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Abstract:  To better study the influence degree of waterlogging damage on the growth and yield of rape, the quanti-
tative effects of different waterlogging duration stress at florescence on grain filling process of rape under different fertiliza-
tion conditions were systematically researched, Ningyou 22 ( conventional variety, C1) and Ningza 1818 (hybrid variety,

C2) were used as the test materials, the bucket cultivation

W FE B H8.2019-12-10 and pond cultivation tests with different fertilization

BT HZE B AR HAG T H (31201127 31471415 31601223 amounts ( NO and N1) and waterlogging duration of the
31871522) s ILAA A AL H ERIFHERH [ CX(19) flowering stage (0 d, 3 d, 6 d and 9 d) during the two
2040 s VLA A R BB R4 T H (6111648 6111645)

EE® T 5(1995-) 2o Mg Sk S5 A B BF 5 A DF9E T )

JAE ) &R e B L, ((Tel) 13611507966; ( E-mail )
2398675825@ qq.com taken as the main research objects. The results showed

seasons of rape in 2017-2019 were used as the experimen-

tal basis, the growth and yield formation of rape were
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cultivation, the effects of different fertilization and waterlogging duration treatments on the grain filling process of rape

showed the same trends, the rapid growth period of grains (SPW) was in 10-25 d of flowering, but there were differences

between different treatments of cultivars, fertilization and waterlogging duration. Waterlogging impact factor ( WIF') and pa-

rameter a of the Logistic equations were used to quantify the effects of different cultivars, fertilization and waterlogging dura-

tion on the grain filling process of rape, it was found that they could all recognize the effect degree under different condi-

tions, and the max WIF appeared when the waterlogging duration was 6 d or 9 d. Logistic equations could well simulate the

changes of the SPW increase with the days after flowering of rape under different cultivars, fertilization and waterlogging du-

ration treatments. In the same time, a general model for the grain filling rate of rape during the waterlogging period after

flowering under different fertilization conditions was developed. The verification results showed that the average absolute er-

rors between the observed values and the simulated values of SPW in two varieties were 0.021 4-0.019 O g, the root mean
square error ( RMSE) was 0. 026 g, the correlation coefficient was 0.970—-0. 976 (P<0.001), which showed good effects.
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Fig.1 Effects of different waterlogging duration treatments at florescence stage on grain filling of rape seeds under different fertilization a-

mounts ( bucket cultivation)
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Table 1 Parameters of the Logistic equation of the single pod weight variations in the grain filling process of rape under different treatments

of varieties, fertilization and waterlogging duration ( bucket cultivation)

e e LYISEES " ABUK a/ ) . MRFRE RERI ARG A Rk 21
FE] (d) K a (r) (R?) BME (Sig)

T 22 (C1) AHEHE (NO) 0 0.118 72.1 0.193  0.998 2**  0.996 (3. 0001y = 0.991

3 0.009 13.1 51.5 0.158  0.998 9***  0.998 (3. ooy = 0.991

6 0.093 1.3 237.8 0226  0.9881*  0.976 (3. 0005 ) = 0.974

9 0.062 1.9 47.5 0.172  0.964 4* 0.930 I, oo0s) = 0.974

WAL (NT) 0 0.193 51.0 0.196  0.999 2***  0.998 r((3. 0.001) = 0.991

3 0.175 1.1 47.1 0.176  0.999 4™ 0.999 r((3. 0001y = 0.991

6 0.204 0.9 35.6 0.131  0.998 8***  0.998 (3. ooty = 0.991

9 0.118 1.6 34.6 0.156  0.9834*  0.967 T3, 0005y = 0.974

TH 1818 (C2)  AAL(NO) 0 0.141 88.0 0.161 09959  0.992 r((3, 0.001) = 0.991

3 0.134 1.1 166.3 0.181  0.9958**  0.992 (3. 0001y = 0.991

6 0.262 0.5 113.5 0.116  0.997 6**  0.995 r(s, 0005y = 0.974

9 0.092 1.5 54.1 0.130  0.997 1**  0.994 (3. 0001 = 0.991

JEAE(NT) 0 0.167 54.4 0.197  0.9905*  0.981 T3, 0005) = 0.974

3 0.157 1.1 105.2 0216  0.9935*  0.987 (s, 0005 ) = 0.974

6 0.180 0.9 68.5 0.155  0.998 6***  0.997 r( (3. 0001, = 0.991

9 0.177 0.9 54.9 0.131 09895  0.979 (3, 0.005)= 0.974

a.b.c WIS,
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Table 2 Effects of different waterlogging duration treatments at florescence stage on waterlogging impact factors ( WIF) during rape grain

filling process under different fertilization amounts ( bucket cultivation)

BRI (g) BUKS A T (WIF)
i ﬁg#ﬁ% JEJ(ﬁﬁ%ﬂc AR AR b4 pilb 54
T2 FAI818 FHHM22  FE44 1818 T 22 FA4I1818  FM22 T4k 1818
(c1) (€2) (cn (€2) (C1) (€2) (c1) (€2)
ARHEAE (NO) 0 10 0.012b 0.010c 0.019¢ 0.015¢
17 0.029b 0.024bc 0.046¢ 0.03be
24 0.072a 0.044bc 0.089hc 0.053bc
31 0.097a 0.093ab 0.149ab 0.093ab
38 0.114a 0.117a 0.163a 0.148a
3 10 0.012¢ 0.009d 0.012d 0.013¢ 0 -0.11 -0.37 -0.13
17 0.024d 0.018cd 0.042cd 0.020c -0.17 -0.25 -0.09 -0.33
24 0.057¢ 0.037d 0.081bc 0.062hc -0.20 -0.15 -0.09 -0.15
31 0.085b 0.087b 0.131ab 0.08ab -0.12 -0.07 -0.12 -0.14
38 0.106a 0.113a 0.150a 0.122a -0.07 -0.04 -0.08 -0.12
6 10 0.010c¢ 0.008d 0.011c¢ 0.009d -0.16 -0.22 -0.42 -0.40
17 0.015hc 0.013d 0.031c 0.013d -0.50 -0.48 -0.33 -0.57
24 0.039ab 0.037c¢ 0.059bc 0.037c¢ -0.45 -0.16 -0.34 -0.30
31 0.082ab 0.061b 0.101ab 0.061b -0.15 -0.35 -0.32 -0.34
38 0.086a 0.111a 0.13a 0.117a -0.25 -0.05 -0.20 -0.15
9 10 0.006a 0.005b -0.47 -0.56
17 0.014a 0.012b -0.52 -0.50
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T2 FAI818  FHHM22  FE44 1818 T 22 FA4I1818  FM22 T4k 1818
(cn) (€2) (cn (€2) (c1) (C2) (c1) (C2)
24 0.042a 0.030ab -0.41 -0.31
31 0.042a 0.045ab -0.57 -0.52
38 0.062a 0.067a -0.46 -0.43
JRAE(NT) 0 10 0.020d 0.026d 0.012¢ 0.026b
17 0.072¢ 0.049¢ 0.029¢ 0.049b
24 0.130b 0.122b 0.081b 0.071b
31 0.173a 0.141b 0.104ab  0.135a
38 0.188a 0.166a 0.129a 0.166a
3 10 0.017d 0.022b 0.012d 0.018c¢ -0.12 -0.13 0 -0.31
17 0.055¢ 0.035ab 0.024cd  0.038c -0.24 -0.29 -0.17 -0.22
24 0.102b 0.103ab 0.055bc  0.067hc -0.22 -0.16 -0.32 -0.06
31 0.147a 0.138ab 0.096ab  0.131ab -0.15 -0.02 -0.08 -0.03
38 0.165a 0.152a 0.098a 0.158a -0.12 -0.08 -0.25 -0.05
6 10 0.015d 0.016¢ 0.01¢ 0.016¢ -0.25 -0.36 -0.17 -0.38
17 0.045d 0.029¢ 0.015¢ 0.029¢ -0.38 -0.41 -0.48 -0.41
24 0.082¢ 0.065bc 0.055b 0.065bc -0.37 -0.47 -0.32 -0.08
31 0.124b 0.118ab 0.082a 0.118ab -0.28 -0.16 -0.21 -0.08
38 0.165a 0.150a 0.086a 0.150a -0.12 -0.09 -0.33 -0.10
9 10 0.012b 0.016d -0.38 -0.38
17 0.041b 0.029¢d -0.43 -0.41
24 0.056ab  0.043c -0.57 -0.64
31 0.101a 0.099b -0.41 -0.30
38 0.105a 0.127a -0.44 -0.23

i L AT UL AR AR PF R K AR 2 I )X P s Ao

FERLIE S A AN 2 L 3

M, JEG A i AES b A it FE o)

PR HHT P, 1077 2% 1818 FL T 22 Mo 14 B 4

2.2 WEREFHTRAKLSEIBFFHELIEN
0

2 S MBI P A RPN A S RN 26 1 A
(1351 7K R s (B 6 Yl AR 8 S R R, AT
2 R LI M AL I TRLRE Tl SR RF A 8 552 R A

25 T NG AR A B DG ] — gt 7
FHACSG10~25 d, T 22 #5423 LAY oh A S 3
RS TP AR 10~30 d S FEAPRL 752 T AR
1818 7 J {1 o ey SR8 R i b, EEAE P e ARG
20~40 d, ST BA G, B Bk FF 22 ) a] ZE

1 TS SR 5T i ORI 0T R it AT AL A FT
R FESEHOR K F AN AL AL P

DIAEJG REC(d) AR B R i (W)
AR 5, SR Logistic 757 BT AR 132k 78 52 5 A2
PEATRLA N TR] S it A 5 S [R5t K AR i )
BSPE LT BREITRILE 3, NE3 P UE
W HHE R RPARAE 0.98 2247, WA Logistic J7
FRBE R H AL Y5 7K Fsf Yo S A 70 S 14 o a7
M BESEEAT I FESE b 0 — R, ANHEAE A
PR T 22 FEWUKIFEE 3 d F16 d WHZE o W
115, T4 1818 ZEBUKEFEE 6 d If 28 a Wi/ 1. 3
5, i A 5 Tt I 45 R 773 22 FE5EK 6 d i H:
ZH a W/ 1.5 A5 IR, 1 77 4% 1818 FE 5K




1150 TP 42k % 3R 2020 4E 5 36 B 55

F8 3 d IF S5 a W/ 4.1 5, FTILBHL o (H7E—
T E S T AN [ il RiORFRL 78S i R AN [ i AE B
LI IR AL B2 22 5] S5 AR AR LE o i S 8

0.18 0.151

a BEIT /KRR I [ S 4 T D6l /) ) B2 R R AR, J
W HAZ 350 BRI/

CINO CIN1
s 0I5 . 5 012f
= Ol = o0of
E 0.09 | vé;\; ’
§ 0.06 - X ooer
0.03 | o003t
0 It Il Il I O
0181 cono 0.181 cont
— 015f —  015F
@ c
= 012f = 012F
| -
E 0.09 F o j;% 0.09 F
ﬁ 0.06 A ﬁ 0.06 |
0.03 F 0.03
0 10 20 30 40 0 10 20 30 40
FAEEREL (d) T fERE (d)

o FUKALFEOd; & BAKALFE3 d; e FKALFEG d

CINO: T 22 At ; CINT . T3 22 i ; C2NO . T 4% 1818 ANJti Al ; C2N1 . 77 2% 1818 Al
B2 AEHEEE T E RS E A R X SR FE S FR AR ma ( thik)

Fig.2 Effects of different waterlogging duration treatments at florescence stage on grain filling of rape seeds under different fertilization a-

mounts ( pond planting)
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Table 3 Parameters of the Logistic equation of the single pod weight variations in the grain filling process of rape under different treatments

of varieties, fertilization and waterlogging duration ( pond cultivation )

fep i ‘Bni:{k%éi " ABUK a/ b KR RERK ffﬁj@%é’?&z@%ﬁ
FE] (d) K a (r) (R?) FIfE (Sig)

T 22 (C1) AT (NO) 0 0.179 60.7 0.176  0.997 5™*  0.9950 r(3.0001) = 0.991

3 0.163 1.1 63.4 0.176  0.998 7**  0.997 4 " (3.0.001) = 0.991

6 0.157 1.1 52.2 0.145  0.999 5"  0.999 0 " (3.0.001) = 0.991

AR (NT) 0 0.132 81.0 0.195  0.994 4**  0.988 8 r (3,000 = 0.991

3 0.106 1.2 111.0 0.205  0.992 1™ 0.984 3 r(3.0.001) = 0.991

6 0.089 1.5 367.0 0.266  0.994 6™  0.989 2 (3,000 = 0.991

TA 1818 (C2) AT (NO) 0 0.228 56.4 0.123  0.998 5™  0.997 0 (3,000 = 0.991

3 0.191 1.2 56.4 0.149  0.995 0**  0.990 0 " (3.0.001) = 0.991

6 0.180 1.3 68.8 0.155  0.998 5**  0.997 0 " (3.0.001) = 0.991

HEAE (NT) 0 0.690 81.5 0.079  0.997 2™  0.994 4 " (3.0.001) = 0.991

3 0.169 4.1 42.1 0.122  0.988 1**  0.996 2 r(3.0001) = 0.991

6 -0.543 -1.3 -124.0 -0.081  0.997 0™  0.994 0 7 (3.0.001) = 0.991
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Fig.3 Grain filling processes of rape varieties
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Table 4 Parameters of the Logistic equation of the single pod weight variations in the grain filling process of different rape varieties( pond cul-

tivation)
R a b ¢ FREREL(r) PERE(RY)  HRRBRFVERE(Sig)
T 22(C1) 0.136 74.17 0.183 0.932 2" 0.869 0 "(28.0001) = 0.570
T2 1818(C2) 0.199 53.07 0.127 0.960 7 0.922 9 r (28,0001 = 0.570

a.b.c HITRESHL, ™ FoR MR B 22 7K F- (P<0.001)
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IThag (2 5 FE 4) , IR 5 ATLUE A ] A
SR 55 R JUUE T 3 e Xf iR 25 (d,) IR J7 25
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Table 5 Statistics of dynamic measured and estimated values of single pod weight of rape

o g IRE (D) ARTTEE (RMSE) HIE 2B e AL 126 2B 2 R
i i 2 .
(g) (g) (r) (R%) (Sig)
T 22(C1) 0.021 4 0.026 0.976 ** 0.952 6 T(16.0001) = 0.708
T4 1818(C2) 0.019 0 0.026 0.970 ** 0.940 9 T (16.0.001) = 0.708

= RN ek B B 2 KO- (P<0.001)
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Fig.4 1 :1 map of measured value and estimated value during the grain filling process of two rape varieties
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