 440.26b 2 642.46¢ 2699.09bc 3 117.11ab 2 339.64b 2533.49bc 2 587.79bc
15 2 350.55¢ 1 811.29¢ 1 961.36d 2 003.40¢ 2 596.85b 2 001.08¢ 2 166.88c 2 213.33¢

(5] — i ol ) — 51 507 S AN ) /N 5 R Z R AN [R5 /K - B I B W] 22 5 2% (P<0. 05)

FEJE 18 d, PRI [F] 1 )2 B BT AR B2 7

SIS KASF R I [ A 3 T [R] A5 S /D 3, (E Ak B ]
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2 St e T — 28 Mk K 5 d 10 415 d Ak
TG 18 d A LZRIMEKYS CK B H(E2
SIRAK, #5218 43514 84.8% .79. 1% .55. 9%,
HHAE 19 4351 86. 0% .84. 8% 72. 1%, XfIHLKFE,
o5 18 d, AL E/NER R BIFRK 5 CK iy L
EIRR) TRRIET VK FERER S, /NER R AE
K8 T —EBENIKE H i AREH CK K,

212 dkmast s EAR A R iR R ERG YR 5
FIHRK—HE, bl 2 BB R R A ] A 38 2 A4~
INZZERFAES 6 d F 18 d ANJRI )2 B MR A At
WK 2) , WG 6 d,2 NEATIKS~15 d 4R R

x2 ZEBAAERRANELETARLENERRZAZRITREER

1) BT HRR AR B LT CK, PRFETK S d bt
K 10 d ALFE 557K 10 d ALBRFNE K 15 d ZbFH0~
20.0 cm HJEHEITHRERIZE A LE HEK 15 d
SEFR) BRI AR R AR R THK 5 d 403, Bk
5d.10d.15 d AHE R EJ5 6 d g L2 B R FE AN
5 CK MHAEZE R AR, 3542 18 539l 55. 4% 45. 1%
36. 0% , M4 19 43514 53. 8% 48. 0% 38. 9% ; 4E)5 18 d
i, BAR A )2 B HRR AL CK i LAY JCH &,
25 A7 18 A )2 BIHRER IS CK A
BTN 96.7% . 87.2% . 57.3%, M 42 19 42 T+ K
92.0% 84. 9% 79. 8%,

Table 2 The cumulative root surface area of wheat roots in different soil layers under different waterlogging treatments at booting stage

L5 6 d AIF L Z/NAMR R GRTR (em?®)

TEJ5 18 d R L R/NE MR R BRF (em?)

o ki
AsfrE] (d) 0~20.0 20.1~40.0  40.1~60.0 >60.0 0~20.0 20.1~40.0  40.1~60.0 >60.0
om om om om om om om om
%7 18 0(CK) 596.41a 459.58a 497.66a 508.33a 484.09a 2717.78a 268.68a 265.24a
5 330.56b 254.73b 275.83b 281.74b 468.02a 268.56a 259.76a 256.43ab
10 268.85bc 207.17¢ 224.34c¢ 229.15be 422.09b 242.20b 234.27b 231.27b
15 211.74¢ 163.16d 186.68d 180.47¢ 277.31¢ 159.12¢ 153.91¢ 151.94¢
M4 19 0(CK) 505.74a 389.71a 422.01a 431.05a 322.49a 170.57a 178.99a 176.70a
5 272.10b 209.67b 227.04b 231.91b 297.25b 156.19b 164.98b 162.87b
10 242.93be 187.20b 202.71¢ 207.05b 272.20bc 147.47¢ 151.07¢ 149.14bc
15 196.82¢ 151.67¢ 164.23d 167.75b 256.99¢ 136.88d 142.63d 140.81c¢

(7] — i ot ) — B B8 S AN R/ IN ' B B R Z R AN [R5 /K e R AR B 22 5 8 2% (P<0. 05)

2.1.3 R N AR R R A ARAR ARG B om
HEHRK B R4 | fE 2 RE K Ay
ZEIFRIIE N, 2 /N ARG 6 d Fi 18 d AN
T2 BT R (% 3), )5 6 d i,
Wb FPEKS ~ 15 d A B ORTE )2 B9 SR IR
P ERT CK, BiKk5d.10d.15 d 3T, )5
6 AT fi L2 B RIAE S CK WAEXEZ S AKX,
W7 18 N 42.9% 42. 7% .32. 5% , AR 19 43
HIh 44. 5% 39. 0% 34. 3%, fE)5 18 d i, AN £+
R Z [Hf 22 i kA T —2eAs fp H A
BRAAE K 5d.10d. 15 d 3T, 65 18 d
A+ 2 BRI CK A EZE R A K, B
F 18 43514 97. 1% .95. 0% .58. 2% , 4% 19 43 3]
95 1% 72. 4% 69. 6%,

2.1.4  GrKMpAAT AR AR FH AEG PR 5
SR BRI BT HARAR A B2 R
BUKFFZERT R g N, 2 A~/ A eSS 6 d 118 d

AR TZRFH ERER D ER(F L), HF6d
i ,2 A FIEKS ~ 15 d ABFE R AN )2 AARSE 2 1
BB EART CK, #iK 5 d.10 d 15 d 2R fE)E
6 d T LZMFHEAS CK MAHXHEZE F AR,
W4 18 351N 86.9% .80. 0% .80. 0% , 4% 19 43 %
7 83.9% 80. 4% 76. 9%, 1£)5 18 d #7 18 Fifs +
ERF B EAE S CK W HAE 53 3 3 T+ A 97.2%
96. 5% .88. 4% M4 19 5 L2 MR HAE S CK
1 HAE 2> IR TH A 96. 8% 95. 5% 84. 5%,

2.2 RIKEMEX/NEIRFR SOD &M POD iEHER
MDA &=/ M

221 FrkmMEasHs ZAR R SOD EheHn iz
SRR RREE ] B 3G, 2 AS/NZZ Rl AR S 18 d AN[F]
HIZRER SOD I HERW S EIH(ERS) , BiK5d.10d,
15 d b3F 4E)5 18 d A )2 R SoD {EPES CK
FIAHXT(E G A 22 53, 42 18 205N 96.4% . 92.5%
88. 5% , A< 19 435K 96. 9% 94. 5% 91. 2%,
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Table 3 Effects of different waterlogging treatments at booting stage on the cumulative root volume of wheat roots in different soil layers after

anthesis
ok G 6 d AN LR R SAF (em?) B 18 d AN £ZMR R BAF (em?)
ih ME (d) 0~20.0 20.1~40.0  40.1~60.0 >60.0 0~20.0 20.1~40.0  40.1~60.0 >60.0
cm cm cm cm cm cm cm cm
W# 18 0(CK) 4.97a 3.83a 4.15a 4.24a 3.38a 1.53a 1.42a 1.26a
5 2.13b 1.64b 1.78b 1.82b 3.32a 1.50a 1.40a 1.18b
10 2.12b 1.64b 1.77¢ 1.81b 3.21a 1.45b 1.35b 1.20b
15 1.62¢ 1.25¢ 1.34d 1.38b 1.97b 0.89¢ 0.83¢ 0.73¢
JHAE 19 0(CK) 3.82a 2.94a 3.19a 3.26a 2.20a 0.99a 0.92a 0.82a
5 1.70b 1.31b 1.42b 1.45b 2.08a 0.94a 0.88a 0.78b
10 1.49h 1.15be 1.24¢ 1.27b 1.59b 0.72b 0.67bc 0.59¢
15 1.31b 1.01¢ 1.09d 1.12b 1.53b 0.69¢ 0.64¢ 0.57¢

[7) — ity o [7i) — B R 5 AN ) /NS ek R 2 BRI ) 35T 7K R 2 P [ 420 R ) 22 53 1 3 ( P<0. 05)

F4 ZEHAFRBRANELETARLIENERRFEHER

Table 4 Average diameter of wheat roots in different soil layers under different waterlogging treatments at booting stage

5 6 d AR LJER AP HAE (em)

S 18d Al LERFFHER (em)

e WK HRLE
mpE] (d) 0~20.0 20.1~40.0  40.1~60.0 >60.0 0~20.0 20.1~40.0  40.1~60.0 >60.0
cm cm cm cm cm cm cm cm

%7 18 0(CK) 0.41a 0.34a 0.29a 0.26a 0.36a 0.26a 0.22a 0.20a
5 0.36b 0.29b 0.25b 0.23b 0.32b 0.26a 0.22a 0.20a

10 0.33¢ 0.27¢ 0.23¢ 0.21c 0.31b 0.26a 0.22a 0.20a

15 0.33¢ 0.27¢ 0.23¢ 0.21c 0.29¢ 0.24b 0.20b 0.18b

JHA 19 0(CK) 0.37a 0.31a 0.26a 0.24a 0.29a 0.24a 0.20a 0.19a
5 0.31b 0.26b 0.22b 0.20b 0.28a 0.23a 0.20a 0.18b

10 0.30b 0.25be 0.21be 0.19b 0.28a 0.23a 0.19b 0.18b

15 0.29b 0.24c¢ 0.20c 0.18¢ 0.25b 0.21b 0.16¢ 0.16¢

[ — it o ) — 5 5 S AN ) /N 5 B R 2 R AN [ 35T /K A 2 [ Ak B ] 22 e (3 (P<0. 05)

x5

ZIEHAARREIRK AR T/NETE 18 d REILER % SOD &%

Table 5 Superoxide dismutase ( SOD) activity of wheat roots in

different soil layers at 18 d after anthesis under different

waterlogging treatments at booting stage

A LZWE SOD 1% (U/g)

il WKRFSE
WA (d)  0~20.0  20.1~40.0 40.1~60.0 >60.0
cm cm cm cm

%77 18 0(CK) 538.88a  600.92a  609.08a 429.91a
5 507.80b  561.65b  595.47a  430.82a
10 474.64c  560.61b  541.89b 428.91a
15 452.50d  532.52¢  534.08b  402.71b
A 19 0(CK)  508.78a  579.18a  560.65a 435.59a
5 485.85ab  544.90b  553.24a 433.47a
10 479.82b  534.64b  520.61b  429.90a
15 442.30c  503.27¢  519.80b 428.43a
[ — b ol R — I BT 5 AN [R) /NG S 3R ZE RS [R] 958 7K A 252 B i)

Qb PRI 22 5 B 3 (P<0.05)

2.2.2  gKkmRExT N EAR R POD EHE R0 BE
ZEFE WK R S B ] A B, 2 AN /N SRR AR R
18 AR HJZR AR POD WG EIR 2 (£ 6)
HiKS5d.10d.15 d 43, fEfE 18 d fir s HJER
F POD WEPEYS CK WAHXMEZE A K, 4 18 77
BN 94.9% . 90.5% . 87.9%, M A& 19 4 H K
91.2% 88.6% .86. 8%,
2.2.3  FrAKMME T 2 AR R MDA 4
FE DT 35T K KR G i o] 0y 35 0, 2 A/ 2 R AR fS
18 dxlﬁli)%ﬂ%%i MDA it ¥ (£ 7).,
BUKS5d10d. 15 d BT, )5 18 d T L2
A MDA &5 CK IWHXHEZ AR, 3 18 4
WA CK ) 115% . 126% . 141% , M4 19 43 51 K
116% 126% .140% ,

gﬁ E%uﬁ I}ﬁ
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*6 ZEHARRANELETNZRE18d AELERERE

POD &M%
Table 6 Peroxidase (POD) activity of wheat roots in different soil
layers at 18 d after anthesis under different waterlogging

treatments at booting stage

AN LERZE POD IEME (U/g)

il BUKFFLE
W (d)  0~20.0 20.1~40.0 40.1~60.0 >60.0
cm cm cm cm

W% 18 0(CK) 86.71a 92.74a 92.08a  75.13a
5 86.89a 88.74b 85.67b  68.03b

10 83.71a 88.60b 76.15¢  65.59b

15 83.45a 85.94¢ 75.11c  60.94c¢

A 19 0(CK) 82.37a 84.52a 83.6la  63.46a
5 76.50b 79.45b 72.11b  58.34b

10 76.74b 78.99h 68.79¢  54.16¢

15 76.69h 75.95b 66.70c  53.50¢

[7i) — ity o i) — B G0 J A ) /NG b 2R 2 R AN [R5 K R 1)
Ab P 22 57 4.3 (P<0. 05) .
F7 ZEPAREZRKHEDLETNELE1I8dAELERER T
B (MDA) &8
Table 7 Malondialdehyde ( MDA) content of wheat roots in differ-
ent soil layers at 18 d after anthesis under different water-

logging treatments at booting stage

AR LJZM AR MDA & (pmol/g)

aa DUk
WA (d)  0~20.0  20.1~40.0 40.1~60.0 >60.0
cm cm cm cm
Wk 18 0(CK)  6.02¢ 431c 429¢  5.07¢
5 6.49bc  5.38b 517b  5.47b
10 6.87b 6.37a 5.62b  5.65b
15 7.91a 6.39% 6.05a  7.30a
HHA 19 0(CK)  4.62¢ 3.36¢ 320c  4.17d
5 5.16b 3.76b 4.04b  4.68¢
10 5.28b 4.5la 422b  5.16b
15 6.39 4.66a 4.62a  5.72a

Tl i o 7] — BT AN /I 7 R 7 2 B0 R ] K ]
Rb B 25 5 25 (P<0.05)
23 mAKBMEI/NER AT RS EM~ZER
A
2.3.1 KR AT E R I T R B A
Z{ FE I AS [R) 35 7K R [ Ak B X6} 7N A2 B2 1 4 S 4
BLHs B sgm e 8 froan, IR Rl LIE  biE
BOUKFFZLET [ 3G i, 2 A S Fp 2519 4 B R 40 2
KA A (E RS ) 14 FL R BUR AN R T
KPR S BCHE B D i, 2 Al CK, iR
FERL B 23 BE 48 B4 7E 49% LA L T 76 28 R 0 355 7k
15 dAbBE T, BB KFRL A9 43 BE 38 20003 ) T B 3]

37. 42% 1 37. 01% ; # ,2 Adh Rl CK, B 25 0t
(I BEHE B 51 R 32. 04% F1 32. 41% , T K 15 d
A0 FR, ZE gy BT 45 o Wi GO &= 44, 72% F
43.23% , F AT WL ZE RN B K Ak 3L | 25 R ) o
] R A 56 F% T BESZ BH.

F8  HEHIRE KA E AR T A MM R B E RS RIS
Table 8 Partition index of aboveground organs at maturity stage

under different waterlogging treatments at booting stage

SRR (%)

B
; = FAb+BE R

18 0(CK) 32.04c 18.04a 49.92a
5 37.34b 17.30a 45.36b
10 43.43a 17.19a 39.38¢
15 44.72a 17.87a 37.42¢

JHA 19 0(CK) 32.41c 18.27b 49.32a
5 36.71b 19.89a 43.41b
10 40.96a 19.57a 39.46¢
15 43.23a 19.76a 37.01d

]G P IR I AN /NG 7 9 s 2 B DY A ) K o 2 o]
Ab B 25 5 2 2 (P<0.05)
232 GrRARAstINE FER MR B F e AP
RIS KAD I /INAE 7 it B ™ R B S I A 9 B
No MERHATLIE ) WiKAR R 2 AN A RO
Bk AR A T H o DU i 5 58 /K R 82 [ 1Y)
RS, 2 SFETKS d~15 d AP TR
WEMTF CK, %7 18 i/KS d~15 d ZbPRTFRI T
WERT CK, HBUK 15 d ACH) TR i it i B K T
K5 d.10 d ZbFR {HIEEK 5 d 10 d A FE 2 fa] i Tk
IR EZES AR 19 UK 15 d ARBRR TR a2
Tk 5 d A3 35K 10 d 403K CK, PRk
AEFR) P BT CK, HKS d.10 d.15 d 4bFE
PRI B R, BUKA S BUNE B R
/N7 18 Bi/KS d.10 d ZbHERAY P R IR K TR AR 19
dn P TETK 15 d AR AR 19 B FRIR TR,

dn AP 5K B H 8 RGN X R i B
MR ZE BT 22 45 R 10 s, b,
d A R /N ZE B RERL ARG 3 22 5 (L S bR R T
LT FR B A R b T R R 5 2 R A5t K R A
BT S A AR TR DL S A
ERCA 5 RS 2R K ELVE X REA REORL R LA K
O NN ERTE 3 A VAN 3 O o A=
X, ZE R K 32 B o R /N 22 1 RO B R
T i, SR BT TR,
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F9 ZEHAARERKMNELEINEBR - EMEE RN
Table 9 Effects of different waterlogging treatments at booting stage on yield and yield components of wheat

i Wk A B ] s HORL TR i ik PRI
(A/H) (kD) () (1 ) (%)
W& 18 0(CK) 7.06a 53.13a 46.37a 17.39a -
6.94a 46.91b 42.51b 13.75b 20.93
10 6.90a 40.63c 42.26b 11.85¢ 31.86
15 6.95a 40.22¢ 39.14c¢ 10.94d 37.09
JHAR 19 0(CK) 6.89a 54.50a 46.09a 17.31a -
6.80a 47.55b 46.36a 14.99b 13.40
10 6.77a 39.13¢ 46.18a 12.23¢ 29.35
15 6.82a 37.88d 42.08b 10.87d 38.94

[ — it o i) — 5 5 S A ) /N 5 R R 2 R AS [T /K A i il Ak 22 S (R 25 (P<0. 05)

*10

FENSHER
Table 10 Analysis of variance (ANOVA) for the effects of cultivar

i KA R X BB PR T B R B A E R

and waterlogging treatment and their interaction on yield

and its components

\ Pt
A5 SRR — — — -
AL PR Tk A PR
i 0.001 0.468 <0.001 <0.001
ik 0.308 0.017 <0.001 <0.001
b K 0.933 0.349 <0.001 0.058

2 WAPAESS 18 d 20.1~60.0 em + 2R R MR
FEPR SR A S e Rk 11 R, R
A 2 DMRFMR R TR S S Z ] R ES
5 SOD ,POD 15 VE2Z 8] JHE 43 A7 A% I 35 B8 ik 25 1Y
O, P i AR R BT R F A B RAR &
FHRK LA AR R SOD POD % VEA H: 38 i TFAH 56
KFR M-SR ZR MDA & 4G B 5 35 A9 A 56 5%

11 HEIBERKR19ER 8dRERTERRBEEES~ENAXEY

Table 11 Correlation coefficients of root morphological indices and enzyme activities of Yangmai 18 and Yannong 19 at 18 d after anthesis

with yield
ATE Eist7N L S v Di SOD i&¥E  POD iEME MDA & fige:ie
% 18 L 1.00
S 0.70** 1.00
v 0.46** 0.62*" 1.00
Di 031" 0.43* 0.39" 1.00
SOD &% 0.70** 0.70** 0.53 0.34" 1.00
POD &1 0.37 0.46 " 0.52" 0.59 " 0.53" 1.00
MDA -0.78" -0.66 " -0.54" -0.23" -0.61" -0.38** 1.00
P 0.78 " 0.73 ™ 0.61" 0.41" 0.72" 0.54™ -0.65** 1.00
TR 19 L 1.00
S 0.35" 1.00
v 0.31" 0.51* 1.00
Di 0.086 0.45" 0.43 ™ 1.00
SOD it 0.49 " 0.40* 0.68 ** 0.27 1.00
POD Ttk 0.22 0.45* 0.66 " 0.62" 0.49 ™ 1.00
MDA -0.78 -0.48" -0.69 ** -0.42" -0.69 " -0.48 " 1.00
s 0.78** 0.58 " 0.69 ** 0.39 0.67™ 0.52* -0.74* 1.00

L.S.V.Di 53N 4E)G 18 d 20.1~60. 0 em + 2R R M RIHARK | BIMREZ WA R MR ARTHER, M 53R MO E IR B 8 25 K7
(P<0.05) FIff i /K F-(P<0.01)
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IR R 235 1k A K, ) I PR Bl 25 K = AR 2R 9 3T
T2 g PRI A R AR TUK3 d,
INEARRIIRK S CK Jo I 3 22 5%, Wi7EwiK 6 d Al
9 d 5 EMT X, AW kB, 5K 5 d
J5 AEIG 6 d 42 18 T 19 H/NER RIE 3545
B2 B E R AL BUKL LR A F 2R A ES
Febr CK M HU(E 22 SR K, HLREE & I bR, 1
JEARF L Z AR R AR MEREARS 2 TR,

BOKAEE T, /N ZR 27 A K Y T 1 4
G BRI, ik 22 0 3% M RN 39 I 2 R AIK/s
27 3 7% 24 0 S 14 B g a7 1 | et 9 e B HE X e AL
BRI IAE S Y Lin 457 Wang 8507 5T
ZER R BUKA LG /NEIR R APX (CAT 5 Hii%
it P 6 P2 AN TR R b ARG, AR5 & BRL, Bt 5
ZEREHI UK BRI 2 AS/NE R AE S 18 d A
[ )2 FR SOD  POD i :# 52 FEAR 34, MDA &
RIS 2 AR AR IR R 22 5%, /)
FIRFZ SOD POD EHU AT G M 5IR RIL S br
FEE B IEA R . R AR MDA & 5 5 W4 iy
(I REERE L S AL K 7, K 8 R AR &R MDA 5 2 3
i, VEBAT K RENSRAR R EALAE T, NSk AR 2R % I
HIogEzER™

TOK L BRI R 06 e 1 KOG A AR T
[ 2700 T A P IR R SR R A
AeIa P AR & B, BOK BE RN T R
ENUNORREY/) 50 Ve 5 O (A S S A LV
KAz S5 0 S AR AR R g 45 R R MR Y K
AE 0 5 /N 22 AR, RO N TR BT o, O 32
T 3o 5 e RO SR e 7 AR S R IR AR I 5K
X FEEOC o 25 RE 0 R 2 A I AR B A B Tk
J e, 3K BB/ O 7 o b A PR 2R ) e A S 9t
KA K,

PR UK RR L R VA G, Al D
Marti 257 7T 45 FE W1, B WA 1 d A9 B5
], /N PR N2 1. 5%  AERITIK 24 d A4,
PR BRI 50% , AHESE H BE A A R K
S E RGN, 2 AN E RN PR R R R S

LRI 8, AWRIE LA, L) 18 d IR RIEA
SR BIR K BRI R BIHRAR) B
LB (SOD POD) 1EPE 5  BAFIEIEAH G R R R AR
MDA & 5/ BAFE N R,
4 45 8

Wi 25 2 K s ) B 38 i, A6 )5 6 d AT 18 d
UNCIENEYIY. 2 i EOE Sap iSO Say iE A e
FRARFR UL SAR -5 AR g a4 (e )5 18 d AN
W+ 2 &R SOD Fl POD i ¥ 7R 5 & AK#a #, i
MDA it Bk B[] B 22 A 4 35 /K 3 5% ) )
INFE A RS TR T R 2R, B4 K T 25 T R
SYTCFEEL, AR T /NZE PRI T4 A B de 4. 2
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