202445 H Z?ﬂkMTﬁ%ﬁ?ﬁ B EHSM

doi;10.6041/j. issn. 1000-1298. 2024. 05. 031

R R i 2 BT 5% i TP X 2 7
A5 7= R B

e AEx aAFE FE % F o &#
(1. RO B2 5 TR =B, Bt 2111005
2. VLI Ak K A BEUR = 80R 5 R HE TR IFFE 0y, BT 2111005
3. BT A KRR B IS e A FRTRAT A |, BN 310002 4. VTG4 HEMR K .03, B9 E 330201)

HE . RGBS PH T R X B i HAAN [ e Vb & 2 T 2 i hia O R AL K A= s s, R R IR 5 = N
SIHTARGS A T i BB 2/3 BRI 2 RS2 TR, S1(0 kg/m’®) \S2(0. 5 kg/m®) \S3(1.0 kg/m*)3 FlRID
i X HKE 6.9 d ARSI ARG I A K FE AR AR RE P AT T ORI SE 45 SR I 3 S W R OK AR ARG, 1 (R
AW, i R R 3 BE RS S T AR T 2 bR L AR N 9.35% (12, 75% ,2/3 W T M m AL HE in
11. 00% , (BB FINFIKFEAE A, PRS2 T bR = A4 BEEOE/ 33.49% (29. 28% , TR /N 30. 94% |, LL AT
FRAREXE LA K T, BRI R DR VDS E O — 2R TOKREAE K, 2SS R T
T g FEI /D 32.35% (58.72% (P <0.05) , 4553 FFhr oyl /N2 R R BT 78 1 52 W 5 7 bt T R 2R
, SER Y B A K IR S I IR B R, AR W T Je v S BOR ™ IR, S2 . S3 R s E L S1 R B
31.63% ,52.20% (P <0.05) MBS A 50 g FEoRi g 25 S0 TR SR M A R, R4S
SRR Sy 780 BH ) S S5 IR L 5 ¢ 2 A H RIS B 20 A AR PR SR RS A R S 4
S KRV KA, TR0 A, AL BT vr
RESEES, 511472 CEFRIRR: A EHES. 1000-1298(2024)050323-11  OSID; hieein

Effects of Flooding Stress on Growth and Yield of Double Cropping Rice
in Poyang Lake Plain under Different Sediment Contents
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Abstract; To investigate the effects of flooding stress on the growth and yield of double cropping rice
under different sediment contents during the flood period in the Poyang Lake Plain area, a combination of
field experiments and indoor analysis was used. Two types of flooding depths, including 2/3 plant height
and full flooding, and three sediment contents, S1 (0kg/m’), S2 (0.5kg/m’), and S3 (1.0kg/m’),
were set up. The growth indicators and rice yield of early and middle rice were observed and studied 6 d
and 9 d after flooding. The results showed that moderate flooding stimulated rice elongation, continuous
internode differentiation, and increased the leaf elongation and width. The height and internode length of
flooded plants were increased by 9.35% and 12. 75% during the heading-flowering stage of early rice,
and the leaf area under 2/3 flooding was increased by 11. 00% . However, excessive stress inhibited rice
growth. The plant height and tiller number of middle rice were decreased by 33.49% and 29.28% , and
the leaf area was decreased by 30. 94% . At this time, it was difficult for middle rice to extend beyond

the water surface, leading to severe sand deposition on functional leaves. The increase in sediment

YR H . 2023 10 -09 &I HIH. 2023 -12 - 12
E®WAE : /LA /KFRHEIH (202325ZDKT03 202124 ZDKT09 ) FlE 5 i 58 & 1303 H (2018 YFC1508303 )
BB/ HH40(1983—) B, 24z, i+, FE N FER K 4 98 U5 i 80f] FH B H A IR BE UM 5T, E-mail ; ysh7731@ hhu. edu. en



324 pia

b BB R

2024 4F

content further inhibited rice growth. Flooding resulted in an average reduction of 32. 35% and 58. 72%

in dry matter weight of early and middle rice panicles (P <0.05). The decrease in seed setting rate and

thousand grain weight was the main reason for the decrease in yield of early rice after being flooded during

the heading-flowering stage, and the influence of sediment content and flooding time was not significant at

this time. Under full submergence of sediment, the yield reduction of medium rice was intensified. The

yield reduction rate under S2 and S3 was significantly increased by 31. 63% and 52.20% compared with
that under S1 (P <0.05). At this time, the yield decrease was the result of the comprehensive effect of

spike length, effective panicle number, grain number per panicle, seed setting rate, and thousand grain

weight. The research results can provide theoretical and technical support for flood disaster management

and food security guarantee in the Poyang Lake Plain area.

Key words: rice growth indicators; sediment content; flooding stress; Poyang Lake Plain
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Tab.3 Sediment content during flooding treatment kg/m’
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I 1.0 0. 965 0. 947 1. 110 0. 925 0.984 1. 000 0. 950 0. 985 1. 048
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Fig.4 Effects of flooding on plant height and tillers at heading-flowering stage of early rice
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Fig.5 Effects of flooding on plant height and tillers at jointing-booting stage of middle rice
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Fig.6  Effect of flooding on internode length at

heading-flowering stage of early rice
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Tab.4 Effects of flooding on leaf width, leaf length and
efficient leaf area at heading-flowering stage of early rice
%/ cm 4/ em
e fl @2 #3 @1 @2 f#3
T S (T T

SIH2D6  1.52 1.15 1.09 2L.11 29.43 35.51 (78.10+5.41)®
SIH2D9  1.47 1.18 0.99 19.94 27.33 34.29 (71.48 +2.82)"
SIH3D6 1.41 1.17 1.07 17.34 25.07 32.26 (66.14 £1.32)°¢
SIH3D9 1.32 1.15 102 16.24 23.06 28.20 (57.36+1.67)¢
S2H2D6  1.43 1.21 1.06 24.04 30.14 34.03 (80.07 +4.16)®
S2H2D9  1.49 1.20 0.93 22.10 28.48 29.70 (70.90 +5.34)"
S2H3D6  1.32 0.95 0.93 23.65 27.20 30.35 (64.50%2.91)<!
S2H3D9  1.30 1.10 1.00 17.30 23.05 30.00 (58.33+2.03)¢
S3H2D6  1.53 1.20 1.13 23.33 28.40 34.50 (81.94+0.63)*
S3H2D9  1.48 1.18 1.12 21.08 28.53 33.93 (77.05+2.29)"
S3H3D6  1.42 1.09 1.05 20.17 26.92 31.63 (68.41 £2.43)°

S3H3D9  1.29 1.05 0.98 17.53 24.08 31.80 (59.07 +2.42)¢
CK 1.41 1.02 0.96 21.90 28.83 33.67 (68.98+3.38)°
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Tab.5 Effects of flooding on leaf width, leaf length and

effective leaf area at jointing-booting stage of middle rice

-5/ cm 4 /em N
A TR
wa 1 B2 B B B2 By o
T R R T T o

SIH2D6  1.46 1.13 1.02 33.70 33.50 38.10 (94.46 +4.14)®
SIH2D9 1.47 1.07 0.95 32.83 29.87 35.70 (85.70 £5.20)"
SIH3D6 1.30 0.99 0.89 27.25 28.88 33.43 (70.94 +2.93)%
SIH3D9 1.21 0.92 0.79 26.28 26.28 30.70 (60.67 +1.76)°
S2H2D6 141 1.17 1.07 32.33 32.55 36.45 (91.48 +3.93)"
S2H2D9  1.34 1.06 0.98 29.86 30.46 35.46 (80.92+3.60)°
S2H3D6  1.19 0.96 0.86 25.92 32.26 29.56 (65.09 +3.07)¢
S2H3D9  0.79 0.85 0.75 14.35 26.53 24.48 (39.89+2.49)"
S3H2D6  1.43 110 1.05 36.16 34.34 35.60 (95.24 +4.01)
S3H2D9  1.43 1.07 0.96 33.70 30.67 33.83 (85.16+0.66)"
S3H3D6  1.22 1.16 1.07 24.80 29.60 29.50 (72.38+1.49)¢
S3H3D9 0.00 0.00 0.00 0.00 0.00 0.00 (0.00=+0.00)¢

CK 1.40 1.15 1.08 34.23 39.17 39.40 (101.58 £3.61)*

2.4 TYRMESHE

WAESZ M S5 S, 4 Bl A 46 300 0 2L 2 0T
FE M)A AL F 25 BT s (K] 8) mA, B
FEFF A 32 W e J5 S B AR AR 22T
HANEREER I, BRI, 2/3 W (H2) T
M ZETY) RSN 9.00% (12, 14% | 1 4= 1
(H3) S8t XY RN 37.14% 14.03% .,
FE1) o i A 2 52 /N R 34, L I s 7K R 3 3 K I
FUR /N, AW T BT A L 2/3 W) 48.86%
B e Vb 5 s R 7K B[] AR 3 oo L AS A £ D] 52
W5 T B AR AN K, X2 PR R TR A2
T ST %) e 1 SR i PR T 25 ARG (R TS
YEHZ 2], e X S8 L K Z 8 T 520m,

HARSZ MRS S A3 AT R S AR 3 RN L0
FEM AR 25 BT R (] 9) AT, A2 R
o FET Y R N B 2/3 W6 d RECE
T AT I o, S Ak 3K T A D
TXAE PR SR g B ) 2 WA T RS S TR e S K T
PRis A BTG RS, 525 45 AL 3T o AR AL
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HAINIREE N 39. 03% , 1 4% (H3) By S8 25+
Yy B W (P < 0.05), 2 98/ i 2
46.59% 39.37% . 2/3 ¥ (H2) Fl4siE (H3) Sk
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Fig.9 Effects of flooding at jointing-booting stage of middle rice on dry matter at different growth stages
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Tab.6 Effects of flooding at heading-flowering stage of early rice on yield and its constituent factors

pi3L] B/ em B REE A TRLE RE TR &/ g 5552/ % P/ (g dh )
SIH2D6 (39.67 +2.85)" (19.13 20.23)>  (105.56 £7.55)  (11.57 £0.34)" (52.52+3.61)° (58.00 +5.54)"
SIH2D9 (36.33+2.03)° (19.90 £0.16)*  (104.46 £2.41)®  (11.75+0.25)®  (62.37 £2.63)°" (61.77 +4.44)"
SIH3D6 (40.67 £1.45)" (19.92£0.38)*  (114.92+6.35)*  (11.12+0.26)° (23.32+4.39)° (37.02 £2.87)°
SIH3D9 (39.67 £2.60)™  (19.50+0.41)®  (106.79 £3.56)*  (10.35+0.13)1 (24.73 £3.57)° (35.26 +4.48)°
S2H2D6 (40.00 £2.65)>  (19.12 +0.38)" (96.79 +4.74)"  (11.98 £0.15)®  (57.24 +10.88)™  (59.17 +8.18)"
S2H2D9 (38.00 £2.00)%  (19.32+0.45)"  (102.45+4.98)®  (11.66 £0.12)>  (67.75 +4.48)™®  (66.78 +2.30)"
S2H3D6 (45.67 £2.03)° (18.89 £0.17)" (90.10 £2.16)"  (10.84 £0.91)*Y  (19.35+5.77)°¢ (29.94 +4.65)°
S2H3D9 (40.00 +0.58)" (19.27 £0.32)" (97.74 £3.96)" (11.14 £0.27)¢  (27.74 £5.31)%  (37.86+2.87)¢
S3H2D6 (40.33 £0.88)"  (19.53£0.26)™  (108.95£4.22)"  (11.95£0.23)®  (71.33 +0.78)*° (81.25£2.79)°
S3H2D9 (42.33 £0.67)™  (20.01 £0.24)*  (105.59 £1.06)*  (11.740.16)"  (67.30 £3.54)™®  (76.02 £4.75)"
S3H3D6 (45.00 £3.51)®  (18.11 £0.41)° (93.12+£5.25)"  (11.85+0.29)®  (31.48 £4.82)%  (41.69 +5.00)¢
S3H3D9 (34.67+£1.67)¢  (19.57+£0.27)®  (109.00 +5.64)*  (11.13 £0.04)° (36.52 +4.37)¢ (38.44 £2.93)°
CK (43.56 £1.57)™  (19.38 +0.28)"  (103.41 £4.62)™  (12.05+0.10)*° (72.75 £1.56)° (83.92 +£3.24)°

x7 ZEPERREESFESHEHMAETFENEXREY
Tab.7 Correlation coefficient between early rice yield

and its component factors after flooding stress

i e AL TRL
Zm@% K - R 4hseR it
AREE -0.53

TR AL 0.68 -0.50

ZESR 0.17 0.02 0.11

ThFifEE  -0.09 0.11 -0.16 0.62

s 0.14 0. 20 0.16 0.95 0. 64

Wlrl =0.8 BEMRK;0.5<1r1 <0.8 FEAE;0.3<1r] <
0.5 LB, T,

Li LR, AR RE T AL 3] 52 98 3 5 EOAS ]
PR, HATE T o™ 35T 2/3 W, Je b i
HIHE KIS TR I RE AN 8, 285 B 7 i SO
DT K R AL 301 52 8 ol 3 ) 45 S AR AR 2 7™
it MREAY R BRI, TR R R R,

2.5.2 e AR i S HAR B (5 e

R AR YT 2 AR A2 W S T e B R i R A
8, 7 i 5 A F R A OGO R ILER 9,

FE AT FE (3 - BOK R 0™ 7™ 8, 4T Il
FER2/3 W T R E K 47.77% (P <0.05) , &
TR, YRV AT 2/3 VTR S 1R
FEARK, X REF R 2/3 W, KAETIREM F HeA T
Kz b Jetb It RMEE TR i b Dhfgm i e 20t
BVEFHFEATE H , R 2/3 W s 7= sl N s A R
HPewh & 8m Ak, RIb &% T e m
W W6 d I, 82 .83 R =& S1 W& Hhn
39.92% 60.86% (P <0.05) , & 9 d if,S2.S3 T
W R L S1Oi 3 N 23.33% . 43.54% (P <
0.05), WAER T A W ET, KFEAEREE 2
SR , AREZE LA K T KRS DI REM R
TRV s T A VR A A B )RR

RS HEETR2EHZTENTEREMHEE TR

Tab.8 Effects of flooding at jointing-booting stage of middle rice on yield and its constituent factors

Jb 3 FEK/em A RER A

HERLE R

TR/ g BESIRS % PR (g f ")

SIH2D6 (46.00 +0.58)"  (21.58 =0.32)

(141.43 £2.83)*

(10.04 £0.21)" (83.10 £1.63)"™ (111.44 £5.07)*

S1H2D9 (45.67 £2.03)"  (21.620.47)™  (139.40 +4.69)*  (9.78 £0.14)" (81.16 £2.04)¢  (103.60 +2.50)"
S1H3D6 (39.33£3.48)°  (20.02=0.58)¢  (99.58 £4.39)"  (10.390.17)®  (88.53+1.29)*  (87.91%4.91)°
SIH3D9 (23.67 +2.60)¢ (18.99 +0.31)° (95.52 +4.10)" (9.77 £0.07)"° (83.99 £2.32)"  (50.26 +7.04)¢
S2H2D6 (48.00 £4.73)™  (21.87 £0.41)*  (146.04 £10.78)*  (9.97 £0.10)" (84.74 £0.45)>  (119.15 £5.96)"
S2H2D9 (46.00 +1.53)" (21.49 0. 11)">  (142.83 £3.70)* (9.75£0.09)" (81.15+2.06)¢  (106.56 £6.60)"
S2H3D6 (22.00 4. 16)* (19.80 +1.01)°¢ (99.40 +3.43)" (9.77 £0.19)" (65.15 +6.03)1 (41.83 +5.50)1
S2H3D9 (17.00 £3.21)%  (20.81 £1.75)>  (86.98 +6.57)" (9.13 £0.46)° (36.81 £5.82)¢  (23.33 +4.06)°
S3H2D6 (51.00£1.53)"  (22.06+0.11)*  (133.79£5.49)"  (9.92+0.23)" (84.62 £2.24)  (117.97 +4.32)*
S3H2D9 (49.67 £5.17)®  (21.59 £0.42)™  (142.79 £6.05)*  (9.43 £0.04)° (81.59£0.63)¢  (103.45+9.86)"™
S3H3D6 (17.00£0.58)°  (19.75+0.38)°  (90.27 £5.78)" (9.61 £0.43)" (30.06 +2.89)¢  (17.67 +2.03)°
S3H3D9 (0.00 +0.00) " (0.00 +0.00)¢ (0.00 +0.00)°¢ (0.00 +0.00) ¢ (0.00 £0.00)* (0.00 £0.00)"

CK (44.00£1.00)™  (21.85=0.16)"

(133.85+6.32)"

(10.70 £0.12)*® (89.71 £1.22)° (115.43 £5.46)*
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x9 ZwpERPREFESHGNETENEXREY
Tab.9 Correlation coefficient between middle rice yield

and its component factors after flooding stress

FEa R . AL e . ThL
R T (SN _— HORRC  #5ER it
AREE 067

TR 0.88 0. 86

R 0.74 0.85 0.84

THBE  0.95 0. 65 0.81 0.78

s 0. 61 0.94 0.85 0. 86 0.58

FEOKAE A B E S, [ K ] 3
IS0 g — AN, 2/3 WA R, #K 9 d
SR MK 6 d 430 W K 10..09% |
15.99% (P <0.05) ,

ST  EEAR PR - AT A R A T A A A2 v
JoipE I 8 AR RS A AR BRI B S TR
i ZE A VEREE R K A RO Rk g S
A E R 500 91 0. 61.,0. 94 .0. 85, Hiydi/h T8
SRR LR SE R, P VD 5 s e A K, Th e
TR P B SR B TR, RS E R
S1 B, S5 58T BEIR AN K, U8/ 6. 15% 0B %
PV B HYHE R, 5 50 B ZE 0 N, AN X A /MY
FITE AW AW R S2 .83 4550K 11 S1 2 /)N
39.33% .79.40% (P <0.05) , [Fm};, I IAF1E S
A WK B ] ) S R R, S2 .83 R, A
9d FELELRE 2 6d B E W/ 31.58% .
33.50% , 45 AN i [ A AR AR S FHOC R K
ik 0. 86, A WLZE SR Rt 2 el i) 2 A

ZE LT, R IR T 2 23 W R
) G R 2 T AN R, (H 4 S B0 T B, U
PVD & I K RS2 i 2 . 255 4r i SO
PR -, TR A A A2 W e S R R
T A O R B SR TR LR AR
(25 S, Hoh 22 8 5 A RO RO 3R 245 S R 1)
R = i B AR Y A

3 g

3.1 AEREDEETZ BB KTEE KT

T K B 38 8 XU A 1) A R B A T E R
W2 ABIE T A B, RS BRI AL A2 v A K e
R A 1o BE (B s K R AR O R R, X
FRAERFEMAT B, P AR AR iR /DN P & R i AN
R 5 HP R J3E 52 W B S 7K R A A A (4
W EM G A, e S B, R
JeAE AR B — B L5, fE R WK Y E A T, 43
BEJC MR 5 AW bk ZEAT R W3 n . K

eI v e RS e /K A 27 s I A KA L, R B
W) TOKRRR S A KR E . AN, BRI
W1 2/3 WEF AR HE KA AR 11, 00% , 221
B, 2K I TR R /N 3 BRI e Vb f i G
S 5 TPORE AR T AR A2 e g R B K
TR A 7K s 18 388 000 1777 320 7 0 /0 | S [ 3 Vb 5 1A
FEAHE 9 d FRomd 3, Ak, &SP A e &
AT BEMI AW IS K AR St ZEE I I L T AN R AR
JEEVR/D | T Y 0 v K R [RD R | AKORS A2 5 A
PR RGNS 3R PR MK A T i
AR SRR | [ E E R & R Az B i R
AR FERE A I S A5/, KR I R S D A S
3 0 % A T B A R A S, AR BE A
KB, FURE AR A6 1 32 R T 2R 2Rt
T R K, R EE S K RS AL Ry TN A2 RS 4
SEARRAR, T B T TR K R K R A
ZAE G A A E AR R A R
hRE AR FEE T YR E R EFE DN (P <
0. 05) , T4y ot 2 Uiy ¢ I 5 360 5 38 38 o A WK 0
AN, BT B R T R N, kK Ak
e/ e W N (SR 5 3 Nk SR F 1) Y i s = (9=E|
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B RREVR ZEFF AT, i FTAR R R 401 45, [ B it
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