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Effect of Foliar Nitrogen Fertilizer Application Timing on Yield and Quality of Ratoon Rice
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Abstract: [Objective] This study aims to investigate the effects of foliar nitrogen fertilizer (FNF) application at
different times within the same period after mechanical harvesting of the main crop on the physiological characteristics,
yield, and quality of ratoon rice, providing a scientific basis for increasing yield and improving quality of ratoon rice.
[ Method] After the mechanical harvesting of the main crop, a field split-plot two-factor experiment was conducted in
high-fertility (HF) and low-fertility (LF) fields. The main plots were assigned to rolling and non-rolling conditions,
while the subplots were assigned to different FNF application times: spraying clean water on the day of harvesting
(CK), and spraying FNF at 1 day (D1), 3 days (D3), and 7 days (D7) after harvesting. The physiological characteristics,
yield, and quality of ratoon rice were measured to elucidate the effects of foliar nitrogen application timing on yield and
quality. [Result] The results showed that FNF significantly increased the SPAD value, dry matter weight, leaf area
index, and effective panicle number of ratoon rice. Under both HF and LF conditions, FNF increased yield by 25.6%—
82.8% by improving the effective panicle number. In the non-rolling area, no significant differences were observed
among different FNF application timings, but all treatments significantly increased effective panicle number by 16.7%—
30.6% and yield by 25.6%-36.7% compared to CK. In the rolling area, the yield enhancement effect gradually
decreased with delayed FNF application. Under the D1 treatment, the effective panicle number significantly increased
by 61.5% and 62.5%, and yield significantly increased by 74.9% and 82.8% under the two fertility conditions,
respectively. FNF primarily improved the quality of ratoon rice by increasing the head rice rate and reducing the
chalkiness rate. Compared to CK, in the non-rolling area, FNF significantly increased the head rice rate by 9.5%—17.8%
and significantly reduced the chalkiness rate by 8.1%—15.3%; in the rolling area, FNF significantly increased the head
rice rate by 15.0%—17.9% and significantly reduced the chalkiness rate by 9.2%-15.7%. [ Conclusion] Foliar nitrogen
fertilizer application after mechanical harvesting of the main crop effectively increases the yield and quality of ratoon
rice. In rolling areas, the application timing significantly affects outcomes, with the best results achieved when spraying
on the day of harvesting. In non-rolling areas, the application timing has no significant effect, and FNF can be applied
within 7 days after harvesting.
Keywords: ratoon rice; mechanical harvesting; foliar fertilizer; spray timing; yield; quality
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Table 1. Effects of foliar fertilizer application timing on ratoon rice yield and its components

- Wb Mg it b R ﬁ&ﬁ%&ﬂz. %W#{ THE ' %%K o
Site Rolling treatment Spray- Productive panicle Grain nu@ber Thous‘and grain Seed setting Yield(kg/hm?)
treatment No.(No./m?) per panicle weight(g) rate (%)
e it g [X. Rolled area CK 190.67+12.70 ¢ 71.14+0.28a  20.81+0.36 a 77.90£021b  2200.32+177.30 c*
HF DI 308.00£22.00 a*  71.28+0.61a  21.58+0.06 a 81.27+0.07a  3848.63£236.61 a*
D3 271.33+12.70 b*  72.11£0.04a  20.85+0.15a 80.16x1.13a  3269.09+113.61 b
D7 278.67+12.70b  71.48+042a  20.91+0.17a 81.66+2.12a  3399.63£140.98 b
JE#E X Non-rolled area CK 264.00£22.00b  78.76£2.02a  20.93x0.31a*  80.39+0.58 b*  3498.33+318.07 b
DI 344.6712.70a  77.95£0.66a  20.94+0.58 a 85.03+0.28 a*  4781.92+136.80 a*
D3 337.33£12.70a  77.43+136a  20.79£0.26 a*  83.80£0.61a  4551.64+207.29 a*
D7 337.33+£12.70a  78.15¢1.12a  20.98+0.60 a 84.32+0.81 a*  4665.78+301.58 a*
Rt e i [X. Rolled area CK 176.00+22.00b  71.49+1.05a  20.84+0.47 a 7330+0.82b  1923.33+253.19b
LF D1 286.00422.00a  71.86+0.39a  21.25+0.37 a 80.59+0.67a  3516.57+198.65 a
D3 24933+33.61a  71.58+1.84a 21.17+0.38a 78.64+0.93a  2971.90+423.05a
D7 264.00422.00a  72.16£1.17a  21.38+0.32a 79.01£1.55a  3214.14£221.34a
JEHRIEIX. Non-rolled area CK 220.00£22.00b  77.33£0.53a  20.94x0.18 a 76.47£0.74b  2725.88+301.72 b
DI 271.33+12.70a  77.48+1.69a  21.14£0.29 a 81.16£0.17a  3605.52+128.74 a
D3 264.00+£22.00ab  78.04£0.72a  21.07£0.30 a 81.24+0.82a  3527.02£303.59 a
D7 256.67+33.61 ab  78.15£0.66a  21.05£0.35a 81.05£0.61 a  3423.97+476.96 a
F{Y  WEJEALFE Rolling treatment(RT) 32.595% % 412.067%** 1.396ns 99.024%** 109.713%**
F value {5 Site(S) 52.595% % 0.007ns 1.674ns 120.201%** 74.588%+*
W jtiAbEE Spray treatmet(ST) 43.96%*** 0.246ns 2.178ns 75.071%%* 59.375%**
8 R AL EE <R30 RT*S 17.357%%* 0.916ns 0.006ns 3.935ns 25.838%%*
i JE AL HE < Wi AbBE RTXST 2.944% 0.324ns 0.950ns 0.698ns 2.316ns
St < Ab 3 SxST 0.595ns 0.361ns 0.771ns 3.596% 0.424ns
T8 i A B < 2056 b < 5 it b 3L 0.405ns 1.013ns 0.892ns 2.339ns 0.580ns
RTxSxST

CK: X#; D1, D3, D7 2 HIFRHUGE 1 d, 3 d, 7 d BT FNF. [ —FU A FRSEELE, AFNS 7R 0.05 KT EERRE (LSD). *FortiFH
TEAEALEE N B XA X TE 5%7K-F L2 3 (Ao %, #*, * ) IFIRTE 0.001, 0.01, 0.05 KFZEREE; ns £RERAEE. N,

CK, Control, sparying clean water on the harvest day. D1, D3, D7 mean FNF application 1 d, 3 d, 7 d after harvesting. HF represents the high-fertility
experimental field, and LF represents the low-fertility experimental field. Within a column, different lowercase letters indicate significant differences among
different treatments at the 0.05 level (LSD). *indicates a significant difference between rolled and non-rolled areas under the same fertilization treatment at the
5% level (r-test). *** ** * represent significant difference at the 0.001, 0.01 and 0.05 probability levels, respectively. ns means no significant at the 0.05
probability level. The same below.
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Table 2. Effects of foliar fertilizer application timing on processing and appearance quality of ratoon rice

R4 TR IR AL A *%7161 *ﬁ%z agg*%*z ;LEIK K5 Hﬁ.
Site Treatment Spray- Head rice rate Brown rice rate  Head milled rice rate Chalkiness rate ~ Length-width
treatment (%) (%) (%) (%) ratio
1= it A IRJEX Rolled area CK 43.56+1.02d 72.67+1.20 ¢ 26.89+1.26 d 46.87+136a  2.70£0.10 a
HF DI 58.00+1.76 a 78.11£1.39 a 44.44+126 a 35.17£025d  2.60+0.10 a
D3 54.67+1.53 b 72.89+1.17 ¢ 39.22+1.02 b 36.80£0.36 ¢ 2.57+0.06 a
D7 50.67+1.33 ¢ 7544150 b*  36.44+0.51 ¢ 38.73£0.47b  2.63x0.06 a
JEHRIE X Unrolled area CK 42.22+1.02 ¢ 7133120 b 26.22+1.26 b 46.67+1.36a  2.63£0.06 a
DI 56.33%1.76 a 74.78+0.69 a 43.11%1.26 a 3497£025¢  2.70+0.10 a
D3 54.56+1.39 ab 72.22+126ab  41.56x1.64 a 36.83£0.35b  2.63+0.06 a
D7 51.89+2.04 b 71.2242.14b 41224150 a 37.43+£0.68b  2.63x0.06 a
I it JIE I#JEX Rolled area CK 50.33£0.88 b*  79.33+1.20a 33.56£1.26 b 4187+136a  2.70£0.10 a
LF DI 64.00£1.33 a* 80.33+0.67a*  51.11x1.26a 27.67£120b  2.60+0.10 ab
D3 62.11£1.39 a* 80.56+1.17 a* 50.89+1.35 a 27.80+0.46 b*  2.57+0.06 ab
D7 62.89+1.17 a* 79.78+0.51 a 51.33+1.67a 26.83:031b  2.53+0.06 b
JEHREIE X Unrolled area CK 4522+1.07 b 72.00+£1.20 a 33.56£1.26 b 4187+136a  2.70£0.10 a
DI 58.11%1.17 a 78.00£033ab  51.11x1.26a 2640£0.46b  2.60+0.10 a
D3 56.89+0.51 a 76.89+0.51 b 51.44+135a 26.13031b  2.57+0.06 a
D7 57.00+0.67 a 75.78+1.58 ¢ 50.44+0.84 a 26.17+031b  2.57+0.06 a
Fi& TR IEALEE Rolling treatment(RT) 217.210%** 151.270%** 614.838%** 1339.163%** 2.133ns
Fvalue iR3GHh Site(S) 62.710%%* 94.611 %% 2.623ns 7.863%* 0.533ns
W5 fti4b3# Spray treatmet(ST) 262.122%%* 22171 %% 477.380%** 721.732%%* 3.956%
TRIE AL R RT*S 44.520% % 7.916* 3.406ns 1.060ns 0.133ns
T IR AL R T i Ab . RTXST 7.747%%* 4.457%* 11.602%*%* 36.999%#* 1.156ns
RIEH < i AbFE SxST 0.703ns 3.061% 0.677ns 0.622ns 0.952ns
T A 2 < Rl < g e Kb 2 0.952ns 5.396%* 0.005ns 1.336ns 0.756ns

RTxSxST
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HF represents the high-fertility experimental field, and LF represents the low-fertility experimental field. Under the same rolling treatment, different lowerase

letters indicate significant difference among the spraying treatment(P<<0.05).
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Fig. 1. Effects of foliar fertilizer application timing on SPAD value of ratoon rice leaves
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Table 3. Effects of foliar fertilizer application timing on leaf traits and leaf area index of ratoon rice

’ LIRS S| wf- 58 SR Py
R Y sULS: Wt b g
ﬁg.iﬂﬁ RIS S Flag leaflength ~ Flag leaf width ~ Mean leaf length Mean leaf width LAI
Site Treatment Spray-treatment (cm) (cm) (cm) (cm)
F A HE - BEJE[X Rolled area CK 20.17+0.96 b 0.91+0.05 b 24.43+0.79 b 1.10+£0.12 a 1.78+0.14 b
D1 23224042 a 1.04£0.05 a 27.11+£0.72 a 0.96+0.02 b 1.994+0.09 a
D3 21.21+0.45b 0.91+0.05 b 28.10+0.75 a 0.88+0.08 b 1.75+£0.09 b
D7 20.23+0.50 b 0.92+0.08 b 18.69+1.43¢ 0.92+0.02 b 1.4240.06 ¢
JEHE K X Non-rolled area CK 18.20+0.37 b 0.97+0.00 a 19.78+1.08 ¢ 0.90+0.09 a 1.98+0.20 a
D1 20.79+0.88 a 1.02+0.08 a 20.32+0.35 ¢ 0.96+0.08 a 1.87+0.03 a
D3 20.53+1.42 a 0.96+0.10 a 26.96+0.69 a 0.89+0.10 a 2.00+0.06 a
D7 19.23+0.58 ab 0.99+0.08 a 2397+1.79b 1.02+0.02 a 1.90+0.05 a
fiKHEAE LF - #&EIX Rolled area CK 20.62+1.05 b 1.06+0.07 a 2521+0.87 a 1.12£0.12 a 1.40+0.07 b
D1 24.72+0.96 a 0.92+0.05 b 25.844+0.62 a 0.94+0.02 b 1.61+£0.07 a
D3 23.76+0.60 a 1.04+0.02 a 26.51+0.73 a 0.97+0.06 b 1.73+£0.09 b
D7 24.49+0.99 a 0.96+0.08 ab 26.06+0.27 a 0.94+0.02 b 1.72+0.08 ¢
JEWE KX Non-rolled area CK 19.46+0.44 b 1.01£0.04 a 21.68+1.15b 0.91+0.07 a 1.57+0.07 b
DI 20.86+0.57 a 0.92+0.07 a 23.68+0.36 a 0.99+0.11 a 1.69+0.03 a
D3 20.46+0.07 a 0.87+0.09 a 23.41+0.47 a 1.01+0.04 a 1.63+0.05 ab
D7 20.79+0.62 a 0.90+0.09 a 23.69+0.37 a 0.99+0.11 a 1.66+0.03 a
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Fig. 2. Effects of foliar fertilizer application timing on number of axillary bud germinations on ratoon rice stubble
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Fig. 3. Effects of foliar fertilizer application timing on composition of effective panicle number in ratoon rice
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Fig. 4. Effects of foliar fertilizer application timing on dry matter accumulation of ratoon rice
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Fig. 5. Under various foliar fertilizer application timing on correlation analysis among various factors in ratoon rice
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