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Effects of sowing date and density on yield and lodging resistance of preci-
sion hill-direct-seeding rice
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Abstract: To explore the effects of sowing date and density interaction on yield and lodging resistance of precision hill-
direct-seeding rice in western Chongging, Yuxiangyou 8133 and Taiyou Yuehesimiao were used as experimental materials. Two
sowing dates (B1; March 29, B2: May 25) and five sowing densities (D1 1.50%10° holes per hectare, D2 1.95%10° holes
per hectare, D3: 2.40x10° holes per hectare, D4 2.85%10° holes per hectare, D5: 3.30x10° holes per hectare) were set.

The relationship  between stem mechanics, stem

75 H B8 . 2023-09-12 morphology, organ dry matter accumulation and plant
ESTE . [ 4 AREE ST H (31701382) ; & Bl 4l BHE B lodging resistance and yield was analyzed. The results
25 4D BAIF H ( NKY-2019CQ10) 3 T JE T BAC A 7 showed that compared with the early sowing treatment
WA Z T H (COMAITS202301) ; 5 B 7 4% M B2 i (B1), the late sowing treatment (B2) could significantly
e B Bt i 5 | 5L T ( cqaas2021jxj135) increase the yield of precision hill-direct-seeding rice. At
TEHE BN kAL (1986-) , 5 Hil B A, 1+, BIAFIE 51, FE M the same time, higher leaf area index (LAI) and effective
K FE A B A S R AT o B R R BF 9T TAE.  (E-mail) panicles under B2 treatment led to a significant increase in
zhangwj881125@ 163.com stem lodging index. With the increase of planting density,

BIEE B HE, (E-mail) yaoxiong0004@ 163.com the yield of the two rice varieties increased first and then
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decreased. The yield in D3 treatment was the highest under Bl sowing date. The yield in D4 treatment was the highest under

B2 sowing date, but there was no significant difference with the yield in D3 treatment. Moreover, the lodging index showed a

continuous increasing trend, and the two rice varieties had the same trend. Compared with D1 treatment, the lodging index in

D2 and D3 treatments under B1 and B2 sowing date treatments increased slightly, and the lodging index in D4 and D5 treat-

ments increased significantly, especially for Yuxiangyou 8133. Under B1 and B2 sowing dates, the stem and sheath dry weight

per plant, basal internode stem diameter, wall thickness and stem and sheath plumpness in D2 and D3 treatments were com-

parable to those in D1 treatment, but decreased significantly in D4 and D5 treatments. The comprehensive analysis results

showed that D3 treatment was the suitable sowing density for the yield and lodging resistance of precision hill-direct-seeding

rice under B1 and B2 sowing dates.
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(4 1 hm® 1.50x10°7¢,30. 0 cmx22.2 em) D2( 4 1
hm® 1.95%10° %7, 30.0 cmx17.1 em) D3 (4 1 hm’
2.40x10°7¢,30.0 emx13.9 em) .D4( % 1 hm® 2.85x
10°7¢,30.0 emx11.7 em) H1 D5 (4% 1 hm?® 3.30x10°
7¢,30.0 emx10. 1 em) ; fhFP N RIX, B 2 4K
AT B AR 8133 MR E AR, KT
20 NACEE R E 3 IRER,60 MREE/NX /N X AR
H 15 m*(3 mx5 m),
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1.2 2 [, 5 R4 (B1) A BAH LR
P (B2)AbH i 4 T KR &= (F=73.0"),
HHE T A (F=184.3") B EH N, 2 1~ /KAE G
Tt #— %, 75 B1 M1 B2 #% M 40 B o ¥ A AL
8133 = & /3 %] } 8.0~ 9.4 t/hm” F18.7~ 10.0
t/hm” , &AL R 2275 7= 15 5128 6.7 ~ 8. 9 t/hm” il
9.0~10.6 t/hm®, R EL#%E % B R 38n, 2 4~ & Fh
KA 7 i 1) B SR IS R R a4 FE B1 #5014k

e D3 AL R AR, A8 9. 4 v/hm’ Al
8.9 t/hm”, HD2 D3 D4 D5 4b B[] 2% F N W &
16 B2 FE WAL B D4 AL 3 7 B, o R
10. 0 /hm® 1 10. 6 t/hm”*, 5 D3 ZbFH 22 FOR g 3% |
{25 D1,D2 Ml DS 4b B 8] () 22 53 3 ol bl g 3%
(B &G 8133 19 D2 AbPi2E R G EAN) . B
B A RN S AR, TR R W R
R (F=14.9") % D1 4b#, D2 D3 4bFf 22
SRRV, D4 (D5 Kb B IR K i 25 S 3 T R
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Table 1 Variance analysis of the effects of different sowing dates and densities on yield and yield components of precision hill-direct-seeding

rice

A 1 m® AR FHRIEL EE S THRLE s
(V) 4.8* 89.4** 2.5 1 446.4* 2.3
%W (B) 184.3* 1.0 149.1* 20.7 73.0*
#HE (D) 34.8* 14.9 0.8 0.4 17.9*
B (VXB) 12.0* 1.5 43" 8.0" 17.5*
F A BE (VXD) 1.6 0.1 1.3 0.4 0.5
B BRI (DXB) 2.8 1.6 1.1 2.8 1.4
Fh Rl x5 B A% 1 (VXD XB) 0.5 1.1 0.6 0.7 0.8

s R ARTE 0.05 F10.01 K F B3,

R2 TRBEHNEELENBENEBKErERMBEEER

Table 2 Yield and yield components of precision hill-direct-seeding rice under different sowing dates and densities

01 i HEEE LR ok T o
Bl WAL 8133 DI 207.5¢ 151.8a 87.1a 29.1a 8.0b
D2 245.7b 142.0ab 85.7a 29.6a 8.8ab
D3 258.4ab 143.3ab 85.6a 29.6a 9.4a
D4 289.4a 124.0¢ 86.1a 30.2a 9.3a
D5 281.2ab 126.6he 83.1a 30.2a 8.9ab
LB ARLT DI 200.5¢ 169.4ab 80.4a 24.6a 6.7b
D2 231.0be 176.1a 85.3a 24.3a 8.4a
D3 260.0ab 166.8abc 83.9a 24.3a 8.9a
D4 290.7a 149.2be 79.4a 24.5a 8.4a
D5 274.6a 146.4¢ 81.3a 24.9a 8.1a
B2 WAL 8133 DI 281.2b 143.3ab 74.2a 29.6a 8.8b
D2 292.4ab 151.9a 74.2a 29.2a 9.6a
D3 306.2a 147.6ab 74.4a 29.7a 9.9a
D4 304.8a 140.6b 79.2a 29.6a 10.0a
D5 299.5ab 129.6b 76.0a 29.4a 8.7b
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#R2 Continued 2

i s T S e o T o
B2 LR L D1 278.7¢ 169.9a 8l.la 23.4a 9.0c
D2 301.4b 164.9a 80.6a 23.4a 9.4he
D3 334.5a 164.4a 80.3a 23.6a 10.4a
D4 345.9a 158.1ab 82.8a 23.5a 10.6a
D5 336.4a 148.1b 82.1a 23.3a 9.5b

BL. 3R 3 A 20 H (BHE) ;B2 81 5 A 25 H (GB#) ;D1: % 1 hm? 1.50x10°7¥,30.0 cmx22.2 cm;D2:%F 1 hm? 1.95%10° 7, 30.0 cmXx
17.1 em; D3 4F 1 hm? 2.40x10°7¢,30.0 emx13. 9 cm;D4: % 1 hm? 2.85%10°9X,30.0 cmX11. 7 em; D5 %F 1 hm? 3.30x10°5,30.0 cmx10. 1 cm,
[ — b A R BN EHR 5 AN )N SRk R A BRI 25 57 9 3 (P<0. 05)

22 AREEHMZEMNBENERBKBEFRAZE (08133 1Y D2 D3 AFEEURFEE T MG T 3. 9%
NP 4.7%H1 5. 8% 15.0% , D4 F1 D5 Ab B3 530 0 T
M3 K40, 5 Bl TEA L, B2 27.5% 44. 6% F1 24. 0% . 27. 4% ; Z2 41 R 22 ¥ 1Y
Wik PG R T K RS ZE AR AR 38 B (F= D2.D3 AL BREAR IR B BN T 1.9% . 8. 2% Al
513.8™) A FHr Ml sE (F=188.2" ) BEFE(L  10.3%.14.2%,D4 1 D5 AL B/ HI N T 17. 6% |
A A (F=330.97 ) & THm,2 KRR AR 19.6%F137. 3% 44. 3%, SN B KRG, Z54F
Bt —, 15 BL A B2 UL BT R AR 8133 W R B(F=20.2" ) RTINS (F=109.8 ) %
1 18 PR 48 K5 00 R 95. 2% ~ 137. 6% Fl 144. 8% ~  ARILZE , T 200 & A ) AR 46 8 (F=39.07 ) W 3 1Y
184. 5% , B8 R 22 W BUR TG 000 50 R 72. 9%~ i, BeAh 45 SR G b (31 4R 8 £k Hr 07 255 6 i
87. 3% M100. 2% ~ 145. 2%, btz ELA4% % B B3, FB 5 i R RD AT W A R T B 1) B AR AR
2 A KFG R EIRFE R (F=39. 0™ Y st —  BA B KR
., 7€ B1 1 B2 #&bFE b 5 D1 AbFEAH L, A

£3 AEBRHNEEMNBENEBKBENAREBRNFSHIMNTES N
Table 3 Variance analysis of the effects of different sowing dates and densities on stem lodging index and mechanical parameters of precision

hill-direct-seeding rice

B[ VA L S 1Y T IVAE

A Yribrs s Bl Rz ) LIRS il Iy ket T e DR

AR (V) 216.7* 37.5* 267.9 1452.7* 1421.8* 908.7 ** 305.8
%W (B) 188.2 3.8 147.9* 330.9* 242.3* 248.3* 513.8*
% (D) 109.8 ** 1.1 20.2* 42" 7.3 1.4 39.0*
Rl (V=B) 12.8* 23.3* 247 90.7 " 124.9* 3.5 9.8
A BE (VXD) 40" 1.0 2.8 2.1 2.7 1.6 0.9

W< (DXB) 44" 1.0 0.9 1.3 2.1 0.7 1.9

i R < BE AR (VXD XB) 4.1 1.3 0.7 0.5 1.8 0.1 3.0"

* 43 BIFARTE 0. 05 F10. 01 K | 3%,

B AT, 255 R 4 b e i FR A 2L TR MRS I, 2 LAL 40 T7.0~8. 5 B, 7
(LAL) fE R A8 H (L) A= & (80, BLIG KRS R BlEmmE i T8 BEE LAL ARReesdm , i 5
LAL 5 LI Y =20.639 0x-20. 660 OMYZ PGS RICH TR, H LI B —LIhnas AR5
(R*=0.798" ) , 5/ 2 Y=-0.151 0x*+2.515 Ox— 1,24 LAL &b F7.0~7.5 i, A& KRG S O 488 i
0.726 2 IR EC R . 2 LAI AL T4.5~7.0 1Y, KA, HEMRFEEUE THRAKF-,
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Table 4 Stem lodging index and mechanical parameters of precision hill-direct-seeding rice under different sowing dates and densities

Wi MUV WERN s DORE SRR

£ st A HIRHE (g/cm) (&/mm?) (mm?) (g/cm) AT BEDURE (%)
(g) (cm)

Bl W&k 8133 D1 3 040.0a 860.6a 35.4a 2 890.1a 23.4a 123.7a 95.2¢
D2 3 061.2a 916.9a 33.5a 3 024.6a 24.1a 125.2a 98.8¢

D3 2917.5a 870.0a 33.6a 2 906.7a 23.6a 123.0a 99.6¢

D4 2 405.9b 724.6b 33.3a 2917.9a 23.2a 125.5a 121.3b

D5 2 001.3c¢ 738.0b 27.2b 2 754.9a 22.9a 120.4a 137.6a

BILE R D1 2 679.2a 1 068.9a 25.3a 1953.4a 19.3a 101.4a 72.9h

D2 2551.0ab  1059.6a 24.2ab 1 893.4ab 18.9ab 100.1ab 74.3b

D3 24242b  1182.1a 20.9abc 1911.5ab 19.3a 99.0ab 78.9b

D4 2042.5¢  116l.6a 17.6hc 1 749.0¢ 18.2b 96.2b 85.7a

D5 2073.9c  1144.8a 18.6¢ 1 806.6hc 18.5ab 97.7ab 87.3a

B2 A 8133 D1 2 778.8a 1 042.6a 26.7a 4 010.0a 28.7a 139.5a 144.8¢
D2 2515.6b  1076.1a 23.7abc 3 847.4a 27.9ab 137.9a 153.1be
D3 2 408.4bc 964.9a 24.3ab 3 995.6a 28.9a 138.5a 166.5ab

D4 2 203.6¢cd 977.9a 22.6hc 3 949.0a 28.0ab 141.1a 179.6a

D5 2 013.0d 982.9a 20.5¢ 3 714.7a 27.0b 137.7a 184.5a

BB AR D1 242552 1136.4a 21.4a 2 430.6a 21.3a 114.1a 100.2b

D2 1956.0b  1079.0a 18.1b 2 157.3b 19.7b 109.3b 110.5b

D3 1868.7b  1013.4a 18.6b 2129.2b 19.0b 111.9ab 114.5b

D4 1491.9c  1023.9a 14.6¢ 2 044.6b 18.6b 109.7b 137.6a

D5 1461.1c 971.6a 15.1¢ 2122.2b 19.3b 110.0ab 145.2a

BI.4&FI 3 H 29 H (HL4%) ;B2 #&F/ I 5 A 25 H (B#%) ;D1:4F 1 hm? 1.50x10°5%,30.0 cmx22.2 em;D2; % 1 hm? 1.95%x10° 5T, 30.0 cmX
17.1 em;D3:%F 1 hm? 2.40x10°7¢,30.0 emx13.9 cm; D4 %F 1 hm? 2.85%10°7¢,30.0 emx11. 7 em;D5: % 1 hm? 3.30x10°7¢,30.0 cmx10. 1 em,,
[R]— fb PRI 5 508 I AN TR /NE S 3R A B ) 25 53 42 35 (P<0. 05)

12.00 oo 7200
O
4180
1100k ¥=20.639 0x-20.660 0
: 1160
= 1000 M40
g ® 1 =
g &
w900+ {1100 %
H o "\é
i 18 =
8.00 -
Y=-0.151 0x+2.515 0x—0.726 2 4 60
R=0.410 1 10
700 @ °
420
6.00 *

1 1 1 1 1 1 1 1 1 1 1 1 0
40 45 50 55 60 65 70 75 80 85 9.0 95 10.0 105
T FRAEEL (LAT)
o i o IR

E1 AEFEHNEETHENEBKBHEREH (LA 5=SMEKREH (L) HHEXE
Fig.1 Correlation analysis of leaf area index ( LAI) with yield and lodging index (LI) of precision hill-direct-seeding rice under different

sowing dates and densities



1418 H K&k 2% W]

2024 4 5 40 & B8 1

23 AREHMZETKEEAESERSAR
IBHMX R

M3 5.3 6 WA, 5 Bl # AL BAH L, B2 #%
WAL P B R T KRS LAL (F=502.9") , . &%
T ZEM(F=171.6") BEE(F=13.4") ZEF%
JE(F=86.4") FHFILE (F=69.37),2 1~ /KFH
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Table 5 Variance analysis of the effects of different sowing dates and densities on leaf area index (LAI) and stem morphological indexes of

precision hill-direct-seeding rice

A A TETRR i 2K eVl BE R ESIEH; 3 BE AR
mA (V) 51.9* 140.2* 133.4* 34.7* 0.6
4 (B) 502.9* 171.6 * 13.4* 86.4* 69.3
% (D) 24.8* 13.0* 9.1* 13.1* 8.4™
Rl (VXB) 41.8* 6.4" 0.1 0.8 2.1
SR < B (VD) 2.6 1.8 3.0" 2.0 0.5
xR (DXB) 31" 0.7 0.3 0.4 0.3
Rl x B B AR (VXDXB) 0.9 0.9 0.9 0.3 0.5

T AR ARTE 0. 05 1 0. 01 K F i3,

x6 ATRFBHNEELENBENEBKBHERIEH (LAY REFETER

Table 6 Leaf area index ( LAI) and stem morphological indexes of precision hill-direct-seeding rice under different sowing dates and densities

Bl A 8133 D1 4.7¢ 7.22a 1.07a 40.1a 21.4a
D2 5.4b 6.90a 1.03ab 39.6ab 20.4ab

D3 5.5h 6.88a 1.03ab 40.4a 21.1a

D4 5.7b 6.82ab 1.05a 35.0ab 18.2ab

D5 6.7a 6.44b 0.98b 32.9b 15.8b

FILE AR D1 5.2a 6.23a 0.93a 35.5a 19.4a

D2 5.3a 6.24a 0.94a 35.9a 20.4a

D3 5.6a 5.98a 0.93a 35.4a 19.7a

D4 5.5a 5.80a 0.83b 29.8ab 18.8a

D5 6.0a 6.02a 0.84b 28.2b 16.9a

B2 WAL 8133 DI 7.6b 6.22a 1.02ab 34.6a 15.7a
D2 8.6b 6.08ab 0.97b 29.0b 15.0a

D3 8.3b 6.18a 1.03a 30.9ab 15.3a

D4 9.6a 5.78bc 0.95b 30.6ab 13.3a

D5 9.6a 5.66¢ 0.97ab 26.6b 12.8a

AL E AR D1 6.2¢ 5.87a 0.89ab 28.9a 16.8ab

D2 6.8b 5.52b 0.92a 27.5a 17.7a
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B2 RN AL D3 7.7a 5.52b 0.87ab 26.9a 15.8b
D4 7.8a 5.13¢ 0.78ab 21.1b 14.3¢
D5 7.9a 5.27¢ 0.77b 20.9b 13.2¢

BL.#&AMH 3 H 29 H (R4%) ;B2 #%M 5 A 25 H GE#5) ;D1. 4 1 hm? 1.50x10° 7%, 30.0 emx22.2 cm;D2: %% 1 hm? 1.95%10° 7%, 30.0 emx
17.1 em;D3 ;4% 1 hm? 2.40x10°%X,30.0 cmx13. 9 cm; D445 1 hm? 2.85x10°5¢,30.0 emx11. 7 em;D5:4F 1 hm? 3.30x10°9%,30.0 cmx10. 1 cm,

Al — Fh Fh R BB 5 AN R /NG bk e m A BRI 25 57 .35 (P<0. 05)

riE 2 7150, 5 Bl FRWIACBRAA LY, B2 &AL FRIY)
O IR S H R T SR A R i ey, H
WROB2 B R i AL 8133 TR BT A B S25.9~28. 6
em, 38 Bl #5455 7 52.6% ~61. 8% ; ZRIL AR L4 R

80.0r g1, w8133
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800rgy 18133
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B1#&Ah 3 A 29 H (BHK) ;B2. 3 5 A 25 H GRHK) ;D1:4F 1 hm? 1.50x10°7¥,30.0 cmx22.2 em;D2:%F 1 hm? 1.95%10°7¢,30.0 cmXx
17.1 em;D3: % 1 hm® 2.40x10°77,30.0 emx13.9 em;D4: % 1 hm? 2.85x10°7¢,30.0 emx 11. 7 em;D5: % 1 hm? 3.30x10°5¢,30.0 ¢mx 10. 1

em, AL BTN FRERIR A HR 22 5 8.3 (P<0.05)

E2 AEEHNZEMNBENERKETEOKE BRKNELTENZN

Fig.2 Effects of different sowing dates and densities on internode length, panicle length and barycenter height of precision hill-direct-see-

ding rice
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Fig.3 Correlation analysis of internode length, panicle length and lodging index of precision hill-direct-seeding rice under different sowing

dates and densities
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Fig.4 Effects of different sowing dates and densities on dry matter accumulation and distribution of single plant of precision hill-direct-see-

ding rice
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Fig.5 Correlation analysis between single stem dry matter distribution and lodging index of precision hill-direct-seeding rice
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