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6 2. LMTRMRIRG Ze00 553 R RAFE AR, KRGS AY 10t 103010 2 i 103U T 22 R0 PR (15%
220 1500 g 587K 750 kg), LARSiEIE /K A BE(CK), FE/K R il /KA A 2R 77 i . Z5FF s
AR TIFRGUEIRRRE, FE TR B AR 5 T2 25 MR AAHDCE . S5 2 AT it 2 Al 1) g 2
INZRAL 5537 fp =i, TR RAHE A RO B2, Horb 1k 1O MR 2 i 1 OB PER < ZR0 553° A7 R
Xof AR SRS 5N T 20.63%71 15.29%; 2 /NHHAME il 04 aT FRAIC 2 AN /KRR R bk =, 4 L 1)
FKBE, ST IR =S BERL R, AT 1 R FESE BERTIRTS R, SR /KRS PLEIRRE T 76 2 i 1.0 im0
RUOMRAE 1 1O AT SE RS < AT A TEIRRE ST, b 2 1O AR « R ZEATH RS B B
T 36.46%, M 1 i 1OHARIEN KA AU R RO B I 2E AN B 2R AR BBTLEIR
SRR T B 553 B2, TG HE i 2R REAS S KRR R B EMR R S, (RORIE] S Ah
MR FTREA—FF.
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Effects of spraying paclobutrazol at different leaf age in the seedling
stages on lodging characteristics of high-quality indica rice

LIU Yuxi!, XIONG lJiaming!, WU Jianjun?, YANG Xiaoyan®, WANG Yue!, HU Yajun!, CHEN Guanghui'*

(1.College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Huarong County Bureau of
Agriculture and Rural Affairs, Yueyang, Hunan 414299, China; 3.Changsha Zhenong Agricultural Technology Co. Ltd,
Changsha, Hunan 410145, China)

Abstract: In this study, we took the high-quality late indica rice ‘Taiyou 553” and ‘Yuzhenxiang’ as the test materials, and
sprayed rice seedlings with paclobutrazol(15% paclobutrazol 1 500 g with 750 kg water) at the one-leaf-one-center stage
and the two-leaf-one-center stage, and sprayed water as CK. At the maturity stage, we measured the agronomic traits and
yield of rice, the physical traits of the stalks, the mechanics and lodging resistance traits, and analyzed the correlation
between the lodging resistance traits of the plants and the main stem traits. The results showed that the spraying of
paclobutrazol significantly increased the yield of “Taiyou 553’ in both periods, while it did not significantly increase the
yield of ‘Yuzhenxiang’, in which the yields of ‘Taiyou 553’ in creased by 20.63% and 15.29% under the treatments of
one-leaf-one-center stage and two-leaf-one-center stage, respectively, compared with the control treatment. Overall, the
spraying had the tendency to reduce the plant height, shorten the internode length, increase the internode thickness and
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stem node wall thickness of the two rice varieties at the maturity stage, which in turn increased the internode fullness and

fracture bending moment, and improved the lodging resistance. In addition, the spraying at the two-leaf-one-center stage

improved the lodging resistance of ‘Yuzhenxiang” more than that at the one-leaf-one-center stage, in which the lodging

resistance index of “Yuzhenxiang’ under two-leaf-one-center treatment increased significantly by 36.46% compared with

control, while the difference between the one-leaf-one-center stage treatment and the control treatment was not

significant. The effect of paclobutrazol on the lodging resistance parameter of ‘Yuzhenxiang’ was higher than that of

‘Taiyou 553°. Reasonable spraying of paclobutrazol at the seedling stage could improve the yield and lodging resistance

of rice at the maturity stage, with its long-lasting effect depending on the rice varieties.

Keywords: high-quality indica rice; paclobutrazol; seedling stage; lodging resistance
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Table 1 Actual yields and economic coefficients of two rice varieties

under different treatments

hAh AhEL SEBRFER(hm2) LR EU%

‘Z#4 553° TCK (8.2440.06)b (52.4040.39)A
TOP (9.9410.44)a 51.67+1.01
TTP (9.5040.55)a 52.04#1.13
e YCK 8.4110.33 (46.1840.97)bB
YOP 8.84:40.32 (51.56+1.44)a
YTP 9.40+40.42 (45.7841.31)b
FE \Y; 1.86 7.18*
P 0.02 5.18*
VP 1.27 6.69*

[R) B 5504 AN 6] /N B S 7 (] — KRR b A () A BRI ) 25 5 e
247 X (P<0.05); ANFRIKEFH7RANBEifi 250 AbFE 2 A S R 25 57
AGEHEE L (P<0.05); V. P 4MillR A FIBSEET ], V@ R Fh
2R it BRI 0 58 BN 5 <+ 77 0.05 AP

MR 2 FIFR 3 AIAL, 2 A AT 2o
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AP T R 25 AR B . 2 AR
Wt 22 5 < ZR AN 55374 A1 ] B4 71 TDHELIRE A e 25
AN, (5 2 0 1O 2k At
P BEE 4 ATRIAATRHLEE AT N2, N3, N4
TR HLZETE . 2 NI i 22 R b PR R
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Table 2 Plant heights, center of gravity heights, relative center of gravity heights, N1-N4 knot lengths and ear lengths of two rice
varieties under different treatments
bR b 7=l L fem MIXTEOEEM  N1-N4 5K /em FKfem
HRAL 553 TCK  (114.7320.65)aB (53.54+1.04)ab 46.7440.86 (84.950.48)aB (25.2340.37)B
TOP (103.83+1.74)b (50.73+1.13)b 48.8420.51 (74.50+1.58)c 25.8240.51
TTP (111.5440.81)a (54.2640.82)a 48.6530.69 (81.01490.48)b 26.3940.45
CRKER YCK  (125.2240.84)aA 55.01#.51 (43.9541.22)b (89.99+41.17)aA (28.774.21)A
YOP (118.54+1.29)b 57.2140.36 (48.3040.54)a (82.9040.91)b 27.9840.56
YTP (121.67+1.78)ab 54.7840.98 (45.0540.71)b (88.02+1.21)a 28.7140.46
F1E \Y 72.57** 16.10** 11.17** 47.48** 20.10**
P 13.81** 0.39 7.74%* 27.01** 1.69
VP 2.48 11.66** 6.10* 0.38 0.03
N1-N4 KRR MR TH 1 25 4 TRLEKE; RS R/ING TR [ — KRS RIS 6 4k B ) A 22 S A e 24 3
(P<0.05); MN[FRE FHEE/R A 225 A FT 2 A~ AR ] Y 25 547 G142 3 L (P<0.05); V. P ARJIlR A AR IR IS I, V@ KR AR
ZRA T I S E AN 5 <+ 3R 0.05, 0.01 K- o
R3 TEALE 2 Nk FERMETIEKEMRERE
Table 3 Internode lengths and panicle weights of two rice varieties under different treatments
9 [ EE fom
i Al oSt FREST /g
N1 N2 N3 N4
‘#5537 TCK 38.4140.57 (22.0620.27)a (14.5420.62)aB (9.9440.47)aB 3.9540.16
TOP 36.5440.68 (20.0140.34)b (10.7620.98)b (7.19490.26)c 3.7340.30
TTP 38.7240.98 (20.8740.27)b (12.9240.90)ab (8.5040.42)b 4223017
‘EEAT S YCK 35.83#1.67 (23.30+1.13)a (18.1920.41)aA (12.6740.81)A (4.2240.27)b
YOP 35.71#.11 (20.0420.45)b (16.2820.63)b 10.8740.66 (4.0140.32)b
YTP 38.000.82 (21.47240.22)ab (16.3320.56)b 12.2240.46 (5.0540.12)a
F i \ 0.72 0.90 32.37** 61.28** 5.25*
P 5.97* 11.63** 2.00 7.96%* 10.09**
VP 0.00 0.72 181 0.00 1.30
RIS ECHE AR NG T 5 7R [R] — K A SRS R b BRI 9 22 53 BE it 2538 X (P<0.05);  ARIKRE F-RER A BT Z AL B 2 A 5l a] Y
EFAGIFEREL(P<0.05); V. PABIURSAFIRIBTERIY , V x P 3R SR SOMBE it B 0 (S8 AN 5 <435l 0,05, 0.01 /K
RRTE N
2.1.2 FlammEskfe:E ATE 2 DIKFE AP N1-N3 5[] i) 2L BE JEL R AIATF AR 44

1M 10 A 22 R0, < FR AL 553745 15 1] (1) 2K REJE
FERFFAMEE R S IR R 2 it 1.0 w2
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e R R

ot R 22 35k A i st R X6 4 445 TR AEL AT 25
FEEL. N3 TAZEREELRE , LI N2, N3 FI N4 17
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Table 4 Main stem internode thickness and stem wall thickness of two rice varieties under different treatments mm
Rl LI
RREN fb
N1 N2 N3 N4 N1 N2 N3 N4
‘#5537 TCK  2.4240.05 3.7740.08 4.5640.12 5.2740.10 (0.3310.02)A (0.3620.01)b (0.45#0.02)b  0.59+40.03
TOP 2.50#0.10 4.2540.23 4.7040.12 5.0410.16 0.3540.01 (0.4420.03)a (0.5320.02)a  0.5840.02
TTP  2.4540.06 4.0740.13 4.6640.11 5.0840.14 0.3440.01 (0.4020.02)ab (0.5020.02)a  0.5840.02
‘EEFEF O YCK (2.3240.10)b  (4.0240.15)b  (4.8420.17)b  (5.4140.21)b  (0.2620.01)bB (0.3440.01)b  0.48+0.03 (0.5249.03)b
YOP (2.2140.07)b (3.8740.14)b  (4.6440.15)b (5.2240.19)b (0.3240.01)a (0.3940.01)a  0.5040.02 (0.5740.02)ab
YTP (2.61%0.05)a (4.63%#0.11)a (5.5540.12)a (6.2440.14)a (0.3440.01)a (0.4140.01)a  0.5540.02 (0.63%0.02)a
FE \% 0.84 0.33 11.00** 17.43** 1.65 0.97 0.18 0.85
P 5.98* 3.23 12.28** 10.95** 0.95 0.23 0.23 2.04
VP 9.75** 8.92** 14.56** 9.42** 1.65 2.57 6.50* 1.88

[ AN ] INE i [l — 2K R R AR [ b BRIA] 922 5745 1247 X (P<0.05) 5 AR KB FB R IR 2230 Ab B 2 A5 R 11 59 25 5 A B -2
B (P<0.05); V. PZrillzn B RIBEiIT A, V x P 3R iR 230 I U (38 F AL 5 x>+ 43l 7R 0.05, 0.01 /K- 3% .

®5 BAET 2 MkfamMEEETHEFRIERMEEE

Table 5 Internode culm type indexes and specific stem weights of main stems of two rice varieties under different treatments
FFRIFEEU% £ /(mg -cm™)
RTE 4k 3
N1 N2 N3 N4 N1 N2 N3 N4
‘#fl 553° TCK (0.2720.01)b (0.4240.01)b (0.5140.02)b (0.5940.01)b 4.5540.18  (6.7740.23)B  (9.0120.45)B 13.3140.71
TOP (0.3220.02)a (0.55#0.04)a (0.6020.02)a (0.6540.02)a 4.7040.38 8.25+1.01 12.15#.55  14.88+.79
TTP (0.2920.01)ab (0.4840.02)ab (0.5520.02)b (0.6040.02)ab 5.0240.24 8.0630.46 11.4240.76  15.0040.88
CEEART YCK (0.2430.01)b (0.4240.02)b (0.5030.02)b (0.5640.02)b (5.0640.39)a (9.3840.64)bA (14.0040.73)bA (15.68+1.40)b
YOP (0.2420.01)b (0.4320.02)b (0.5140.02)b (0.5840.02)b (4.1540.29)b (8.9540.67)b (12.20+1.11)b (14.65+1.46)b
YTP (0.2820.01)a (0.50#0.01)a (0.6030.01)a (0.6740.01)a (5.4640.14)a (12.5540.74)a (18.70+1.39)a (22.17+.43)a
F i \ 15.75** 4.81* 1.57 0.01 0.04 12.17** 8.75** 5.90*
P 0.03 0.00 0.79 1.58 8.71** 5.25* 5.42* 7.14*
VP 11.00** 9.33** 17.72** 15.35** 3.20 6.51* 8.52** 6.70*

()5 B A [ /NG 705 [ — iy AR [ Ak B £ 22 5 AT G327 L (P<0.05) 5 AR S FRE/R ANt 22 s ab B 2 A bl ] (9 22 5 AT GE 2 R X
(P<0.05); V. P Z}5R R AIBLIERT I, V x P FoR iRl A1 Z A I S TA 5 <> J3 578 005, 0.01 /K-

2.2 AN[E)RT HARE e 22 A 3o ZEFF 45 K H R
Nk Al
AT FAFH

MF 6 FIZR 7 WA, RBTiEZ A EE T, ¢
P 553 N1 5 mI A N F7 . N4 5] h R
N3 [ AT 3 B AR T K5HE /Y, 2 KA
rog LS W 1 Pl 10 TNTETE 28 G o A RN 1 D
AT I RAR R KL, 2 A
WHIE i 2kt ZEAR 55324 A5 RIS Sy L Y
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%

21X
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Table 6 Section modulus and bending stress of main stem internode of two rice varieties under different treatments

W T A4 /mm® Z5 % F1/(>10° N m2)
mFh kb
N1 N2 N3 N4 N1 N2 N3 N4
il 5537 TCK 2554018  (7.57#0.45)b 13.59+1.05  22.65+1.61 (8.3840.47)abB  3.12#0.39 2453026  3.1140.30
TOP 2864029 (11.76#1.85)a 16.18#1.10  20.4441.73 (7.2840.35)b 2.80#0.47  3.260.58  3.3440.52
TTP 2702020  (9.80#0.94)ab 15.39#0.95  20.85+1.51 (8.8540.43)a 2.8140.34  3.36%0.35 3.6240.31
‘L4MEF YCK (2.0620.23)b  (8.3620.85)b (16.70+1.90)b (22.8242.74)b (10.4740.47)A  3.874029 3414047  3.10+40.34
YOP (2.0140.17)b  (8.7040.90)b (15.4241.68)b (22.1642.56)b  10.3321.45 38140.28  3.0430.23  3.1020.20
YTP (3.1340.14)a (13.3940.87)a (24.6941.72)a (35.19241.91)a  8.1620.49 32740.16  3.07#0.18  2.69#0.31
F1E \Y 1.01 0.05 9.22%* 16.65** 2.10 4.86* 0.48 271
P 5.17* 1.27 9.10%* 11.64** 0.14 0.63 0.03 0.03
VP 9.10%* 7.57%* 12.82%* 10.28** 5.25% 0.70 0.01 0.92

RIS B AR /NG S BE 7R [ — i AN R Ak BRI £ 2 57 e 2 5 L (P<0.05) 5 NIRRT 7B 7R ANt 22 Z0MEAE B 2 >R ] A9 22 53 A e i2 18

(P<0.05); V. P Z}57R R ANEIEI I,V x P IR ity A1 22 2 e I S0 ) S FL 2000 5

R7 TELE 2 KRR EZTEEHDIERGR

Table 7 Bending moment and bending resistance of main stem of two rice varieties under different treatments

e /3R 0.05, 0.01 K-

25 1 J3%E/(N €m) A5 BT 71N
v Ab 3R

N1 N2 N3 N4 N1 N2 N3 N4
Fefh 553 TCK 4912021 8162031 11334033 (14552046)B 1654012 1844025 (2.7240.46)B  5.7020.83
TOP 5.2440.41 8.7040.60 11.324.63  13.3440.70 1.6540.19 2.5740.55 4.1310.76 5.0440.60
TTP 5.7140.35 9.3840.51 12424050 14.8840.51 1.8440.09 2.0620.22 4.0140.42 5.6940.33
EE YCK (5.004043)b (8.7120.70)b (12.8320.90)b (16.8820.98)bA 1.6640.19 (25040.28)b (4.310.53)bA 5352075
YOP (4804041)b (7.9440.64)b (11.3020.82)b (14.17+1.09)b 1594019 (2.5240.20)b (3.5940.37)b 5254051
YTP  (6.4740.20)a (11.0240.30)a (15.7840.45)a (20.5640.68)a  2.0140.16 (3.4520.30)a (5.8940.39)a  7.4540.85

F1H \Y% 0.21 0.69 7.29* 17.67** 0.13 3.78* 1.70* 2.71

P 9.18** 12.62** 20.52** 26.25** 3.47 0.37 4.52* 5.64*

VP 2.86 5.17* 7.48* 9.81** 0.49 4.34* 5.63* 1.65

()5 B A [ /NG 705 [ — iy AR [ Ak B £ 22 5 AT G327 L (P<0.05) 5 AR S FRE/R ANt 22 s ab B 2 A bl ] (9 22 5 AT GE 2 R X
(P<0.05); V. P Z}5lR R AIBIERT I, V x P FoR iRl A1 Z A I S TA 5 < <+ 43578 005, 0.01 /K-
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Table 8 Lodging resistance of main stems of two rice varieties under different treatments

T TSR /(N em) BRIEEU%
mmAh AbE ZEFFBUEIREL
N1 N2 N3 N4 N1 N2 N3 N4
il 5530 TCK 2114015 2.35#0.32 (3.472058)B 7.2741.06 238.34210.90 396.50448.01 402.51466.63 233.88430.43 5.17+40.94
TOP 2104024 3274070 5.2740.97  6.4240.76 261.69+16.45 448.02+4143.72 269.13243.97 225.76422.83 8.37:.70
TTP 2344012 2632028 5114053  7.2640.42 244.63+10.97 395.91:449.03 273.18240.74 211.40415.30 7.42+40.80
EAMF YCK  2.1240.24 (3.1920.35)b (5.4940.67)bA 6.8240.96 2455841556 297.64438.62 278.27451.90 291.33449.95 (7.9040.95)b
YOP 2.0340.25 (3.2140.26)b (4.5820.47)b 6.7040.64 272.81+46.43 262.22433.42 265.23431.60 227.10428.54 (6.28+40.66)b
YTP 2574020 (4.3920.38)a (7.5140.50)a 9.50+1.08 264.61421.86 264.12421.96 218.53217.07 289.44486.16 (10.7840.74)a
F1E \Y 0.13 3.78 1.70* 271 0.32 4,09 0.70 0.70 1.35
P 3.47 0.37 4.52* 5.64* 0.21 0.10 0.37 0.26 0.11
VP 0.49 4.34* 5.63* 1.65 0.03 0.12 0.53 0.65 5.32*

RIS B AR /NG - BE 7R [R]— i AN R Ak BRI F) 22 5 A e 124 5 L (P<0.05) 5 ANIFIR S BE7R ANIEit 22 30 MEAL B 2 >R ] A9 28 5 A e 12 18

(P<0.05); V. P Z}57R R ANEIEI I,V x P IR ity A0 22 R e I S0 ) S B 2000 5
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Table9 Correlation coefficients between internode breaking moment and lodging resistance index and main physical and mechanical properties of plants

. NPV
JInt In2 JIng Ing Znt Zn2 Zn3 Zna EFFHLEIFEEL

3] 0.032 0.034 0.004 0.057 0.084 -0.166 0.074 0.226 -0.105

ELOHE 0.097 -0.126 -0.226 -0.231 0.066 0.035 0.262 0.284*  —0.376**
FHXF O v 0.066 -0.169 -0.232 -0.301* -0.027 0.225 0.179 0.046 -0.266

BT 0.454** 0.365** 0.446** 0.334* 0.261 -0.124 -0.121 0.256 0.386%*
REERSES 0.381**  —0.224 —0.249 -0.144 -0.004 0.200 0.247 0.353** —0.152

K 0.295* 0.321* 0.401** 0.306* 0.083 -0.170 -0.253 0.041 0.348%*
7 B 0.688** 0.568** 0.608** 0.515**  —0.247 -0.179 —0.373** 0.005 0.552%*
ZEREJELRE 0.414** 0.646** 0.697** 0.610**  —0.208 ~0.295* ~0.561**  -0.323* 0.717%*
FARILE T 0.510** 0.494** 0.637** 0.554**  —0.204 -0.087 ~0.449** 0171 0.637%*
3y 0.585** 0.733** 0.693** 0.613**  —0.009 —0.414**  _0.426**  -0.163 0.699%*
VKT TS5 0.692** 0.665** 0.673** 0.610**  —0.241 —0.245 —0.424**  —0.088 0.604**
eS| 0.372* 0.534** 0.683** 0501**  —0510%*  —0.742**  _0.714**  _0.653**  (0.302**
i fisE 0.597** 0.390** 0.497** 0.427** 0.166 -0.031 -0.174 0.187 0.440%*
Rtk E Wil 0.664** 0.817** 0.900** 0.881**  _0.352**  _0.485**  _0.634**  _0.493**  (.883**
9 BT 1.000** 1.000** 1.000** 1.000**  —0.654**  _0.705**  —0.794**  _0.670**  0.883**
ZEFTFHUBIREL 0.480** 0.762** 0.984** 0.624**  _0.224 —0.415**  —0.785**  —0.284* 1.000%*

Inty Inzy Jns. Ina MR NLL N2, N3, N4 Y5RITEISH ; Zn. Zna. Zns. Zna 3908 N1, N2,

0.05, 0.01 /K3 .

N3. N4 5 ERTE R w3
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