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Abstract: [Objective]To investigate the effects of different mechanical direct seeding patterns on lodging resistance and
yield of high quality late indica rice in South China, and provide the reference for high yield and lodging resistance
cultivation of high quality late indica rice in South China,[l Method] the indica inbred rice variety Huanghuazhan and the
indica hybrid rice variety Taiyou 398 were used as materials and three direct seeding patterns, including dry direct
seeding, wet direct seeding and flooded direct seeding were designed to determine the yield and yield components,
emergence rate, dry matter accumulation, leaf area index, stem morphology and mechanical properties of high quality late
indica rice. [Result] Compared with wet direct seeding or flooded direct seeding, dry direct seeding significantly
increased seedling emergence rate of late rice varieties by 6.10% to 22.96%, and the dry matter accumulation and leaf
area index also increased. At the same time, dry direct seeding pattern was conducive to increasing the yield of late rice
varieties by 6.99% to 27.77%, and Taiyou 398 had higher yield increasing rate than Huanghuazhan. In terms of yield
components, the increasing of yield of late rice varieties under mechanical direct seeding was mainly attributed to the
increase in the number of effective panicles. In addition, the plant height of dry direct seeded rice was relatively low, and
basal internodes were relatively short, but the stem was stronger and the stem wall was thicker than the two treatments,
which was conducive to improving the break force and culm phenotype index of the plant, and reducing the bending
moment and lodging index. The correlation analysis showed that the stem diameter, wall thickness and culm phenotype
index were positively correlated with the break force, but negatively correlated with the lodging index. The plant height,
panicle length and bending moment were negatively correlated with the break force, and positively correlated with the
lodging index. [Conclusion] Mechanical dry direct seeding practice could not only contribute to yield increase of
high-quality late indica rice in South China, but also significantly increase the stem strength, and improve the lodging
resistance of plants and reduce the risk of direct seeded rice production.
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Table 1. Effects of different mechanical direct seeded patterns on the yield and yield components of high-quality late indica

rice in South China.

P o e ﬁ}ﬂu‘ﬁiﬁz ’E:%*ﬁiﬂz 4 ;k? 'T‘*\?ﬁ_ F%
Year Variety Treatment Effectlvi par1|2cles Grai n.s per Seed setting 100(_)-gra|n Ylelq
/(>10" hm™) panicle rate/% weight/g I(t hm™®)
2017  #fE Huanghuazhan DDS 310.0a 100.5a 71.7a 215a 6.17a
WDS 290.0a 1029 a 728a 212a 5.73 ab
FDS 252.3Db 104.4 a 730a 20.7a 517b
Z&Aft 398 Taiyou 398 DDS 320.0a 1122a 725a 220a 6.43a
WDS 300.0a 1156 a 745a 216a 5.80b
FDS 261.7 b 116.6 a 754 a 211a 537b
2018 ¥ *E 5 Huanghuazhan DDS 3015a 101.8a 73.3a 21.7a 6.58 a
WDS 282.4 Db 103.6 a 740a 216a 6.15b
FDS 2250¢c 1059 a 749a 209a 515c¢c
Z&4t 398 Taiyou 398 DDS 316.0a 1134 a 741a 221a 6.93a
WDS 299.0a 1134 a 722a 21.7a 6.18 ab
FDS 24750D 117.1a 755¢ 214a 5.65b
45 Year(Y) 2.23 0.18 0.67 4.14 13.46™
i Variety(V) 391 90.73" 0.79 12.31" 6.87"
4bB Treatment(T) 30.70" 1.65 1.66 4.15 58.77"
YV 0.33 0.29 1.00 0.66 0.42
YT 0.55 0.27 0.53 0.05 1.23
VT 0.03 0.01 0.29 0.70 1.08
Y XV XT 0.03 0.11 0.40 0.43 0.29

DDS—F Ei%; WDS—IREE; FDS—H#/KE K. NF/NG PRI AR B H) 22 573 8.3 (P<0. 05), *FlI**7) 5|37~ 7E P=0.05 fl 0.01 /K- Z 5+ 82

.

DDS, Dry direct seeding; WDS, Wet direct seeding; FDS, Flooded direct seeding. Different lowercase letters in the same column mean significant
difference at 0. 05 level , *and**indicate significant effects at 0.05 and 0.01 levels, respectively. The same as below.
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DDS, Dry direct seeding; WDS, Wet direct seeding; FDS, Flooded direct seeding. Various lowercase letters above the bars mean significant difference at 0.05

probability level. The same as in figures below.
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Fig. 1. Effects of different mechanical direct seeding patterns on emergence rate of high-quality late indica rice in South

China.

ERRAR g 7 AR R g, Hrh A e U
A P EIE N 6.99% ~ 27.77%, ZREEMN
398 F=EIIE A 10.86% ~ 22.65%, H S EFALIEE
AK EIB AT 2= R IR R KT, FEE A5
FEMEAE T, B 398 (s mIbiE e T &
M= BRI ok, PERARSS SRR, S5EE
&5 R K B 7= b, FE Ry B nE 2%
A, HS5MKERH T UL REKE, THEH
S, BErEEER. WY BT
KAM TSR AfEE, TE8ETH
SRR S 1A
22 AEWMEZBARAXEARRERFEDEERN
A

MR LRT S, R Ao R Rl AR P e P A
HHRYEREE > BERE > BKERNER, B
Ze IR W E K. 20074F, HOAE DAL S ARG
ZRAR398TE R H % WWHEBAHE/AKEE 7T I
i #0 51°465.79%. 59.64%. 53.21% #1166.43%.
64.93%. 56.36%, 20184, TiE K FIZE3987E 7
B WEBAEKERE TN H RS 58
66.29% . 61.14%. 54.21% #167.43%. 65.93%.
57.86%. SiEE T K ERE T ML, BE
&7 A B R R ~6.10% ~ 22.96%. it BIHLI 5
BB R T4 5 0o R () H T
23 ARHNEBARNEAMREMNETYIR=E
s A

S3 BT AN RIAL B 4% 77 3% 7 7 000 I ML e 4 B
BRIAR I B S R . AR B R
TP E ST e e (B 2), g%
W, SAEBHNBTYRAE KEEREFE>EH

WE>woKERE B, HREEF A SHRKER T
NEFRE, HPaEmotb s e, i
PR 2 R B A YY) B TR B . K
BB, FENGEA—H. 2EFHSTYRAE
PREETRES TRERE. WKERT, e
AR E T 3.40% ~ 16.23%, L 398 FAE-F
)i 5.04% ~ 22.58%. R FEEHFAEAF] T
15 B 7 LT R ARG T R AR e
24 ARHNMEBAANRESRRENFETERE
HIR M

B 3w AT, AR MRS SR TE 4 ANAEE B
AR TR BER I e Tt s e B AR a3, T A i
LB A, BREASCE T N . 518 E R U5
AR B, B A %A AR
FeEOE M, WA E ORI R E
A FRAG ) T4 vy T g PG o R P T AR R A
25 AREHNEBAANRESRREMFEE RN
opAl
251 #EAFHE

HHE 2 ATAL, B U Ao R e
57 B FE O Rk B35 B B 5 KT, AR A X PR
T B BB LR, S 3 AR AR B B
SERW, FS M SR ST RE A 1
1 B S [ AR RGN TA B 25 K, AR 5 AL BT Rk
R ANES 3 1 (Al 1) AR SN B K. AFE
AR, il mA R E SEKYEREE<
BEF<AKERFNES, FEBLHESRKERE
Qb B A 1o 22 S0 S0 3 KT s R 25 S5 AN 15 (2017
SEEAE RN B AL S (A B A R R
TR EF BB K EIEL R, o, 51, 2



50 rh [ 7K R4 (Chin J Rice Sci) %5 34 %55 1 112020 £ 1 H)

16 r
2017 aBDDS @&WwDS B8FDS
14 a
12

10

s
=X

i
Dry matter accumulation/(t-hm2)
[o:]

é
,4
é
é
%

o

a ab

TS-PI I PI-HS HS-MS TDMA

TDMA

#1E 5 Huanghuazhan #4398 Taiyou 398

16
14 2018 apDs aowDs QDS
12

10

=
2

TR
Dry matter accumulation/(t-hm2)
®

#1EY Huanghuazhan #1398 Taiyou 398

TS—/rBEf; PI—4hAS LI HS—HAEI; MS—mR#UH: TDMA— T E. T,

TS, Tillering stage; PI, Panicle differentiation; HS, Heading stage; MS, Maturity stage; TDMA, Total dry matter accumulation. The same as follows.

2 FEINEHEA RS REAFETREN0

Fig. 2. Effects of different mechanical direct seeding patterns on dry matter accumulation of high-quality late indica rice in
South China.
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Fig. 3. Effects of different mechanical direct seeded patterns on LAI of high-quality late indica rice in South China.



FICEEEE: AFEIHLERR 75 20 B 70 5 MR ™ e S B ) S 51

R 2 FENEBAFANEZRSHFMN
Table 2. Effects of different mechanical direct seeding patterns on main stem morphology.

A i Ak M K #HIAKE Internode length/cm
Year Variety Treatment Plant height/cm Panicle length/cm N3 N, N;
2017  #4E 5 Huanghuazhan DDS 93.7b 205D 6.07a 8.43b 1413 b
WDS 95.4a 215b 6.13a 9.60a 15.50 ab
FDS 96.4a 233a 6.17a 964a 16.69a
Z= 4k 398 Taiyou 398 DDS 83.4b 209a 459b 7.60b 12.81¢
WDS 855a 214a 598a 84la 15.10 b
FDS 87.4a 222a 6.08a 8.85a 16.59 a
2018  #4E 5§ Huanghuazhan DDS 90.1b 23.1a 6.17b 8.73a 13.63b
WDS 92.0b 234a 6.47 ab 9.05a 15.25a
FDS 97.8a 246a 6.55a 9.42a 15.74 a
Z&1 398 Taiyou 398 DDS 845h 218a 5.32b 7.65b 13.73¢
WDS 86.5a 225a 6.40 a 853a 14.91b
FDS 87.2a 228a 6.48a 897a 15.65a
4 Year(Y) 5.44" 62.58" 94.49” 0.09 6.41"
S Variety(V) 967.81™ 20.14" 123.54™ 65.01" 8.12"
4bFF Treatment(T) 80.67" 27.88" 150.52" 43.70™ 144,52
" 2258" 8.49" 8.97" 1.59 3.90
Y <T 5.053" 1.61 0.07 1.27 7.18"
VT 5.66" 3.19 77.08” 0.98 1.40
Y3/ <T 13.93" 0.70 5.70" 1.79 3.37

N;— 25 1 9508, No—255 2 Fi/A], Ns—25 3 ¥ilA]. Ny, First internode, Ny, Second internode, N3, Third internode.

Fz 3 TR EES I EITEZEFFHHERN#2T
Table 3. Effects of different mechanical direct seeding patterns on basal internode stem characteristics.

G A pisi] E-viil BEJE A4
Year Variety Treatment Diameter of stem/mm Stem wall thickness/mm Culm phenotype index/%
2017  ## 5 Huanghuazhan DDS 8.28a 4.03a 2.30a
WDS 8.10a 362b 221b
FDS 7.36 b 346 ¢ 201c
Z&4) 398 Taiyou 398 DDS 8.44a 410a 255a
WDS 8.15a 368a 2.32ab
FDS 7.75b 364b 2.13b
2018 4 Huanghuazhan DDS 8.26 a 4,03 a 249 a
WDS 7.85b 3.60b 2.30b
FDS 7.37¢ 352b 2.02¢
Z&4) 398 Taiyou 398 DDS 8.40 a 429a 252a
WDS 8.15b 367b 234a
FDS 7.94¢ 361b 2.26b
FE4 Year(Y) 0.04 1.00 10.72"
S A Variety(V) 38.67" 15.14" 39.80™
4b ¥ Treatment(T) 103.86™ 118.617 97.84"
Y=V 2.90 0.34 1.63
Y<T 2.39 1.07 0.12
VT 7.167 1.07 2.15
Y </ <T 0.78 1.67 5.90"

WHPEHSRKERL A EREE, BEMESHE 252 MEAAHFHMEGR K

IKEFRAC L ZE AL, 2210 398 5 3 TIAI/E& H M2 3 Al AL, B UG RO 250 BE B AN
By ZRBREKT, HELEIWHREE AR IA R KT, S AR R
HHKEREL I E R . FER S ZE RO, Rl B 7 2O SRR ) AR
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Table 4. Effect of different mechanical direct seeding patterns on mechanical properties of stem.

i mn R pise! il AT VN EE3
Year Variety Treatment Bending weight(WP)/(g €m) Break force(L)/g Lodging index(L1)/%
2017  #4E5 Huanghuazhan DDS 15126 b 22112 a 68.7b
WDS 1530.6 b 2027.7b 72.8b
FDS 1765.3a 1867.4 ¢ 83.9a
ZE4K 398 Taiyou 398 DDS 12145b 22959a 53.1b
WDS 1278.2b 2152.0 ab 57.1a
FDS 15159 a 19485b 69.9 a
2018 {4k Huanghuazhan DDS 1422.1b 2119.4 a 67.3b
WDS 1477.0b 2052.0 ab 720b
FDS 1786.8 a 1858.2 b 917a
ZE4k 398 Taiyou 398 DDS 1229.8 b 22921a 539b
WDS 1294.2 b 2208.2 ab 64.1ab
FDS 1506.1a 19455 b 721a
£ Year(Y) 2.08 722" 484
Al Variety(V) 5638.84™ 25717 148.84™
Lb 78 Treatment(T) 608.26™ 7.42™ 87.74”
Yxv 6.60 2.02 0.41
YT 0.82 0.45 1.75
VT 52.43 0.02 1.48
Y </ <T 1.92 0.18 2.71

Fx5 EFMHERETAMERKERNEXRY (n=12)
Table 5. Correlation coefficients between stem properties
and break force and lodging index.

fabr ity V=R
Index Break force Lodging index
P Plant height -0.798" 0.880"
K Panicle length -0.830™ 0.725"
Z24 Diameter of stem 0.739™ -0.884"
EZ )5 Stem wall thickness 0.644" -0.721™
25 it J7%E Bending weight -0.811" 0.974™
FT 4531 Culm phenotype index 0.649" -0.871"

HHK FZHCH Roos=0.576, Ro0=0.707.
RO_05=0.5761 Ro.01=0.707.
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