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Effects of One-time Basal Application of Controlled-release Blended Fertilizer on Rice Yield
and Lodging-related Traits

LIAO Ping", LIU Ruotong, MENG Yi, WENG Wenan, DU Hanmeng, LI Jun, GAO Hui, ZHANG Hongcheng
(Yangzhou University/Jiangsu Key Laboratory of Crop Cultivation and Physiology/Jiangsu Co-Innovation Center for Modern Production Technology of Grain
Crops/Jiangsu Industrial Engineering Research Center of High Quality Japonica Rice/Research Institute of Rice Industrial Engineering Technology, Yangzhou
225009, China, *Corresponding author, email: p.liao@yzu.edu.cn)

Abstract: [Objective] Lodging is a critical constraint on achieving high and stable rice yields, and optimizing fertilization
strategies to improve stem strength represents a key approach for reducing lodging risk in rice production. This study aims
to elucidate the effects of different fertilizer types on rice yield and lodging-related traits. [Method] We conducted a field
experiment including two japonica rice varieties (Huaidao 5 and Nanjing 9108) and two fertilizer types [conventional
fertilizer (CF) and controlled-release blended fertilizer (CRBF)] in a rice-wheat rotation system in Jiangsu Province.
[Results] Compared to CF, CRBF significantly increased rice yield (+3.7%), with Huaidao 5 and Nanjing 9108 exhibiting
yield increases of 3.3% and 4.1%, respectively. The yield improvement was primarily attributed to the increased effective
panicles and total spikelets. Regarding lodging traits, CRBF reduced the lodging index (LI) of the first (—5.3%) and second
(—4.2%) basal internodes, while its impact on the third internode was not significant. The reduction of LI was attributed to
a greater increase in breaking resistance than in bending moment. In addition, CRBF reduced internode length while
increasing internode diameter and stem wall thickness at the first and second basal internodes, thereby enhancing stem
strength. [ Conclusion] CRBF synergistically improves rice yield and lodging resistance, and provides a scientific basis
for high-quality rice production in the rice-wheat rotation system.
Keywords: controlled-release blended fertilizer; rice yield; lodging index; breaking resistance; stem strength
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Table 1. Effects of one-time basal application of controlled-release blended fertilizer on rice yield and its components

e e e ﬁfm@ﬁ ﬁ%*ﬁﬁz L"%ﬁﬂzi fﬁ%;i T+ﬁ$ . Fi
Year(Y) Variety (V) Fertilizer type (Ft) Effective panicles Splkeléts per  Total spikelets Seed setting rate 1000-grain weight ~ Grain yield
per 1 m? panicle per 1 m? (%) (g) (t/hm?)
2022 ERES S HWHIIEE CF 318 113 36008 95.9 27.7 9.12
Huaidao 5 ##B15IRME CRBF 345 111 38220 95.2 27.1 9.49
FAE 9108 H ALK CF 297 146 43379 93.6 24.1 9.35
Nanjing 9108 45 IR CRBF 319 143 45646 94.0 232 9.86
2023 WERES S WHLAEELCF 291 135 39218 91.7 26.0 9.02
Huaidao 5 % 45IRAC CRBF 320 127 40580 91.5 252 9.26
MR 9108  HHLIEEL CF 278 159 44164 90.1 242 9.16
Nanjing 9108 #&#ZIR/E CRBF 313 146 45791 90.6 234 9.41
F 18 F-value
JERIER Ft 144.7** 582" 60.2"* ns 523" 68.0""
T IAY 51.3* 10453 672.6*** 47.6™* 635.9"* 29.9%
FhY 68.3™ 2561 456" 302.2*** 558" 34.6™
ARG V X Y 8.0 40.4™ 23.3"" ns 741 ns
JEARIR BRI EA Fex Y ns 21.7" ns ns ns 5.5*

JERIER S SRR R IAE (FtxV) RADEIER, BfSEM =ZFERTE (FtxV xY) MK E LRI m R RE . *, s fileegy
MFEIRTE 0.01<P<0.05, 0.001<P<<0.01 Fl P<<0.001 /K~ b ERN K AN 22 5F B3 . ns RoRNFAEMMNARE .

No significant Ft XV or Ft XV x Y interactive effects on rice yield or its components were observed. The symbols *, **, and *** denote significance at the

P<0.05, P<<0.01, and P<<0.001, respectively. CF, Conventional fertilizer; CRBF, Controlled-release blended fertilizer. ns, No significant interactive effect.
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Table 2. Effects of one-time basal application of controlled-release blended fertilizer on breaking resistance, bending moment,

and lodging index
it Ll FIRFEEL
- '?rﬁrh HEH%@ Breaking resistance (N) Bending moment (cm-g) Lodging index (cm g'N)
Year (Y) Variety (V)  Fertilizer type (Ft) I D I’ I D B I b I’

2022 VERES 5 HHUAERL CF 26.0 21.2 18.9 667 583 489 25.7 275 259
Huaidao 5 {EREA5IRAL CRBF 30.0 243 19.8 728 635 516 243 26.1 26.1
MFE 9108 HRLALE CF 26.4 225 18.9 808 695 559 30.6 31.0 29.5
Nanjing 9108 # B #£IRAE CRBF 30.7 25.6 19.9 864 747 589 28.2 29.1 29.7

2023 EFES T ALK CF 253 16.5 12.7 650 612 495 25.7 37.1 389
Huaidao 5 EREBIRIE CRBF 28.1 18.8 13.1 701 665 521 24.9 353 39.9
AT 9108 WAL CF 29.5 19.3 13.8 784 640 568 26.6 332 413
Nanjing 9108 ¥ B3R CRBF 33.0 21.7 14.8 839 710 623 254 32.7 424

F {8 F-values

JERISETY Ft 132.8"" 532" 4.8" 102,57 854™ 474" 35.8™ 8.3 ns

ffh v 63.9"  294™  ns 622.5""  1452"*  248.7*** 113.6"*  ns 10.3"

EHY 54°  131.8™ 2482 17.7"" ns 7.0* 412" 171.6™  186.9™

R4 V X Y 392" s ns ns 37.1"  ns 59.1" 467" ns

JERIETY S RMPE R EAE (FtxV), ERRBMSEMHERERELIE (FtxY) RIEEER., mFrS5E0 =HFHREE (FtxVxY) SKEHHT.
o AR RER IR R B R R . *, R R I RIRAE 0.01<P<K0.05, 0.001<<P<0.01 1 P<<0.001 /KF 32 K HARR N 2 5 B . 11,
12 A0 13 7 /KRR A 1, 55 2 AN 3

No significant Ft xV, Ft x Y, or Ft XV x Y interaction effects on breaking resistance, bending moment, or lodging index were observed. The symbols *, **,
and *** denote significant main effects and interactive effects at the 0.01 <<P<0.05, 0.001 <P=<:0.01, and P<<0.001, respectively. I1, 12, and I3 indicate the first,

second, and third internodes of the rice stem base, respectively. CF means conventional fertilizer, CRBF means controlled-release blended fertilizer.

F3 RMEEERSREXKEESTEKE, PEEEMNZEERNFN
Table 3. Effects of one-time basal application of controlled-release blended fertilizer on internode length and coarseness and
stem wall thickness

N o . REIER IS T TRDH 2 %E.%J%J}Z*
Year (Y) Variety (V) Fertilizer type (0 Internode length (cm) Internode coarseness (mm) Stem wall thickness (mm)
Il 2 3 11 2 3 11 ) 3
2022 RS S WACELCF 495 7.90 11.5 4.56 4.16 3.76 0.84 0.72 0.62
Huaidao 5 #%B#5IRIE CRBF 4.71 7.41 112 4.74 4.40 3.91 0.92 0.76 0.62
M 9108 HHLALEL CF 5.67 9.15 14.2 4.79 434 391 0.82 0.71 0.62
Nanjing 9108 #E:5IRAE CRBF 5.12 8.58 14.1 4.99 443 3.96 0.92 0.75 0.61
2023 ERES S WHIAEEL CF 523 9.95 13.7 4.59 423 3.88 0.97 0.73 0.65
Huaidao 5 #%B#BIRIE CRBF 4.93 9.06 12.9 491 442 3.97 1.00 0.77 0.68
MFE 9108 ALK CF 5.72 10.33 14.5 5.02 431 4,04 0.90 0.70 0.60
Nanjing 9108 #ZF45RAC CRBF 5.36 9.57 14.6 521 4.47 4.08 0.97 0.74 0.67
F {8 F-values
JERIER Ft 51.3"* 446" s 100.5"* 312" ns 17.6™ 273" s
A v 100.0"** 66.9"  67.1™ 189.1*** 7.6" 8.0° ns 9.4* ns
EHY 147 2097 21.9™ 513" ns 5.9 226" s 7.4
SRS VXY ns 142" 9.6™ 8.3" ns ns ns ns ns

AERIEA S SR PN R AR (FtxV), ARREHSEMPIEERLIE (FtxY) MIERIZER, SRS EG =REEME (FtxVxY) SKEH .
25 M ERE RIS B R R B3 . *, R S BIETRAE 0.01<P<0.05, 0.001<P<0.01 1 P<<0.001 KT _EF 2R K HARRM 2 T8 E. 11,
12 M1 13 3 AR KAEHE TR A 1. 55 2 A% 3 i),

No significant Ft xV, Ft x Y, or Ft xV x Y interaction effects on breaking resistance, bending moment, or lodging index were observed. The symbols *, **,
and *** denote significant main effects and interactive effects at the 0.01 <<P<0.05, 0.001 <P<.0.01, and P<<0.001, respectively. I1, 12, and I3 indicate the first,

second, and third internodes of the rice stem base, respectively. CF means conventional fertilizer, CRBF means controlled-release blended fertilizer.
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There were no significant two- or three-way interactions for plant height. No significant Ft XV, Ft x Y, or Ft XV X Y interactive effects on gravity center height

were observed. The symbols ** and *** denote significant main effects and interactive effects at the 0.001 <P<:0.01 and P<0.001, respectively. CF+HD5

indicates Huaidao 5 combined with conventional fertilization, CF+NJ9108 indicates Nanjing 9108 combined with conventional fertilization, CRBF+HD35

indicates Huaidao 5 combined with one-time basal application of controlled-release blended fertilizer, CRBF+NJ9108 indicates Nanjing 9108 combined with

one-time basal application of controlled-release blended fertilizer.
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Fig. 1. Effects of one-time basal application of controlled-release blended fertilizer on plant height (A) and gravity center height
B)
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Fig. 2. Correlation analysis of the relationship between lodging index and influencing factors
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