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FEL, rmske, g, TR, BRE D, AR, EM S, Hahc, BikE Y
(LAl R BE, WirE KD 410128; 2.8 MO BAR S BB AAAR TR S=BE, VLG N 341008; 3.7k M|
HIMREL A ] e By A wl, WIRS 7k N 425601)
. UL S . BAE N EGAR, E 4 FREEEIEANEE, AHHC N CK. T1. T2, T3, Xt
FEAEEE S350 0. 75, 150, 225 kg/hm?, 47K, BFFEAN RN BT O 5T e et B UTAE R S AT R |
TR L RI2ES . SRRV SAMEREIEAE, T2, T3 ZbH R 2ZSFF 3 s 4 w23, BeiL &
TSRy 8.96%~11.11%, EEFMMIGN 13.02%~16.29%; 2 ANMaAE G AP A BEER AT [/ EURFE B A iR AT b 35
W EREAR, BROLE S IRRIT 12.02%~19.51%, RAEFFAIFEIT 12.68%~22.31%; i HEEICAEGE | 3 MEAS, 2
FEPMESE, PMLE SRS 2.01%-23.27%, E4-FNES 1.19%~11.33%; Mo, SR TS KR
i, DL TR RER S, BEOLAE SARAT A TSR A CK B4 ils4 i 6.81%F1 11.95%, 5 A S 7E
MBFAR L AETTEBIR, G5E T RAMBAZOY, BB R E AR =R 75 kg/hm?,
X B2 A RTEMRRE; BEAE; EURMER; R
FE>ES. S511.062 XHkFRERE: A XEHRS: 1007-1032(2024)05-0001-07

Effect of silicon fertilizer on lodging resistance and
yield of high quality late rice

GUO Hui!, FANG Xilin?, FANG Changyu', YANG Ningjunt, CHEN Weit,
ZOU Yan!, TAN Xun?, LEI Yuan®, TU Naimei

(1.College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Modern College of
Agriculture and Forestry Engineering, Ganzhou Polytechnic, Ganzhou, Jiangxi 341008, China; 3.Yongzhou Tobacco
Company Ningyuan County Branch, Yongzhou, Hunan 425601, China)

Abstract: Using Taoyouxiangzhan and Yuzhenxiang of high-quality late rice as experimental materials, field tests were
conducted to investigate silicon fertilization on its lodging resistance and yield. Four silicon application treatments were
set up: CK, T1, T2 and T3, corresponding to silicon application amounts of 0, 75, 150 and 225 kg/hm2. The results
showed that the basal internode breaking moment of stems increased significantly under T2 and T3 treatment compared
with no silicon application, and the percentage of Taoyouxiangzhan increased by 8.96% to 11.11%, and that of
Yuzhenxiang increased by 13.02% to 16.29%. The internode lodging index of late rice was significantly lower than that
of no silicon treatment, and the decrease of Taoyouxiangzhan was 12.02% to 19.51%, and that of Yuzhenxiang was
12.68% to 22.31%. The application of silicon fertilizer could improve the morphology of the upper three leaves and
increase the silicon content in stems with the percentage of Taoyouxiangzhan increased by 2.01% to 23.27% and the
percentage of Yuzhenxiang increased by 1.19% to 11.33%. In addition, silicon application could increase the yield with
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ESWE: R FHET I (R )R 7(201503123)

TEEEA: W96, %, TIPHBMA, BLBFSUE, E5 IR S e AT, 1355491278@qg.com; *i {31
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T1 application showing the best yield increase effect. The actual yields of T1 of Taoyouxiangzhan and Yuzhenxiang
increased by 6.81% and 11.95% respectively compared to the CK. Considering that there was no substantial lodging in
the current season during this experiment, combined with the yield and cost-effectiveness, the recommended silicon

application amounts for the test varieties Taoyouxiangzhan and Yuzhenxiang were 75 kg/hm?.

Keywords: high quality late rice; silicon fertilizer; lodging character; yield

BRI HOK T 3R, T2 T BRI 2%
HER, MESER, PEEIL RS, A
FIF =l RGP & . K REEMRBR S 5 R Re A ¢
Ab, AL . PRI . R A K AEBU IR
REJIA —E s . MR MERI, KA EREAL AT A7 8K
PRI S, GRS RE AR e
J1. BRAHMA ZERIRFF AL R, KN RE
WY SiOz L4 EIas A TE kTR, XL
o] LIINEZEFF IO ANAERE , AEZERE dORL, AT
wsE K FEPUEIRAE ST . A FgT R, iRk AR v]
HsR K FEHUENR E 7 FEAR R TR T ZEFPHLE
ZEREJRRE . P TR SIO, FER SR, B
T PagER St WA EER RV, degK
FEZEFT Y L ESFY . IR T 1R A FE S B 3
IKFEHUEURBE SRk, vl WL, A HIit P REAE XS /K
@ e AR YR . B S EEF i
AR A 1 B R QR M UL R R, A T
FBUBAEBIE , (AR BT SR AN A3 BT R A X
2 A S FPLEIR BE TR LR . ik, B D
2 METMAE A HERE, DFSTREIE AR [H] it
i AR BUE R R i 2E R, AR
SRR ) R A T SRS B 2

1 IS

I T 2021 AETE W e 4 ) B T T AR A 3 i
7o TIEEATIERTA : pH ol 5.02, 2&((N).
WP )RR BN 115, 1.02,
12.40 g/kg, AP, BRARAL . AR0BE . SRE
A RRE T B0 S 29.99 . 147.55, 16.20 .
150.00., 78.14 mg/kg, J@mT-Hest+45,

2 ME5E%
2.1 &8

LR . BROLE & Qs MR B, 22
PG, PrAEREE BBy BEH (R UM
FE)ME MRS, PUEIREE J1 22000,

BERAERE . KA (SIO, & 80%) Iy T 24
e AR FEFE R RS LA BRA F
2.2 Wit

KR FRHLX 2B, B 4 MiREAEAbEE .
CK, AjitifEAl; T1, JrEE 75 kg/hm?; T2, Jififd
it 150 kg/hm?; T3, JitikEAE 225 kg/hm?. 3 R
5o NXIESREE, RN EE, Bk |
H, /DX IATHRHEARE, F 6 7] 24 HEEF, 7/
19 HHUE, BRATEE N 14 cm>@5 cm, & 4bFEH i
ANE 180 kg/hm? . BEAE 75 kg/hm? . £ AE 150
kg/hm?, Mo JEARFLHET 1 d). SEEARRE ARG
5510 R)FEEIE(ShHEs 05 3 1) At FH L 6
5:3:2, HIE, SEENEAHILHEH G, 5 5; A
HE . BEAEAEIEAE— R MR A
2.3 15FRHOINIE
2.3.1  HARHAR AR R MK 89

CAMIRT 1 RSB B—2 20 2K, 4
B e b3 sk AL K BETE L O
FE LR R . TP L ) RE JE RN IS
1. 552, 5 3. 5 4RIGEH N1, N2, N3, N4)
PIBTHT 1o et R il e O m B,
EFFIREEIE AL (B S YYD-1A, AR A TR
ANIEST ). $ew /N e S SRR 4R
B, R B AR A AR L Rl
T, R
2.3.2 HMRAL BE AT AL ESEERE

THAK AR A 30 BERL, R/ NX 3
SYBERORRE 9 bk, EHUK S — s H HAT R
PR, AN, R A GRS, BT,
105 °C%75 30 min, 80 °CHLT = fE =, FrHt THEM
Wy T (FLA2 0.154 mm). RHH H2S0s—H.0, T
B, FESLR S TGN 25 F PR, Bl o,
KH FP 640 A5 G ZEF 0 B i R
FH K B Y E R A i 25 F PR



£ 50 %45 5 1

FEE RN e AR ST B R AR B AR R 3

2.3.3 FEHNE

B R A E « FK/NX A HEEE 9 7UKFS
CEHA B —20 A TE N B RN, FEELAHE
BB, SEER . TR B R T

SEBRFRIINGE A5/ NX SO 50 BiakFE, B
BRE 3 Uk, F/INRUBRIHLARASATRL, Bt S PR EE
2.4 BUBAIBS S

K H Excel 2016 #EAT4(HEAL#E; SR A DPS

7.05 HATHN K =3 B E T, % Duncan’s
BT ZE T BB AR

3 HRSSMH
3.1 REREXIL BRRE FE AR MR AR NE
.11 SR ECHEAN YR

HiZ 1 A, EREACIS , MRSRORRE . O
A AR R 72 T3 43T, ML
AR RS CK A B A% 5.98%, EL.Lw B
WA 8.84%; EEFAFAIMR ML CK i 1K

5.78%, FE.0ofm I E AR 6.75%. oAbt i AE Ak
Y CKAMHZERANLE .

x1 EELETHIKBRENRSIECSE
Table 1 Plant height and center of gravity height of tested late

rice under silicon fertilizer treatment cm
fn Al Sb3 M HLEE

B o CK 100.83a 49.80a

T1 98.40ab 48.20ab

T2 97.60ab 47.60ab

T3 94.80b 45.40b
ERIEi CK 119.98a 54.09a

T1 118.91ab 52.80ab

T2 118.02ab 52.95ab

T3 113.05b 50.44b

[IBIAN R TR [l — R b BRI 22 5 A7 BE 2728 XL (P<0.05)

3.1.2 st EPRKAEETHHH

M 2RI LIEH, BRREM N1, N2 7R pEE
Jit A L St () 3G S B R A A, AE T3 b3
T, B S NL K CK B
16.39%, N2 A B FEAL 14.54%; EEHAFH
N1 9[EK4H CK BB EREIL 13.49%, N2 ik
BT 11.29%, T1. T2 Ab3xF N1, N2 J5jEK
YO0 E R i A AR X B AL A R A
N3. N4 7 TC R & R

®2 EEAETHHABRENEENEKMLEEE

Table 2 Internode length and specific stem weight of main stem of tested late rice under silicon fertilizer treatment

o e A /em HZEH/(mg em™Y)
N1 N2 N3 N4 N1 N2 N3 N4
BEEA 5 CK 7.20a 13.00a 17.70 35.90 26.89b 23.81b 22.60 10.59
T1 6.96a 12.96ab 17.50 35.25 27.99ab 25.66ab 23.71 10.81
T2 6.65ab 12.35ab 17.45 35.23 28.96ab 25.70ab 24.01 10.75
T3 6.02b 11.11b 17.50 35.36 29.79 26.61a 24.14 10.52
FHAE CK 10.60a 16.30a 23.06 37.00 25.42h 23.88b 20.62 11.59
T1 10.43ab 16.06ab 23.00 36.93 26.82ab 25.15ab 20.70 11.55
T2 9.98ab 15.98ab 23.03 36.83 27.05ab 25.41ab 20.85 11.68
T3 9.17b 14.46b 23.14 36.91 28.85a 26.93a 20.66 11.79

RIS A TR) 7B ) — fi oAk I ) 22 57 S22 1 L (P<0.05)

MERE AR AL PR = T RERS N1, N2 fHZETE, 2
AP N1, N2 LGRS LL T3 P ey, 7
T3 AFET, MEA S N1, N2 AYHZEHER CK 1Y
el 10.78%. 11.76%; E4H# N1, N2 iy
FE2EEAR CK oAl g n 13.49% ., 12.77%.
T1. T2 AbFEXF N1, N2 AYHCZEERE LR E 20, 1t

Ab, FEREAEXT N3, N4 B HZE 0 8 5 m

R bk, MrENRAERE T RRRT N1, N2 (915 E]
K, T N1, N2 f9Eb2EEE, T3 ARHEXT N1, N2
T T R L ZE e e K. iR X RE T 2 Y
[i] B4R B T L 2R FE s i 3 28
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3.1.3  xF & A A AR 4G %R

MR 3THL, 2 AMAIEAE N1, N2 515 a)HL
Wit 5 it Ak A o R AT, N TR B
T2 i T3 AbHR R & & F CK I, fF T2, T34h#
T, BEOEAE G E NL e CK 45 B g1 m
8.90%. 11.49%, E£H&M N1 EIHAE: CK 14
RN 9.85% ., 11.34%, T2 1 T3 4bHa] G2
FHES TE T3, BEE S N2 15 kL

CK [ 341 8.57%, EAFE) N2 Filal#l4s CK
()5 8.89%, Hifth 3 MAbBHIAIC B EE R
it Ak A X B AR N3 N4 15 [BDRLIC 8 352

BEEA i . FBAFEM T3 LbFEAY N1 5[ aE R
PR EET CK Y, 4rRIiain 11.76%. 8.82%,
Mt RERE AL PRR] JC & 2 22 5 . FRENEXTBRARE N2,
N3, N4 5 [a)BEJE G 250

#3 AEEAETHHXRR AR EZT5 R AT B8R

Table 3 Internode thickness and internode wall thickness of main stem of tested late rice under silicon fertilizer treatment ~ mm
Rl Tl EEJE
Al i3]

N1 N2 N3 N4 N1 N2 N3 N4

AT i CK 6.18b 5.72b 4.68 421 1.36b 1.14 0.88 0.74
T1 6.20b 5.69b 4.69 425 1.38b 1.15 0.91 0.73

T2 6.73a 5.71b 471 424 1.40b 1.14 0.89 0.74

T3 6.89% 6.21a 473 423 1.52a 1.16 0.91 0.74

B CK 5.38b 5.06b 424 3.33 1.02b 0.96 0.83 0.62
T1 5.50b 5.07b 4.22 3.34 1.05b 1.01 0.85 0.60

T2 5.91a 5.12b 423 3.35 1.04b 1.02 0.89 0.63

T3 5.99a 5.51a 425 3.32 1.11a 0.97 0.87 0.61

[R5 AN ) =Bk ] — S R B B] 25 574 G124 78 X (P<0.05).

3.1. 4

SRR AG L 3 vt A6 R

MFE ATTLIESE, & T3 LB EHm T HE
4 EELETHRMENEZEMNE. H3E. Mk

Table 4 Main stem and leaf length, leaf width and leaf angle of tested late rice under silicon fertilizer treatment

A o 2 A A, it e AT Ak BB o ) 2
ML 3RS B3 Ry ITE R

o e ﬂl:t&/cm A ﬂlﬁ/em A ﬂl‘?KﬁJ/(ﬂ A

Gt a2 fE3nt il w2 F3nt il a2 F3nt

BEiEA S CK 36.30b 48.28 52.04 1.76b 1.48b 1.20 12.00a 24.20a 34.40
T1 36.32b 48.70 52.50 1.78b 1.48b 1.18 11.80a 23.80a 34.48

T2 36.44b 48.42 51.80 1.82b 1.52b 1.26 10.55b 23.40a 34.26

T3 41.54a 4954 52.28 1.94a 1.64a 1.24 10.20b 21.00b 32.20

BRI E CK 40.32 44.42 49.46 1.52b 1.22b 0.96 15.60a 26.14 41.60
Tl 40.26 43.62 48.96 1.58b 1.24b 0.94 15.10a 25.94 41.60

T2 40.32 44.00 49.20 1.58b 1.22b 0.96 14.64a 26.29 42.20

T3 40.98 43.90 49.72 1.70a 1.34a 1.00 13.00b 25.36 41.00

RIS A TR) 7B ) — fi oAk B ] ) 22 57 S22 1 L (P<0.05)

MSE T, 5 CKAEL, MEREAESE T 2 4
FEASLAR G FIE] 2 MR 5E, (H 2 SEFMUAE T3
AhFE Y CK 272 . Hrb, iirENE ARk &
R B A G 58 o B G 1.14%~10.23%
3.95%~ 11.84%, {#] 2 H-554% B34/ 0~10.81% .
0~9.84%. JitiENEALHBROL A o A AT AE 3 it
B I B TG 3 5

5 CK &, 2 ANBRS SRR sk A bt A
FAHE I N o AR AL B RO A | Sk
FaAUE 2 nhak A4 BIFEAK 1.67%~15.00%F1 1.65%~
13.22%, Hrf, T3 4b¥lY CK EFEE; ik
JE Ab B A i B sk AR BRI 3.21%~16.67%,
T35 CKWEFBE . HirEAEXBAICA 18 3 A1
FAEFAAE 20 {5 3 MAYsKk A0 R R
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32 HMEEEREXMARBRIEEN NHFESEIREF AT

wmFE 5 PR, SAMEEALAHEL, HREALREL
THEARE NI, N2 il o5, (AACH T3 4b3R N1
Tl M CKmERBE, H, P& SmD
M40 2 PR 11.35%, EAMFMSih R E
TRE 9.72%, £SAbFEXTHEFT N2, N3, N4 [y h
T TR E R E AR D AR R F AR
i,

FRENEEE T 2 MRS Rl N1, N2 35 8] 94T

WS, T2 Fil T3 ARBR) N1 JribrS A 5 CK 1)
ZSWE, £ T2/ TIAHT, PO N1 A5[H]
T W S R A CK 43 il S 3 1 i 8.96%
10.11%; EEHF N1 5 RINITEIS RS CK K55
AN 13.35%., 16.29%, T2 F1 T3 AbHaI 4T
Wrasdi LR E2ZES., £ T3 AT, BihE S N2
T RPTHTS A CK BN 11.11%, K4
B N2 WA RS 4% CK Y S & 18 13.02%,
H A AR PR TC B 22 5 . HarEAEXTeRE N3,
N4 3T W75 G 8. 5

*5 REEAET SN AEM EZE TR T NETEEIE

Table 5 Bending moment and breaking moment between main stems of tested late rice under silicon fertilizer treatment N em
e fhs ity Pribras A

N1 N2 N3 N4 N1 N2 N3 N4
BRI 5 CK 13.22a 11.24 7.83 4.65 13.06b 11.43b 9.21 7.24
T1 13.01a 11.16 7.60 4.60 13.31b 11.50b 9.24 7.25
T2 12.67a 11.06 7.71 443 14.23a 11.64b 9.30 7.24
T3 11.72b 10.88 7.67 454 14.38a 12.70a 9.47 7.23
B CK 15.54a 12.19 8.37 4.72 10.19b 9.83b 8.77 6.50
T1 14.99a 12.34 8.51 4.86 10.87b 10.25b 8.80 6.51
T2 15.23a 12.09 8.25 4.74 11.55a 10.37b 8.89 6.49
T3 14.03b 12.03 8.36 4.79 11.85a 11.11a 8.98 6.58

[R5 AN ) =B ] — S R A B B) 22 574 G312 78 X (P<0.05).

MR 6 AIHN, EENEREAR TR N1, N2 957
HIERTE L, 2 ABpAES A N1 AIEIRIEEE T2
T3 AbPEAT S EAET CK A, 7E T2 fil T3 4b3
T, BEOEA S N1 PRI EER FE o B R T R
12.02%., 19.51%, HEF# N1 15 EIAERFE £ 51
ME R 13.49%., 22.31%, T2 A1 T3 4b3EJC i

HXE 5 CK M, T3 AR ERKT 2 M
Feah Al N2 B REE 2, HhBROLAE & R
N2 5 0] A (8] R 36 B CK A 43 1) i 3 R IR T
12.95% ., 12.68%. JtifEX} N3. N4 Ag{EIRTE %L
p e A0

*6 REARAETHIXRENEETEERIER

Table 6 Lodging index of main stem internode of tested late rice under silicon fertilizer treatment

o g BEURFEEU%
N1 N2 N3 N4
oA 5 CK 101.21a 98.39%a 85.00 64.18
T1 97.74a 97.05a 82.22 63.51
T2 89.04b 95.07a 82.85 61.18
T3 81.46b 85.65b 81.07 62.71
B CK 152.41a 124.03a 95.39 72.67
T1 144.39ab 120.37a 96.73 7457
T2 131.85b 116.56ab 92.81 72.95
T3 118.40b 108.30b 93.07 72.85

(RIS ANTR) R ) — f oAb B ) 4 22 53 e 11258 L (P<0.05)

3.3 MEREREX EFHF NS EHFN

MR TN, 5 CKAE, firkAtit Py
T AROC T o AR A AT T AR SR, I
HT3 Ab B RS 2> RO A, g
5.61% . 9.01%. fi:HE A4t FH X EAS =5 AT b B 4 J5

BTG E R . R R X RO A 2R
PR BT MEOC S, B T AR ER N T
REAFZEF OB BT8R, N 6.74%, 5 CKAH
Fo, MarEAE S, B o5 25 i 0 o o AR
Wi 2.01%~23.27%, E4HF 2P RER TR /- EbE S
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BEREAC R ARG NN, SRy 1.19%~11.33%, {H

1A T3ALPEY CKAFIE & 2 5

®7 EELETHABREBHZERDR. 8% §. BRESK

Table 7 Contents of nitrogen, phosphorus, potassium and silicon in main stems of tested late rice under silicon fertilizer treatment  g/kg

Hh Al iy A 173 B i
BeUEA CK 7.31bc 1.37 9.50 34.25b
T1 7.11c 1.42 9.53 35.17b
T2 7.65ab 1.34 9.57 34.94b
T3 7.72a 1.42 9.50 42.22a
FEE CK 8.77c 2.30 8.46b 30.19b
T1 9.24ab 2.34 9.03a 30.55b
T2 9.07hc 2.21 8.54ab 30.62b
T3 9.56a 2.37 8.60ab 33.61a

() S ANTR) R ) — f oAb B D 14 22 53 e 112538 (P<0.05)

34 THEREREXHAREEFE 2R A EM K E R

W% 8 n AN, REAEXT 2 ASHEAE dh A Y
AR, PO &M A a3
LR R 7E T1 AP e, Horp, s2bry= i
 CK W33 6.81%., 11.95%. M= A
FORE, ML HMEESRE T1 AR iRs, (H
5 CK MR AREE; EEFNZEIRE T3 A0

Tiem, HEZESET CK B, HuhEIEXT 2
U o TADTN o VT AL LI ) 4 i e o1 S e O
ROBAAE T1 AR e, 3 CK 40l B4
T 5.55%F1 4.07%. BEIEA G T2 AbFRAYEERERIEL
e, HREET CK s Mk FE-F i
RBCE N, B CK SN 6.19%~10.50%.

*8 HRL4ETHRABREN~ER~EMNEER

Table 8 Yield and yield components of tested late rice under silicon fertilizer treatment

BE AR s TR

M\ EL ST =N
SRR BLiibioya v SEBRrE L L BT I%

(<10* hm?) (kg {667 md) ™) (kg {667 m?)™")
B CK 0.82ab 28.31 400.20b 104.83¢c 650.61c 648.71b
T1 0.85a 28.37 422.43a 107.04c 724.52a 692.90a 9.09
T2 0.81b 28.77 365.26¢ 123.90a 702.12ab 671.24ab 5.70
T3 0.78bc 28.65 397.02b 114.19b 676.78bc 662.42b 3.07
EHAEF CK 0.72b 28.67 423.79 83.06b 483.67b 473.980
T1 0.73b 28.44 441.02a 91.78a 558.61a 530.63a 13.72
T2 0.73b 28.47 436.02a 91.09a 547.60a 517.80a 11.23
T3 0.77a 28.45 403.85¢ 88.20a 522.46ab 511.43a 7.96

[RISAN ) B 7R [ — it oAk BRI £) 25 5 A 7127 78 (P < 0.05)
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